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Abstract 

 

The Turag river, flowing through Dhaka’s industrial zones, is significantly polluted by untreated industrial 

effluents, domestic sewage, and agricultural runoff, leading to heavy metal accumulation in aquatic ecosystems. 

This study examined toxic heavy metals in two commonly consumed fish species Channa punctata and Clarias 

batrachus and assessed associated human health risks. Health risk assessment was conducted considering males 

(age 14–65 years), females (age 14–65 years), and children (up to 13 years), using average body weights. Fish 

samples were collected from two critical locations of Turag river and analyzed at Bangladesh Council of 

Scientific and Industrial Research (BCSIR) laboratories, Dhaka, for Cadmium (Cd), Chromium (Cr), Lead (Pb), 

Arsenic (As), Iron (Fe), Manganese (Mn), Nickel (Ni), and Cobalt (Co). Results revealed that the Total Hazard 

Index (THI) for children consuming Clarias batrachus reached 1.1084 above the USEPA safe threshold (THI > 

1) indicating significant health risk. Similarly, Channa punctata showed a THI of 0.8517 in children, raising 

concerns for long-term exposure. For adult males and females, THI values remained below 1 but approached to 

the limit, indicating potential chronic risks. Non-carcinogenic risk analysis via Total Target Hazard Quotient 

(TTHQ) identified Fe and Mn as dominant contributors. TTHQ values for children were 1.184 and 1.5812 for 

Channa punctata and Clarias batrachus respectively, both exceeding the safety limit. Carcinogenic risk from Cr 

exposure was exceeded the standard range of 6×10-6 for adults and 2×10-6 for adolescents for all gender types 

and children. 

 

Keywords: Heavy metals; Aquatic ecosystem; Health risk; Total Hazard Index (THI); Total Target Hazard 

Quotient (TTHQ) 
  

1 Introduction 

 

Dhaka is the capital of Bangladesh which is surrounded by four major rivers- Buriganga, Turag, Balu and 

Sitalakhya (Bodrud-Doza et al., 2019). Most of the industries including textiles, dying, pharmaceuticals 

established in and around Dhaka city discharge their waste to the surrounding rivers (Uddin & Jeong, 2021). The 

effluent from textile dyeing is recognized as one of the most harmful industrial pollutants to the environment (M. 

R. Islam & Mostafa, 2018). Industrial wastewater holds substantial concentrations of heavy metals, posing 

serious risks to human health, aquatic life, and the surrounding environment (Oladimeji et al., 2024). 

 

As, Cd, Cr, Hg, and Pb are classified as toxic heavy metals (THMs) due to their harmful effects even at 

extremely low exposure levels, making them some of the most hazardous environmental contaminants (Rahman 

& Singh, 2019). With long-term exposure, heavy metals tend to accumulate in specific human organs like the 

liver, kidneys, brain, and bones, potentially causing severe health risks. The toxicity of As, Cd, Cr, Pb, and Hg 

considered top-priority public health threats that varies based on factors like dosage, exposure route, chemical 

form, and the individual’s age, gender, genetics, and nutritional condition.  
 

The Turag river flows as a tributary of the Buriganga is increasingly threatened by severe water pollution caused 

by the direct discharge of untreated industrial and municipal waste (M. H. R. B. Khan et al., 2025). The main 

sources of pollution in the Turag river are tanneries, garment factories, metal and dyeing industries, 

pharmaceutical companies, chemical and battery plants, pulp and paper mills, frozen food producers, and paint 

manufacturing units. 
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Fish holds a vital place in the Bangladeshi diet, making up 60% of all animal-based food intake, with daily per 

capita consumption reaching 62.6 grams (The Financial Express, 2019). Fish is the source of nutrients which are 

essentials for good health. Fish can also pose health risks because of their tendency to accumulate harmful 

pollutants in their bodies by absorbing them through their skin and gills or by consuming polluted prey and 

sediment during feeding (Adegbola et al., 2021). Fish absorb heavy metals based on several factors, including the 

concentration of metals in contaminated water, age of the fish, and their feeding behavior (Awugo & Igejongbo, 

2024). The extent to which fish accumulate heavy metals is linked to the water depth they inhabit, with demersal 

species generally showing higher levels of metal accumulation compared to those living in mid or surface layers 

(Huang et al., 2022).  
 
This study takes a fresh look at heavy metal contamination in the Turag river by going beyond what earlier 

research explored. Unlike earlier studies on the Turag river that mostly concentrated on a few toxic metals like 

lead, cadmium, and arsenic, this research takes a broader and more practical view. Two fish species living in 

different layers of the river were selected to represent varied feeding and habitat zones. Only a few research 

conducted on Turag river which demonstrated the health effect caused by heavy metals from fish through human 

body specially on gender category and for children. This research examined the health effects on male, female 

and child after analyzing the whole fish sample except head and skin.  
 

2 Objectives 

 

In this study carefully chosen two fish species that people of Bangladesh eat most. Besides, these species live in 

depths of the river like Channa punctata stays in the middle to lower layers, while Clarias batrachus lives close 

to the bottom to show the variation of the heavy metal concentration in depths of the water. These fish are locally 

available and due to low-mid price range most of the people take these fish as a protein source. Due to lower 

bone Clarias batrachus is most likely to children. To achieve the study purpose, the following objectives has 

been chosen 

a) To determine the concentration of heavy metals, present in fish. 

b) To assess the potential impacts on human health by evaluating hazard index, non-carcinogenic risk, and 

carcinogenic risk associated with the consumption of these fish. 

 

3 Materials and Methods 

 

3.1 Sample Collection 

Fish samples were collected from different near Dhaka Boat Club and Turag Recreation World Ltd on January 1, 

2025, from local fishermen during fishing. The sampling points were selected arbitrarily and also considering the 

fact that these places are comparatively less polluted than the other places of the river. Two fishes-one Channa 

punctata and one Clarias batrachus was collected as these fishes lives in varying depths of the water and mostly 

consuming fish specially in case of children. The samples were immediately preserved in air sealed plastic bags 

and transported to the laboratory. 

 

3.2 Sample Preparation 

The fish samples were taken the BCSIR lab. The head and skin of the fishes was separated using a sharp scissors 

and rest part of the fish was cut into small pieces for further analysis. 

 

3.3 Laboratory Analysis 

Dry ashing process was used to prepare fish samples for metal analysis. About 10 g of each sample was oven-

dried at 110 °C, then heated in a muffle furnace up to 600 °C to remove organic matter. The resulting ash was 

digested with a mixture of nitric acid, perchloric acid, and hydrogen peroxide. For arsenic (As), a separate 

digestion process was followed due to its low boiling point. The digested solutions were filtered, diluted to 

50 mL, and stored for analysis. Cd, Cr, Pb, Ni concentrations were measured using Zeman Atomic Absorption 

Spectroscopy (ZAAS): As was measured by hydride vapor generation Atomic Absorption Spectroscopy (AAS) 

and Cu, Co, Zn, Fe, and Mn were measured by flame AAS. 

 

3.4 Health Risk Assessment by Hazard Index (HI) and Total Hazard Index (THI) 

Hazard index is a numerical value that indicates the non-carcinogenic health risk from exposure to a single 

contaminant by comparing the estimated intake to a safe reference dose. Total hazard index is the sum of hazard 

indices for multiple contaminants, representing the combined non-carcinogenic health risk from simultaneous 

exposure. 
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Hazard index can be calculated as                                                     (I) (Özden & Erkan, 2016).  

 

In case of HI <1, acceptable risk (Mcintosh Operable Unit, 2011).The equation for EWI = weekly fish 

consumption (g) × concentration of contaminant (µg/g) /body weight (b.w.) (kg) (Özden & Erkan, 2016). In 

urban areas of Bangladesh, each person eats about 62.6 grams of fish per day, which adds up to 438.2 grams per 

week (The Financial Express, 2019). The average body weight is 46 kg for adult women, 54 kg for adult men 

(ages 14–65), and 22 kg for children (ages 0–13). The provisional tolerable weekly intake (PTWI) values are 7, 

25 and 3.5 respectively for Cd, Pb and As (Abdur Rashid et. al., 2017), 23.3, 35 and 700 respectively for Cr, Ni 

and Co (Naseri et al., 2018); 5600 and 980 respectively for Fe and Mn (Tielman et al., 2018) and 1.6 for Hg 

(WHO Europe, 2007) in µg/kg body weight/week unit.Total hazard index can also be calculated by   

 

       (II)  (Özden & Erkan, 2016).  

 

3.5 Non-Carcinogenic and Carcinogenic risk 

The assessment of non-carcinogenic risk is conducted through the calculation of the Total Hazard Quotient 

(THQ) and Total Target Hazard Quotient (TTHQ) which indicates the potential health risk from exposure to a 

single or multiple substances. The THQ can be calculated as 

  

                                                                              (III) (Abdur Rashid et. al., 2017).  

Where, EF = Exposure Frequency = 365 days/year, ED = Exposure Duration = 70 years for non-carcinogens, 
FIR = Fish Ingestion Rate = 62.6 g/day, C is the concentration of metal in fish (μg/g), RfD = value of oral 

Reference Dose which are 0.001, 0.003, 0.004, 0.0003 respectively for Cd, Cr, Pb and As, 0.7 and 0.014 

respectively for Fe and Mn  0.02, 0.02 and 0.0003 respectively for Ni, Co and Hg in μg/g/day (US EPA, 2016). 

WAB= average body weight, TA = average exposure time of non-carcinogens = 365 days/year × ED (Abdur 

Rashid et. al., 2017). Hazard Quotient exceeds 1 is threshold (Mcintosh Operable Unit, 2011). Total target hazard 

quotient can be calculated by summing hazard quotient of individual metal:  

 

   (IV) 

 

Carcinogenic Risk (CR) is the chance or likelihood that a person may develop cancer due to long-term exposure 

to harmful substances, such as certain chemicals, pollutants, or radiation. It is usually estimated over a lifetime 

and is expressed as a probability, for example, a risk of 1 in 100,000. 

 

                                                                              (V)  (M. S. Islam et al., 2015). 

 

Here  is oral carcinogenic slope factor which value - 6.1 and 0.5 respectively for Cd and Cr & 0.0085 and 

1.5 respectively for Pb and As in (mg/kg/day) (US EPA, 2016). Acceptable risk levels for carcinogens 6×10-6 for 

adults and 2×10-6 for adolescents (Mcintosh Operable Unit, 2011). 

 

4 Results and Discussions 

 

4.1 Heavy metals in fish 

The heavy metal concentration in two fishes Channa punctata and Clarias batrachus are shown in the Table 1. 
The analysis of heavy metal concentrations in two freshwater fish species, Channa punctata and Clarias 

batrachus, reveals varying levels of metal accumulation. Toxic metals such as Cd, Pb, and As were found in trace 

amounts in both species, staying below detectable or permissible limits, which suggests a relatively low 

immediate health risk from these elements. However, essential metals like iron Fe, Mn, and Ni were present in 

higher concentrations, with Clarias batrachus generally showing greater accumulation than Channa punctata. 

Although most detected levels are within acceptable safety margins, the presence of multiple heavy metals is a 

health concern if the fish are taken regularly.  
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Table 1. Heavy metal concentration in fish. 

 

Sl Name of metal Concentration in Channa punctate 

(mg/kg) 

Concentration in Clarias batrachus 

(mg/kg) 

1 Cadmium (Cd) < 0.001 < 0.001 

2 Chromium (Cr) 0.19 0.28 

3 Lead (Pb) < 0.01 < 0.08 

4 Arsenic (As) < 0.005 < 0.007 

5 Iron (Fe) 75.4 85.4 

6 Manganese (Mn) 2.90 3.90 

7 Nickel (Ni) 0.63 0.75 

8 Cobalt (Co) < 0.1 < 0.1 

 

4.2 Health Risk Analysis 

The non-carcinogenic health risk from consuming Channa punctata is low for adult males and females, as both 

HI and TTHQ values are below the safe limit of 1. However, for children while the THI (0.8902) is still under 

the critical limit, the TTHQ (1.237) slightly exceeds 1, indicating potential health concerns due to long time or 

continuous intake of fish as shown in Table 2 and Figure 1.  

In the case of Clarias batrachus, the health risk is higher, especially for children. Although adults show no 

immediate risk, children have both THI (1.1585) and TTHQ (1.6525) above the threshold as shown in Table 3 

and Figure 2, suggesting significant non-carcinogenic health risks. This species should be consumed in 

moderation, particularly by children. 

 

Table 2. Hazard index and non-carcinogenic health risk for male, female and child due to intake of Channa 

punctate. 

 

Parameters  Cd Cr Pb As Fe Mn Ni Co THI 

 Male 0.0012 0.0662 0.0032 0.0116 0.1093 0.0240 0.1461 0.0012 0.3627 

HI Female 0.0014 0.0777 0.0038 0.0136 0.1283 0.0282 0.1715 0.0014 0.4257 

 Child 0.0029 0.1624 0.0080 0.0285 0.2682 0.0590 0.3585 0.0028 0.8902 

Parameters  Cd Cr Pb As Fe Mn Ni Co TTHQ 

 Male 0.0012 0.0734 0.0029 0.0193 0.1249 0.2401 0.0365 0.0058 0.5041 

THQ Female 0.0014 0.0862 0.0034 0.0227 0.1466 0.2819 0.0429 0.0068 0.5918 

 Child 0.0028 0.1802 0.0071 0.0474 0.3065 0.5894 0.0896 0.0142 1.237 

 

Table 3. Hazard index and non-carcinogenic health risk for male, female and child due to intake of Clarius 

batrachus. 

 

Parameters  Cd Cr Pb As Fe Mn Ni Co THI 

 Male 0.0012 0.0975 0.0260 0.0162 0.1238 0.0323 0.1739 0.0012 0.472 

HI Female 0.0014 0.1145 0.0305 0.0191 0.1453 0.0379 0.2041 0.0014 0.554 

 Child 0.0029 0.2394 0.0637 0.0398 0.3038 0.0793 0.4268 0.0028 1.1585 

Parameters  Cd Cr Pb As Fe Mn Ni Co TTHQ 

 Male 0.0012 0.1082 0.0232 0.0270 0.1414 0.3229 0.0435 0.0058 0.6732 

THQ Female 0.0014 0.1270 0.0272 0.0318 0.1660 0.3791 0.0510 0.0068 0.7903 

 Child 0.0028 0.2656 0.0569 0.0664 0.3471 0.7927 0.1067 0.0142 1.6525 

 

  

Figure 1: THI & TTHQ for male, female and child due to 

intake of Channa punctate. 

Figure 2: THI & TTHQ for male, female and 

child due to intake of Clarius batrachus. 
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Both Channa punctata and Clarias batrachus show carcinogenic risk for male, female and child except for Pb as 

CR values are far above the safe limits of 6×10⁻⁶ for adults & 2×10⁻⁶ for children as shown in Table 4 & 5 and 

Figure 3 & 4. Children are the most vulnerable compared to female and male due to their less body weight. 

Among of the metals Cr is most dangerous which exceeded about 135 times of standard limit for child, 21.5 

times for female and 18 times for male in case of Channa punctate. In Clarius batrachus, the risk of CR for Cr in 

case of child is about 199 times. The CR for consumption of Clarias batrachus is more than the Channa 

punctate.  

 

Table 4. Carcinogenic Risk (CR) of Male, Female and child of Channa punctata. 

 

Parameters  Cd Cr Pb As 

 Male 7.07  110.13 0.099  8.69 

CR x (10-6) Female 8.30 129.28 0.12  10.21 

 Child 17.36 270.32 0.24  21.34 

 

Table 5. Carcinogenic Risk (CR) of Male, Female and child of Clarius batrachus. 

 

Parameters  Cd Cr Pb As 

 Male 7.07 162.30 0.79 12.17 

CR x (10-6) Female 8.30 190.52 0.93 14.28 

 Child 17.36 398.36 1.93 29.88 

 

  

Figure 3: Carcinogenic risk for male, female and child 

due to intake of Channa punctate. 

Figure 4: Carcinogenic risk for male, female and child 

due to intake of Clarius batrachus. 

 

5 Conclusions 

 

This study highlights the significant health risks associated with the consumption of fish from the Turag river, 

which is heavily polluted due to industrial and municipal discharges. Analysis of two commonly consumed fish 

species Channa punctata and Clarias batrachus revealed alarming levels of heavy metal contamination, 

particularly iron, manganese, nickel, and chromium. While non-carcinogenic risk for adults remained within 

acceptable thresholds but children were found to be particularly vulnerable. For children, the Total Hazard Index 

(THI) and Total Target Hazard Quotient (TTHQ) exceeded safe limits for both fish species, indicating potential 

for chronic health effects. Carcinogenic risk levels for chromium and arsenic were found to be far above the 

USEPA safety limits for all age groups, with children being the most vulnerable due to their lower body weight. 

These findings emphasize the urgent need for effective pollution control, regular health risk monitoring, and 

public advisories regarding fish consumption from the Turag river. 
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