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ABSTRACT 

 

Heavy metals are well-known environmental pollutants due to their serious toxicity, persistence in 

the environment and bioaccumulative nature. A variety of natural and anthropogenic sources are 

the main reason of their release into the environment. Contamination of freshwater ecosystems 

such as rivers with toxic heavy metals is an environmental problem of public health concern. Being 

persistent elements, heavy metals are accumulated in the environment and are the major cause to 

contaminate the food chains. Accumulation of potentially toxic heavy metals in freshwater fish 

causes a potential health threat to their consumers including humans. It is very important to assess 

and monitor the concentrations of potentially toxic heavy metals in riverine waters and sediments 

as well as in the resident biota. The present research work aimed to assess the bioaccumulation of 

four selected heavy metals i.e., Cr, Ni, Cd and Pb in freshwater fish, rice and tobacco along three 

rivers in Malakand Division and River Kabul, Khyber Pakhtunkhwa, Pakistan. The different acid-

digested environmental samples were analyzed for specified heavy metals (Cr, Ni, Cd and Pb) by 

flame atomic absorption spectrophotometry. Potential risk to the health of the fish consumers was 

assessed in terms of estimated weekly intake (EWI) values of the heavy metals and compared with 

their respective provisional tolerable weekly intake (PTWI) values set by international 

organizations. Generally, metal concentrations in muscles of the fish from the studied rivers were 

comparable. Generally, clear trends could not be observed for metal concentrations at different 

sites of the rivers when going from upstream to downstream. Regarding metal accumulation in 

fish muscles, generally, inter-species differences were statistically not significant, most probably 

due to more variance within samples. Generally, metal concentrations were higher in metabolically 

active tissues such as gills and liver compared to skin and muscles. Based on the current study, 

consumption of the analyzed freshwater fish species from the rivers was generally safe in terms of 

potential risk from Cd and Pb but the observed Ni accumulation may pose a potential health risk 

to regular/excessive fish consumers. Thus, efforts should be made to minimize heavy metal 

contamination in these freshwater ecosystems in order to safeguard the aquatic fauna and the health 

of the fish consumers. 
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Introduction 

 

nvironmental pollution is one of the major challenges in the modern human society [1]. 

Environmental contamination and pollution by heavy metals is a threat to the 

environment and is of serious concern [2, 3]. Rapid industrialization and urbanization 

have caused heavy metal contamination in various environmental segments [4]. Rates of 

mobilization and transport of heavy metals have greatly accelerated since 1940s [5]. Chronic 

exposure to heavy metals in the environment is a real threat to living organisms [6]. Release of 

heavy metals to the environment is due to natural as well as anthropogenic sources. Natural sources 

include weathering of metal-containing rocks and volcanic eruptions. Industrial emissions, mining, 

smelting as well as agricultural activities like application of pesticides and phosphate fertilizers 

are principle anthropogenic sources. Combustion of fossil fuels contributes to the release of heavy 

metals such as cadmium (Cd) to the environment [7]. Heavy metals are non-biodegradable and 

hence persist in the different environmental segments i.e., water, air, and soil. These elements also 

enter the food chains and finally reach the human body, where they can cause different health 

problems. 

 

Metal concentrations above threshold levels affect the microbiological balance of soils and 

can reduce their fertility [8]. Bioaccumulation of toxic heavy metals in biota of the riverine 

ecosystems may have adverse effects on animals and humans [9]. Higher levels of heavy metals 

in biota can have negative effects on the ecological health of aquatic animal species and may 

contribute to declines in their populations [10]. Heavy metals are strong neurotoxins in fish 

species. The interaction of heavy metals with chemical stimuli in fish may interrupt the 

communication of fish with their environment [11]. Heavy metals have been found associated with 

fish deformities in both natural populations and in laboratory. Generally, such deformities have 

negative effects on fish populations because deformities affect their survival, growth rates, welfare 

and external image. These deformities in fish can serve as excellent biomarkers of environmental 

heavy metal pollution [12]. 

 

E 



CHAPTER 1                                                                                                                   Introduction

                   

2 

 

Hartl remarks that “metals, of natural or anthropogenic origin, are ubiquitous in the aquatic 

environment and therefore understanding their behavior and interaction with aquatic organisms, 

particularly fishes, a major source of protein for human consumption, is of great socio-economic 

importance” [13]. 

 

Metals 

Chemically metals are defined as “elements which conduct electricity, have a metallic luster, are 

malleable and ductile, form cations, and have basic oxides” [14]. Terms usually used in relation to 

metals in biological and environmental studies are metal, metalloid, semimetal, light metal, heavy 

metal, essential metal, beneficial metal, toxic metal, abundant metal, available metal, trace metal 

and micronutrient [15]. Metals have very diverse applications and play an important role in the 

industry-dominated human society. Some metals have critically important physiological and 

biochemical functions in biological systems and either their deficiency or excess can lead to 

disturbance of metabolism and therefore to various diseases.    

 

Metals Essential to Life 

Some metals and metalloids are essential for (biological) life. They play important physiological 

and biochemical roles in the body as they may be part of biomolecules such as enzymes, which 

catalyze biochemical reactions in the body. Table 1.1 lists metals most important in human 

metabolism. 
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Table 1.1 Metals most important in human metabolism [16] 

 
aRecommended Daily Amount; bmost abundant cation in the body; *nonmetal  
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Heavy Metals (HMs) 

According to Csuros and Csuros [16], a heavy metal is defined as “a metal with a density 

greater than 5 g / cm3 (i.e., specific gravity greater than 5)”. According to Duffus [15], “the term 

‘heavy metals’ is often used as a group name for metals and semimetals (metalloids) that have 

been associated with contamination and potential toxicity or ecotoxicity”. Very recently, we have 

proposed a broader definition for the term, and heavy metals have been defined as “naturally 

occurring metals having atomic number greater than 20 and an elemental density greater than 5 g 

cm−3” [17].   

Essential and Nonessential HMs 

Regarding their role in biological systems, heavy metals are classified as essential and 

nonessential. Essential heavy metals are important for living organisms and may be required in the 

body in quite low concentrations. Nonessential heavy metals have no known biological role in 

living organisms. Examples of essential heavy metals are Mn, Fe, Cu and Zn while the heavy 

metals Cd, Pb and Hg are toxic and are regarded as biologically nonessential [18-21]. The heavy 

metals Mn, Fe, Co, Ni, Cu, Zn, and Mo are micronutrients or trace elements for plants. They are 

essential for growth and stress resistance as well as for biosynthesis and function of different 

biomolecules such as carbohydrates, chlorophyll, nucleic acids, growth chemicals, and secondary 

metabolites [22]. Figure 1.1 shows Periodic Table indicating elements essential for humans and 

the trace elements. 

 

Figure 1.1 Periodic Table indicating elements essential for humans (white background) and the 

trace elements (black characters) (Fraga [23], used with permission from Elsevier) 
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Either deficiency or excess of an essential heavy metal leads to diseases or abnormal conditions. 

However, the lists of essential heavy metals may be different for different groups of organisms 

such as plants, animals and microorganisms. It means, a particular heavy metal may be essential 

for a given group of organisms but nonessential for another one. The interactions of heavy metals 

with different organism groups are much complex [24]. 

 

Environmentally Relevant Most Hazardous HMs and Metalloids 

Heavy metals are among the most investigated environmental pollutants. Almost any heavy 

metal and metalloid may be potentially toxic to biota depending upon the dose and duration of 

exposure. Many elements are classified into the category of heavy metals, but those listed in Table 

1.2 are relevant in the environmental context. 

 

Table 1.2 List of the environmentally relevant most toxic heavy metals/metalloids [25] 

 

 

Heavy Metals from various sources in the Environment 

Sources of heavy metals in the environment can be both natural/geogenic/lithogenic and 

anthropogenic. The natural or geological sources of heavy metals in the environment include 

weathering of metal-bearing rocks and volcanic eruptions. The global trends of industrialization 

and urbanization on Earth have led to an increase in the anthropogenic share of heavy metals in 
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the environment [26]. The anthropogenic sources of heavy metals in the environment include 

mining, industrial and agricultural activities. These metals (heavy metals) are released during 

mining and extraction of different elements from their respective ores. Heavy metals released to 

the atmosphere during mining, smelting and other industrial processes return to the land through 

dry and wet deposition. Discharge of wastewaters such as industrial effluents and domestic sewage 

add heavy metals to the environment. Application of chemical fertilizers and combustion of fossil 

fuels also contribute to anthropogenic input of heavy metals in the environment. Regarding 

contents of heavy metals in commercial chemical fertilizers, phosphate fertilizers are particularly 

important.  

In general, phosphate fertilizers are produced from phosphate rock (PR) by acidulation. In 

the acidulation of single superphosphate (SSP), sulfuric acid is used while in acidulation of triple 

superphosphate (TSP), phosphoric acid is used [27]. The final product contains all of the heavy 

metals present as constituents in the phosphate rock [28]. Commercial inorganic fertilizers, 

particularly phosphate fertilizers, can potentially contribute to the global transport of heavy metals 

[29]. Heavy metals added to agricultural soils through inorganic fertilizers may leach into 

groundwater and contaminate it [27]. Phosphate fertilizers are particularly rich in toxic heavy 

metals. The two main pathways for transfer of toxic heavy metals from phosphate fertilizers to the 

human body are shown below [27]:  

 

Combustion of fossil fuels in industries, homes and transportation is an anthropogenic 

source of heavy metals. Vehicle traffic is among the major anthropogenic sources of heavy metals 

such as chromium, zinc, cadmium and lead [30]. Higher concentrations of environmentally 

important heavy metals have been reported in soils and plants along roads in urban and 

metropolitan areas. Regarding anthropogenic sources of heavy metals, emissions from coal 

combustion and other combustion processes are very important [5]. During coal combustion, Cd, 

Pb, and As are partially volatile, while Hg is fully volatile. In China, combustion of coal is one of 

the major sources of atmospheric emissions of hazardous trace elements [31]. Table 1.3 lists some 
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environmentally important data for eight key hazardous trace elements (HTEs), of prime 

environmental concern, in Chinese coals. 

 

Table 1.3 Some environmentally important data for key hazardous trace elements (HTEs), of 

prime environmental concern, in Chinese coals [31] 

Element Simulated mean conc. (ppm) Emissions from coal use in China in 2007 (t) 

Cr 30.37 8217.8 

Ni 17.44 2308.4 

Cd 0.61 245.4 

Pb 23.04 12547.0 

Hg 0.20 305.9 

As 5.78 2205.5 

Se 3.66 2353.0 

Sb 2.01 546.7 

 

The anthropogenic sources of Cr include electroplating industries, leather tanneries, textile 

industries and steel industries [32]. Globally, about 50,000 t/year of Cr may be emitted from coal 

combustion, wood burning and refuse incineration [5]. Fertilizers also usually contain significant 

contents of Cr [33]. Globally, about 60,000 t/year of Ni may be generated from coal combustion; 

its greater portion remain in the ash [5]. The natural sources of Cd in the environment are volcanic 

action and weathering of rocks whereas an anthropogenic source is non-ferrous metal mining 

especially processing of Pb-Zn ores [34]. Globally, about 7,000 t/year of Cd may be emitted from 

coal combustion and sewage sludge incineration is also a source of Cd [5]. Anthropogenic 

increases in Cd concentrations are also caused by excessive application of chemical fertilizers [35]. 

P containing fertilizers contain Cd as a contaminant at concentrations ranging from trace quantities 

to 300 ppm on dry weight basis and hence may be a main source of input of this metal to 

agricultural systems [36]. Figure 1.2 summarizes the different anthropogenic sources of Cd in the 

environment. Pb is released to the environment from different sources including acid batteries, old 

plumbing systems, lead shots used for hunting of game birds etc. Combustion of leaded gasoline 

is also a source of Pb in the environment. Although use of tetraethyl lead as an antiknock agent in 

gasoline has been banned, it is still used in some developing regions of the world. 
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Figure 1.2 Anthropogenic sources of Cd in the environment of European Community (EC) 

(Source: Hutton [34]) 

 

Contamination of Natural Waters, Sediments and Soils by Heavy Metals 

After release from both natural and anthropogenic sources, heavy metals contaminate 

natural water bodies, sediments and soils. Heavy metals released into the atmosphere in volcanic 

eruptions and in different industrial emissions also ultimately return to the land and cause 

contamination of waters and soils. Since heavy metals are persistent in the environment, they either 

accumulate in biota or leach down into ground waters. Contamination of biota and groundwater 

with potentially toxic heavy metals has important implications for human health. Figure 1.3 shows 

a conceptual schematic of contamination of an aquatic (riverine) ecosystem with heavy metals. 

Different physicochemical and climatic factors affect the overall dynamics and biogeochemical 

cycling of heavy metals in the environment. 
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Figure 1.3 Schematic showing contamination of a river with heavy metals 

 

Water 

It is said that water is the “life-blood of the biosphere”. Since water is a universal solvent, 

it dissolves different organic and inorganic chemicals and environmental pollutants. Aquatic 

ecosystems, both freshwater and marine, are vulnerable to pollution. Contamination of water 

resources by heavy metals is a critical environmental issue which adversely affects plants, animals 

and human health [37]. Heavy metals are extremely toxic to aquatic organisms even at very low 

concentrations [38]. These elements can cause significant histopathological alterations in tissues 

of aquatic organisms such as fish [39]. Aquatic ecosystems are contaminated by heavy metals from 

different sources. One source of heavy metals in the aquatic ecosystems is effluents from mining 

operations [40]. Other sources of water contamination with heavy metals include different 

industrial effluents, domestic sewage and agricultural run-off. 



CHAPTER 1                                                                                                                   Introduction

                   

10 

 

Sediments 

Contamination of sediments with heavy metals is an environmentally important issue with 

consequences for aquatic organisms and human health. Sediments act as the main pool of metals 

in the aquatic environment. Their quality can indicate the status of water pollution [41]. Sediments 

serve as both sink and source of heavy metals, releasing them into the water column [42]. 

Continuing deposition of heavy metals in sediments can also lead to contamination of groundwater 

with these pollutants [43]. The adsorption, desorption and subsequent concentrations of heavy 

metals in sediments are affected by many physicochemical factors such as temperature, 

hydrodynamic conditions, redox state, content of organic matter and microbes, salinity and particle 

size [44]. 

 

Soils 

Heavy metals and metalloids are released into soils from the parent material (lithogenic 

source) and different anthropogenic sources [45]. Factors affecting the presence and distribution 

of heavy metals in soils include composition of parent rock, degree of weathering, physical, 

chemical and biological characteristics of soil and climatic conditions [46]. Significant enrichment 

of heavy metals has been reported in soils receiving more input of fertilizers and Cu fungicide 

compared to virgin soils and soils receiving low inputs [47]. In urban areas, soils may be 

contaminated with heavy metals from heavy vehicular traffic on roads. Soil samples in urban areas 

have elevated concentrations of Pb, out of which 45-85% is bioaccessible [48]. The bioavailability 

of heavy metals in soils is very important for their fate in the environment and for their uptake in 

plants. Different heavy metals have different bioavailabilities in soils and this bioavailability is 

dependent on metal speciation and on different physicochemical properties of soils.   

 

Heavy Metals as Hazardous Materials 

Heavy metals are considered as hazardous chemicals in the environment. Nonessential 

heavy metals are toxic to plants, animals and humans at very low concentrations. Even the essential 

heavy metals also cause adverse health effects at high concentrations [49]. Procedures developed 

for hazard identification of chemical contaminants in the aquatic environments consider three 

characteristic features: persistence, bioaccumulation and toxicity (Figure 1.4). Toxic substances 

which are both persistent and bioaccumulative are more hazardous [50]. 
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Figure 1.4 Hazard of a substance in the aquatic environment is a function of its persistence, 

bioaccumulation and toxicity (PBT) 

 

Toxicity refers to the property of a chemical to affect survival, growth and reproduction of an 

organism. Certain heavy metals have been reported to be carcinogenic, mutagenic and/or 

teratogenic to different species depending on dose and duration of exposure. Heavy metals affect 

both wildlife and human health. Some species are more sensitive to heavy metals than others. The 

mechanisms by which heavy metals affect different organs, tissues and systems in different 

organisms are very complex and so far some of them are not fully explored. Exposure of the 

bivalve Anodonta anatina to Cd has been found to affect carbonic anhydrase (CA) in its tissues, 

an enzyme playing a role in osmoregulation and Ca metabolism [51]. Cd has been considered as 

one of the factors likely responsible for the decline in populations of freshwater mussels due to its 

high toxicity, bioaccumulation potential and transfer through food chains [52].  

 

Trophic Transfer of Heavy Metals 

Since heavy metals are persistent in the environment, they accumulate in living organisms 

and are transferred from one trophic level to another in the food chains. The extent of accumulation 

of heavy metals in biota depends on their rate of accumulation and their rate of elimination from 

the body. Thus, different heavy metals have different half lives in different species. 

Hazard in the aquatic environment

Toxicity

Persistence
Bio-

accumulation
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Heavy metals may enter the body of an organism directly from the abiotic environment i.e., water, 

sediments and soil or may enter the organism body from its food/prey. For example, heavy metals 

may enter the fish body directly from water or sediments through the fish gills/skin or from the 

fish food/prey through its alimentary canal. The concentration of a heavy metal may increase or 

decrease along successive trophic levels in a food chain. The retention of heavy metals in the body 

of an organism depends on many factors such as the speciation of the metal concerned, the 

physiological mechanisms developed by the organism for the regulation, homeostasis and 

detoxification of the heavy metal etc. Methylated forms of heavy metals such as Hg are 

accumulated in biota to a greater extent and therefore biomagnified in food chains due to their 

lipophilicity. Certain plants have the ability to thrive on metal-rich habitats and are called 

metallophytes. These special plants have developed special mechanisms for coping with higher 

heavy metal concentrations in soil and are divided into three categories i.e., excluders, indicators 

and hyperaccumulators. Certain terms are used to describe the trophic transfer of heavy metals. 

These terms are briefly introduced below (Figure 1.5 depicts the concepts of these terms). 

 

• Trophic transfer (also called biotransference) refers to the passage of a contaminant in 

food chains, from one trophic level to the next 

• Bioconcentration refers to the accumulation of a contaminant in an organism as a result 

of its uptake from the ambient abiotic environment 

• Dietary accumulation refers to the accumulation of a contaminant in an organism as a 

result of its uptake from the organism’s food/diet or prey 

• Bioaccumulation refers to the accumulation of a contaminant in an organism as a result of 

its uptake from both the ambient abiotic environment and the organism’s food/diet 

• Biomagnification refers to the increase in concentration of a contaminant along a food 

chain i.e., along successive trophic levels in a food chain 

• Biodilution refers to the decrease in concentration of a contaminant along a food chain 

• Trophodynamics refers to the study of trophic transfer of a chemical in food chains 
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Figure 1.5 Schematic summarizing terms and concepts involved in trophodynamics of heavy 

metals 

 

Heavy Metals from Soil-to-Plant 

The soil-to-plant transfer of heavy metals is a very important step in the trophic transfer of 

such metals in food chains. These metals are taken up by plants from polluted soil and subsequently 

transferred to herbivorous animals along the food chain [53]. Regarding contamination of the 

human food chain, contamination of crops such as cereals and vegetables is a very serious issue.  

Consumption of cereals contaminated with toxic heavy metals may cause risk to human health 

[54]. Heavy metals in higher concentration ranges have been reported in vegetables grown with 

wastewaters compared to those grown with groundwater. Furthermore, higher concentrations of 

these metals have been found in leafy vegetables compared to those in other types of vegetables 

such as bulbs and tubers [55]. Figure 1.6 depicts the trophic transfer of heavy metals in the human 

food chains. 
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Figure 1.6 Soil-to-plant transfer of heavy metals is an important route for entry into the human 

food chain 

  

Quantification of Trophic Transfer of Heavy Metals 

Certain terms have been used to quantify the degree or extent of accumulation of heavy 

metals in biota. Some of these quantitative terms are bioconcentration factor (BCF), 

bioaccumulation factor (BAF), bioaccumulation coefficient (BAC) etc. Some of these terms are 

discussed below. 
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Bioconcentration Factor (BCF) 

BCF is indicative of the degree of enrichment of a heavy metal in an organism relative to that in 

its habitat. It is defined as “the ratio of the concentration of a heavy metal in an organism tissue to 

its concentration in the abiotic medium (water, sediments)”. It is calculated by the following 

equation: 

𝐵𝐶𝐹 =  
𝐶𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚 𝑡𝑖𝑠𝑠𝑢𝑒

𝐶𝑎𝑏𝑖𝑜𝑡𝑖𝑐 𝑚𝑒𝑑𝑖𝑢𝑚
       (1.1) 

Where Corganism = metal concentration in the organism tissue 

And Cabiotic medium = metal concentration in the abiotic medium 

 

Some authors use the alternative terms transfer factor (TF), metal transfer factor (MTF), 

accumulation factor (AF), bioaccumulation factor (BAF) and biota-sediments accumulation factor 

(BSAF) and calculate them accordingly. However, all these indices show the magnitude of 

accumulation of a heavy metal in the organism relative to that in the environment where it grows 

/lives. 

 

Bioaccumulation Coefficient (BAC) 

BAC is calculated by the following equation [56]: 

𝐵𝐴𝐶 =  
𝐶𝑝𝑙𝑎𝑛𝑡

𝐶𝑠𝑜𝑖𝑙
        (1.2) 

Where Cplant = metal concentration in plant 

And Csoil = metal concentration in soil 

 

It is evident that the values of BCF, BAF and BAC etc. depend on the concentration of the heavy 

metal in the organism and in the concerned environmental medium. Since the values of these 

indices are inversely related to the metal concentration in the environmental medium (water, 

sediments, soil), therefore, the values of these indices should be used with caution for assessment 

of heavy metal contamination in biota. For example, BCF value for a heavy metal in muscles of a 

fish dwelling in less contaminated water may be higher than for the fish dwelling in more 

contaminated water simply because of lower metal concentration in the habitat of the former fish. 

It has been reported that bioconcentration factor (BCF) values of seven typical heavy metals in 

crop grains decreased exponentially with average concentrations of the metals in soil [57]. 
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Bioaccumulation of Heavy Metals in Biota 

Since heavy metals are persistent in the environment, they enter from the environment to 

the organisms and accumulate therein. As mentioned earlier, the uptake and bioaccumulation of 

heavy metals in biota depends on several factors. For example, the uptake of heavy metals in plants 

depends on bioavailability of the metal in soil, which in turn depends on several factors such as 

metal speciation, pH, organic matter contents in soil etc. Metals which are more bioavailable in 

soil may be accumulated in plants more easily and thus will have more bioaccumulation potential. 

An assessment of bioaccumulation of heavy metals in plants may be used for an estimation of 

bioavailability of the metals in soil. Such an assessment may also be used for knowing the 

contamination status of the environment. It has been reported that plants seem to be more sensitive 

to environmental changes than are soils [58]. Different plant species have been suggested as 

bioindicators of heavy metal pollution in the environment. Different animal species have also been 

suggested as bioindicators of heavy metal pollution. For example, the date mussel (Lithophaga 

lithophaga) has been suggested as a valid bioindicator of marine pollution [59]. 

Bioaccumulation of heavy metals in biota is important from environmental, ecological and 

human health point of view and has important implications for wildlife and human health. 

Contamination of aquatic and terrestrial food chains with potentially toxic heavy metals poses a 

threat to the health of consumer organisms including humans. In aquatic ecosystems, organisms 

are simultaneously exposed to different metals, which may have additive, synergistic or 

antagonistic interactions [60]. The topic of bioaccumulation of heavy metals in biota is a very 

broad topic. Here, the discussion of the topic will be limited to bioaccumulation of heavy metals 

in fish and rice, which serve as the major dietary sources of heavy metal exposure for the general 

human population. Additionally, bioaccumulation of heavy metals in cigarette tobacco will also 

be discussed as tobacco smoke acts as an additional source of heavy metal exposure for the 

smoking human population. 

Bioaccumulation of Heavy Metals in Freshwater Fish 

Aquatic biota is exposed to heavy metals through different routes such as water, sediments 

and food [61]. Freshwater fish are exposed to different toxic heavy metals released to freshwater 

bodies from different natural and anthropogenic sources. Contamination of fish by heavy metals 

has become an important global issue because it presents a threat to fish and poses health risks to 
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fish consumers [62]. Assessment of heavy metal bioaccumulation in fish species of different 

aquatic habitats is very important [63]. Fish have high levels of unsaturated fatty acids and low 

levels of cholesterol. They are an important source of proteins [64]. Use of edible fish in human 

diet is beneficial and therefore recommended in balanced diet. However, contamination of fish by 

toxic heavy metals is considered as a risk for human health and has raised concerns about their 

consumption especially in more sensitive groups of human population such as women, children 

and people at risk of diseases from other causes.   

The bioaccumulation of heavy metals in freshwater fish depends on various factors, both 

fish characteristics and external environmental factors. Factors related to fish include fish age, size 

(weight and length), feeding habits and body physiology while external environmental factors 

include concentration and bioavailability of metals in the water column, physicochemical 

properties of water and other climatic factors. The degree of accumulation of heavy metals in 

different tissues of fish is generally different depending on the structure and function of tissues. 

Generally, metabolically active tissues such as gills, liver and kidneys have higher accumulations 

of heavy metals than other tissues such as skin and muscles. Although fish muscles are the tissue 

of poor heavy metal accumulation [65], they are important from the view point of consumption by 

humans. Bioaccumulation of trace metals in muscles of fish is generally species specific [66]. Most 

studies on bioaccumulation of heavy metals in fish have investigated metal concentrations in fish 

muscles because this tissue is edible and is the most relevant regarding human health.  

 The comparatively higher heavy metal accumulation in metabolically active tissues of fish 

is generally explained by the induction/occurrence of metal-binding proteins called 

metallothioneins (MTs) in these tissues upon exposure to heavy metals. Huang et al., [67] have 

studied the induction of MTs in different tissues of the common carp (Cyprinus carpio) co-exposed 

to 1 μg mL−1 concentrations each of Cd2+, Pb2+ and Hg2+ for 10 days. They reported a significant 

induction of Cd and Hg-binding MTs in the metabolically active tissues, gills, liver and kidneys, 

compared to the control group and their concentrations were dependent on exposure duration. Cu 

and Zn-binding MTs also increased in the tissues of the exposed fish but synthesis of Pb-binding 

MTs was not significant. The authors explained that such induction of MTs may be due to their 

important role in homeostatic regulation of essential metals and their protective role against 

toxicity of nonessential metals. The authors suggested the use of MTs’ induction/concentrations 

in gills as a biomarker for detection of Cd and Hg pollution. 
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Bioaccumulation of toxic heavy metals in freshwater fish has important environmental, 

ecological and social consequences. It has implications for humans and other fish consuming 

carnivorous wildlife. Water-borne heavy metals are incorporated in fish and enter the human body 

through the food chain and therefore have impact on human health [68]. Furthermore, toxic heavy 

metals also affect fish health and well-being. It has been reported that pollution of river with heavy 

metals-containing wastewater induced stress in the freshwater fish Channa punctatus, making it 

weak and more vulnerable to diseases [69]. Heavy metal pollution is regarded as one of the 

possible causes for population declines of freshwater fish and other aquatic species in freshwater 

ecosystems. It has been reported that increased contamination in River Indus, Pakistan, has caused 

decline in the number and diversity of freshwater fish and other aquatic species in this river [70]. 

 

Bioaccumulation of Heavy Metals in Rice (Oryza sativa) 

Rice is a very important human food and is the staple food in Asian countries especially in 

South Asia and China. Contamination of rice fields with toxic heavy metals leads to 

bioaccumulation of these elements in rice plant. The translocation of heavy metals from roots of 

rice plant to stem, leaves and rice grains is of human health concern. Rice crop is especially 

susceptible to heavy metal contamination because it needs water during most of its growth period. 

The trace elements, Cd, Pb, Hg and As, are ubiquitous in the environment with harmful effects on 

human health. Regarding their presence in rice as a public health concern, As is on top followed 

by Cd [71]. Human intake of Cd has been reported to be highest through consumption of rice [72]. 

Contamination of rice with toxic heavy metals is especially a health concern in developing 

countries [73].  

Irrigation of agricultural soils with wastewater is a widespread practice in Pakistan, which 

results in elevated uptake of metals in crops. Elevated levels of heavy metals in crops affect food 

quality and pose health risks to the consumers [74]. Application of phosphate fertilizers rich in Cd 

can also lead to Cd-contamination in rice fields [75]. For the general population, consumption of 

rice may be a potential exposure source of toxic heavy metals, particularly Cd, Pb and As [76]. 

Long-term consumption of rice grown on polluted areas may cause potential health hazards to the 

consumers [77]. Efforts are being made to minimize uptake through roots and translocation to 

grains of toxic heavy metals especially Cd in rice. Genetic engineering is used as an approach to 

achieve this goal and some transgenic rice varieties have been developed to meet the challenge.  
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Bioaccumulation of Heavy Metals in Tobacco (Nicotiana tabacum) 

Bioaccumulation of toxic heavy metals in cigarette tobacco is a human health concern 

because tobacco leaves are used for making cigarettes. Tobacco plants naturally accumulate 

relatively high concentrations of heavy metals in their leaves and the metal bioaccumulation in 

tobacco leaves varies with geographical origin of the tobacco plants [78]. Tobacco crop is grown 

with application of commercial inorganic fertilizers especially phosphate fertilizers, which contain 

considerable concentrations of some toxic heavy metals. During growth, uptake of heavy metals 

by tobacco roots is considerable and the same are translocated from soil to leaves. During cigarette 

smoking, a fraction of heavy metals is inhaled in the smoke and thus reaches the lungs of the 

smoker. Tobacco smoke, both mainstream and side stream, is an important source of 

environmental metal exposure. Passive smoking has an important contribution in the exposure of 

children to Pb [79]. Heavy metals inhaled during tobacco smoking are easily absorbed in the body 

from lungs and reach the blood from where they may reach other parts of the body. Higher levels 

of toxic heavy metals have been reported in blood of cigarette smokers compared to that of non-

smokers.   

As stated by Dissanayake and Chandrajith [27], the application of inorganic fertilizers in 

agriculture has unfortunately become a ‘necessary evil’. Since commercial chemical fertilizers are 

usually not purified enough during the manufacturing processes, they usually contain heavy metals 

as impurities [80]. Much of the phosphate fertilizers in the world are commercially produced from 

phosphate rocks that contain the mineral apatite [Ca5(PO4)3OH,F,Cl]. Due to their geological and 

mineralogical nature, phosphate rocks contain different environmentally hazardous elements 

including Cr, Cd, Pb, Hg, As and U. Application of chemical fertilizers leads to increase in the 

concentrations of these potentially toxic heavy metals in agricultural soils [81]. A high correlation 

has been reported between concentrations of metals i.e., Cr, Ni, Cd, Pb and content of phosphate 

in fertilizers [82]. A study investigating concentrations of Cr, Mn, Fe, Ni, Cu, Zn, Sn, Cd, Pb and 

As in tobacco products in the UK has concluded that over-application of phosphate/nitrate 

fertilizers is the most likely cause of their transfer to these products [83]. However, Bozhinova 

[84] reported a limited impact of application of phosphate fertilizers on accumulation of Ni, Cu, 

Cd and Pb in soil and tobacco plants. In summary, the addition of toxic heavy metals from long-

term application of phosphate fertilizers to agricultural soils and their subsequent transfer to the 
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human food chain is a matter of great concern with respect to human health, especially in case of 

low quality phosphate fertilizers containing elevated levels of heavy metals. 

 

Human Exposure to Heavy Metals 

Humans are exposed to toxic heavy metals in the environment through different routes 

including ingestion, inhalation and dermal absorption. People are more exposed to toxic metals in 

developing countries like Pakistan [85]. Generally, people have no awareness and knowledge 

about exposure to heavy metals and its consequences for human health, especially in the 

developing countries [86]. People may be exposed to heavy metals in the work place and in the 

environment. Human exposure to toxic chemicals in the work place is called occupational 

exposure while exposure to such chemicals in the general environment is called non-occupational 

or environmental exposure. Workers are exposed to heavy metals in mining and industrial 

operations where they may inhale dust and particulate matter containing metal particles. People 

extracting gold through amalgamation process are exposed to Hg vapors. It has been reported that 

welders with occupational prolonged exposure to welding fumes had significantly higher levels of 

the heavy metals Cr, Ni, Cd and Pb in blood than the control and showed increased oxidative stress 

[87]. Cigarette smoking is also a principal source of human exposure to Cd [88] and other toxic 

heavy metals present in the tobacco leaves. 

Ingestion of heavy metals through food and drinking water is a major exposure source for 

the general human population. Industrialization, urbanization and the rapid economic development 

around the globe have led to intensification in industrial and agricultural activities. Such activities 

may cause contamination of water, air and soils with toxic heavy metals. Growing human foods in 

heavy metal-contaminated media leads to bioaccumulation of these elements in the human food 

chains from where these elements ultimately reach the human body.   
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Bioaccumulation and Biomagnification of Heavy Metals in the Human Food Chains 

Humans are omnivorous. They may be exposed to toxic heavy metals through different 

food items such as fish, cereals and vegetables etc. Heavy metal contamination in freshwater 

bodies such as rivers, lakes and streams leads to bioaccumulation of these elements in freshwater 

fish while such contamination in agricultural lands leads to bioaccumulation of these elements in 

agricultural crops. Contamination of the human food chains with toxic heavy metals poses a threat 

to human health. Certain examples from the twentieth century have shown that such contamination 

is a serious human health issue. Minamata Disease (MD) and itai-itai disease both in Japan were 

caused by consumption of Hg-contaminated fish; Cd-contaminated rice, respectively. 

 

  

 

 

Figure 1.7 Human food chain with respect to bioaccumulation of heavy metals  
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Although biomagnification of heavy metals is a controversial issue in metal ecotoxicology, 

numerous studies have reported biomagnification of heavy metals in certain food chains. In case 

of biomagnification of these metals in food chains, organisms at higher trophic levels in the food 

chains are at greater risk. Higher concentrations of trace metals in organisms of higher trophic 

levels as a result of biomagnification can pose health risk to these organisms or to their human 

consumers [89]. To protect human health from the harmful effects of toxic heavy metals, the 

human food chains should be constantly monitored for bioaccumulation and biomagnification of 

heavy metals. However, non-destructive sampling techniques and use of environmental 

biomarkers should be opted to avoid loss of biota due to analysis. Furthermore, in order to avoid 

contamination of food chains with heavy metals, untreated municipal and industrial wastewaters 

should not be drained into natural ecosystems such as rivers and farmlands [90]. 

 

Heavy Metal Toxicity 

Although some heavy metals, called essential heavy metals, play important roles in 

biological systems, they are generally toxic to living organisms depending on dose and duration 

of exposure. It is a well-known fact in toxicology that “excess of everything is bad”. Nonessential 

heavy metals (Cd, Pb, Hg) and metalloids (As etc ) may be toxic even at quite low concentrations. 

Essential heavy metals are required in trace quantities in the body but become toxic beyond certain 

limits or threshold concentrations. For some elements the window of essentiality and toxicity is 

narrow. Heavy metals have been reported to be carcinogenic, mutagenic and teratogenic. They 

cause generation of reactive oxygenic species (ROS) and thus induce oxidative stress. Oxidative 

stress in organisms leads to the development of various diseases and abnormal conditions. Heavy 

metals also act as metabolic poisons. Heavy metal toxicity is primarily due to their reaction with 

sulfhydryl (SH) enzyme systems and their subsequent inhibition e.g., those enzymes involved in 

cellular energy production [16]. Figure 1.8 shows the reaction of a heavy metal (M) with 

glutathione (GSH), an important antioxidant in the body. Here, the metal replaces H atoms from 

SH groups on two adjacent glutathione molecules. The engagement of the two glutathione 

molecules in formation of strong bond with the metal deactivates them for further reactions. 

 

2 Glutathione + metal ion (M2+) → M (glutathione)2 + 2 H+ 
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Figure 1.8 Reaction of a metal with glutathione (adapted from [91]). 

 

Effects of Toxic Heavy Metals on Human Health 

The heavy metals Cd, Pb, Hg and As deplete the major antioxidants of cells, particularly 

antioxidants and enzymes having thiol group (⎯SH). Such metals may increase the generation of 

reactive oxygen species (ROS) like hydroxyl radical (HO•), superoxide radical (O2
• −) and 

hydrogen peroxide (H2O2). Increased generation of ROS can devastate the inherent antioxidant 

defenses of cells and lead to a condition called “oxidative stress” [92]. Heavy metals, including 

Cd, Pb and Hg are nephrotoxic, especially in the renal cortex [93]. The chemical form of the heavy 

metals is important in toxicity. Mercury toxicity largely depends on Hg speciation [94]. Relatively 

higher concentrations of toxic heavy metals, i.e. Cr, Cd and Pb and relatively lower concentrations 

of the antioxidant element Se have been found in patients of cancer and diabetes compared to those 

in the normal subjects in Lahore city, Pakistan [95]. 

 

Chromium and Nickel  

Exposure to Cr causes oxidative stress with subsequent possible cellular and molecular damages 

such as genotoxic and carcinogenic effects [96]. Nickel is a human allergen and carcinogen. The 

carcinogenicity of Ni may be due to disturbance of epigenetic regulation through various 

mechanisms [97].  
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Cadmium  

Cd is a toxic heavy metal; it is persistent in the environment and tends to accumulate in the food 

chains [98]. Cd is one of the most hazardous heavy metals [99]. Cd has been called an “enigmatic 

metal”; it is toxic for nearly all life forms [100]. Cd causes nephrotoxicity; it initially causes renal 

tubular damage. Cd can also cause damage to bones (bone demineralization); the damage to bones 

may be either due to its direct effects on bones or may be indirect resulting from renal dysfunction 

[101, 102]. Kidney dysfunction caused by exposure to Cd can affect the metabolism of bone 

making elements such as Ca, thus, leading to osteoporosis [103]. Exposure to Cd at 

environmentally relevant concentrations may increase breast cancer risk because of its ability to 

activate estrogen receptor, ER [104]. Cd has endocrine disruptive effects and affects synthesis of 

sexual steroids even at quite low concentrations [105]. Higher levels of Cd in blood (BCd) and 

urine (UCd) have been reported in women than in men, which might be due to higher absorption 

of Cd in women due to low iron status [106].   

Lead  

Children are more sensitive to Pb poisoning due to their growth and metabolism. Pb poisoning 

adversely affects mental development and behavior in children of 2-4 years age. Intelligence 

Quotient (IQ) in children is negatively correlated with their blood Pb (BPb) levels [107]. 

Environmental exposure to Pb has been found associated with anemia in children. A significant 

association has been found between blood lead (BPb) levels and mild to severe anemia in children 

of 1-5 years age. A negative correlation has been found between BPb levels and blood Fe as well 

as hemoglobin (Hb) levels [108]. It has been reported that children in China having blood Pb levels 

in the range of 7.5-10 µg dL−1 had Hb levels significantly lower than those with blood Pb levels 

less than 5 µg dL−1 [109]. Pb is nephrotoxic even at blood lead (BPb) levels less than 5 µg / dL 

especially in susceptible populations e.g., patients of hypertension, diabetes and kidney [110]. A 

recent study conducted in China on a large adult population has found an association between 

blood Pb levels and an increased prevalence of cardiovascular diseases (CVD) [111]. 

 

Monitoring and Analysis in the Environment 

Monitoring of heavy metal concentrations in the environment are necessary for pollution 

assessment and control [112]. The amount (concentrations) of potentially toxic metals as well as 

metalloids should be regularly monitored in the different environmental media such as water, 
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sediments and soils as well as in the resident biota. Such environmental analysis will provide useful 

information about distribution, principal sources and fate of these elements in the environment and 

their bioaccumulation in the food chains. Such analysis is also used to assess the risk posed by 

these elements to wildlife and human health.  

 

Use of Bioindicators and Biomarkers for Assessment of Heavy Metal Pollution 

Regarding the use of bioindicators for monitoring and assessment of heavy metal pollution, 

Morgan [113] summarizes that “a more meaningful assessment of the impact of metal pollution 

may be obtained by measuring metal concentrations in selected species of the resident biota”. 

Different plant and animal species have been used as biological indicators or bioindicators to 

assess and monitor heavy metal contamination and pollution in the environment. Different 

environmental biomarkers are also used to assess and monitor pollution pertaining to heavy metals 

in the environment.    

Heavy Metal Pollution in Pakistan 

Pakistan is among the countries faced with freshwater pollution, principally due to 

discharge of untreated industrial wastewaters into rivers [114]. An extensive survey on heavy 

metal pollution in Pakistan has revealed that human population is considerably exposed to perilous 

levels of toxic metals, with the potential risk being posed to public health by Cd, Pb and As [115]. 

In Pakistan, contamination of different environmental media with heavy metals has increased with 

rapid population growth as well as increase in industrialization and urbanization [115]. As in other 

developing countries, in Pakistan, the issue of unregulated release of industrial effluents has 

become a serious environmental problem. The health hazards due to discharge of toxic heavy 

metals into waters and soils are of particular concern [116].  

It has been reported that tannery effluents were a source of toxic heavy metals and were 

contaminating both the ground water and soils in the vicinity of tanneries in Peshawar, Pakistan 

[117]. A relatively recent study has shown that the concentrations of some heavy metals i.e., Fe, 

Ni, Cd and Pb in drinking water at some locations of district Charsadda were higher than their 

respective permissible limits. The main sources of drinking water contamination in the study area 

were sewage disposal, over application of chemical fertilizers and pesticides, and transportation 

[118]. It has been recently reported that sewage irrigation caused an increase in concentrations of 

Cr, Ni, Cd and Pb (being toxic heavy metals) in soils in two districts of Punjab (Gujranwala and 



CHAPTER 1                                                                                                                   Introduction

                   

26 

 

Gujarat), Pakistan; although concentrations remained within threshold limits [119]. Another study 

investigating heavy metal pollution in two industrial areas in Lahore and Sialkot using bird feathers 

as bioindicator tool, has reported higher than threshold concentrations of Cr, Cd and Pb, which 

could affect reproductive success of birds [120]. Ali et al., [121] have reported relatively high daily 

discharges of heavy metals to agricultural soils from 72 tannery units in Sialkot; the daily 

discharges were 0.11 and 0.22 kg for Cd and Pb respectively.  

Nafees et al., [122] have reported anthropogenic activities like application of copper 

fungicides, application of compost for soil fertilization and use of sewage water for crop irrigation 

to contribute to soil contamination with the heavy metals Cu and Cd in Swat valley. Brick kilns, 

operating in the country, are a source of release of heavy metals into the air, which subsequently 

return to the land with precipitation and contaminate waters and soils [115]. A study conducted at 

village Sufaid Dheri, Peshawar, investigating the effects of brick kilns emissions on Cd 

accumulation in soils and wheat plants has shown that Cd is added to the environment from the 

brickworks emissions [123]. Khan et al., [124] have reported high contamination of soils and plants 

with Cd and Pb along roads in Peshawar. The different sources of heavy metals in Pakistan are 

depicted in the following scheme. 

  

 

Figure 1.9 Schematic representation of sources of heavy metal pollution in Pakistan (after Shakir 

et al., [115]) 
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Comparatively higher background concentration values of the toxic heavy metals have been 

reported in biological fluids and tissues of the general population in Pakistan [125]. Heavy metal 

pollution has negative effects on wildlife and human health. Heavy metal (e.g., Cr, Cd and Pb) 

concentrations well above threshold levels have been reported by Malik and Zeb [126], which can 

adversely affect birds and cause hazard to the population of cattle egrets (Bubulcus ibis) in 

Pakistan.  

  

Contamination of Aquatic Ecosystems by Heavy Metals in Pakistan 

Freshwater ecosystems such as rivers, lakes and streams are very important ecosystems on 

the planet and have a great economic importance. Freshwater ecosystems of Pakistan have been 

affected by rapid industrialization and urbanization [127]. In Pakistan, wastewaters are directly 

discharged to the nearby water body or open land without any pre-treatment which causes water 

pollution [128]. Rivers are vitally important and vulnerable freshwater ecosystems, which are 

critically important for sustainability of life. The deteriorating quality of the waters of these 

freshwater ecosystems is a threat to their sustainability [129]. Contamination of aquatic ecosystems 

by heavy metals is of public health concern because some of them accumulate in aquatic organisms 

including fish, which are consumed by humans [130]. Quantification of heavy metals in fish is 

important in order to assess water pollution and its associated risks to human health [131]. In 

Pakistan, water pollution has become a serious problem with rapidly increasing industrialization. 

Industrial effluents as well as domestic sewage are continuously discharged into rivers. These 

discharges contain toxic heavy metals. Such discharges into Pakistani rivers have adversely 

affected freshwater fisheries [132]. Industrially polluted waters are currently discharged into water 

bodies without pretreatment [133].  

Aquatic pollution is a serious threat of equal intensity to wildlife and human health. 

Pakistan is a rapidly developing economy in the region and is faced with the problem of aquatic 

pollution in its rivers. In Khyber Pakhtunkhwa province, River Kabul is a major river, which is 

considered as a polluted water body in the area. This river is getting polluted [134]; the cause of 

pollution being the discharge of domestic and industrial wastewaters, agricultural runoff and direct 

dumping of solid wastes into the river [129]. Heavy metal pollution in this river may be one of the 

main reasons for the rapid and drastic population decline of the endangered freshwater fish Tor 

putitora in this river [135, 136]. Previously, sub-lethal heavy metal pollution has been reported 
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from River Kabul with effects on the inhabitant fish populations and consequently on the river 

productivity [137]. Contamination of aquatic ecosystems with heavy metals leads to their 

bioaccumulation in aquatic biota including fish. It has been reported that marble industry effluents 

have caused increased bioaccumulation of toxic metals in various tissues of the fish Tor putitora 

at effluent-receiving site of River Barandu in district Buner [138].  

River Kabul passes through the populous areas of Peshawar, Charsadda and Nowshera. 

Industrial effluents and domestic sewage from Peshawar city cause pollution in River Kabul. 

Different researchers have investigated the load of pollutants in wastewaters from Hayatabad 

Industrial Estate (HIE), Peshawar. The different industries in Hayatabad Industrial Estate 

Peshawar include ghee, glass, marble, match, paper, pharmaceutical, soap and steel [139]. Khan 

et al., [140] have reported heavy metal concentrations in wastewaters from different industries at 

HIE and the flow rates of the wastewaters, which are given in Figures 1.10 and 1.11 respectively. 

 

 

 

Figure 1.10 Metal concentrations in effluents of different industries at Hayatabad Industrial 

Estate Peshawar (based on data in Khan et al., [140]) 
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Figure 1.11 Flow rate of wastewaters from different industries at Hayatabad Industrial Estate 

Peshawar (based on data in Khan et al., [140]) 

 

The Hayatabad Industrial Estate (HIE) Peshawar discharges an average of 304 cusecs per 

day of untreated wastewater into River Bara, which ultimately joins River Kabul. Recently, the 

daily discharges of wastewaters from two paper mills at HIE have been reported as 1936.4 and 

2489.5 m3. The concentrations of Cr, Ni, Cd and Pb in the effluents of these paper mills were 2.11-

3.20, 0.01-0.03, 0.10-0.30 and 1.01-1.50 mg L−1 respectively [141]. The concentrations of Cr, Cd 

and Pb in these untreated wastewaters were above the National Environmental Quality Standards 

(NEQS) limits of these metals in wastewaters set by Pak-EPA [142]. Tariq et al., [117] have 

studied concentrations of some heavy metals in tannery effluents in Peshawar. They reported Cr, 

Ni, Cd and Pb concentrations of 51.70, 0.671, 0.069 and 0.646 mg L−1 respectively. These effluents 

were discharged without any pretreatment and were the source of heavy metal pollution for both 

groundwater and soils in the vicinity of the tanneries. Regarding contamination in sediments, 

generally, contamination of river sediments has been sparsely studied in Pakistan [41]. 

 

Some Previous Studies on Water of the Study Rivers 

Previously, some studies have been conducted to investigate the physicochemical parameters of 

waters of the study rivers. Khan and Khan [143] have studied the water quality of River Kabul 
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under high flow conditions. Khan et al., [144] have conducted pollution study of River Kabul. 

Khan et al., [145] have conducted a study of River Kabul and its tributaries for assessment of 

organic pollution and fecal coliform. Muhammad et al., [146] have conducted a limnological 

survey of River Swat. Muhammad et al., [147] have conducted a physicochemical analysis of River 

Swat water at Batkhela.   

Khan et al., [148] investigated health risks due to consumption of drinking water, both 

surface water and groundwater, along River Swat at selected locations Madyan, Fatehpur, 

Khwazakhela, Charbagh and Mingora. The reported data reveal that concentrations of Cr, Ni, and 

Cd in surface waters (river) were above the permissible limits set by Pak-EPA and WHO while 

concentrations of Mn, Cu and Zn in surface waters (river) were within the limits set by these 

regulatory agencies (Figure 1.12). They suggested both geologic and anthropogenic activities in 

the study area as the probable sources of contamination of water with the above-mentioned metals. 
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Figure 1.12 Selected heavy metals (mg L−1) in surface water (river) of Swat (based on data in 

Khan et al., [148]) and their comparison with permissible limits set by Pak-EPA [142] and WHO 

[149]    
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The permissible limits for some potentially toxic heavy metals set by Pak-EPA [142] and WHO 

[149] are listed in Table 1.4. 

Table 1.4 Permissible limits for drinking water quality 

Metal 
Concentration (mg L−1) 

Pak-EPA (2008)  WHO (2006) 

Cr ≤ 0.05 0.05 

Ni ≤ 0.02 0.07 

Cd 0.01 0.003 

Pb ≤ 0.05 0.01 

Mn ≤ 0.5 0.4 

Cu 2.00 2.00 

Zn 5.00 3.00 

Pak-EPA (2008) [142] 

WHO (2006) [149] 

 

Rationale of the Study 

In order to minimize the adverse effects of toxic heavy metals on human health, regular monitoring 

of toxic heavy metals in the aquatic organisms and the fish consumer human population is strongly 

recommended [150]. Some heavy metals e.g., Cd and Pb, are biologically non-essential, are highly 

toxic, and have important ecotoxicological effects on wildlife and human health. Therefore, it is 

important to monitor the concentrations of these metals in the environment [151]. The present 

research work aims to assess the bioaccumulation of selected heavy metals i.e., Cr, Ni, Cd and Pb 

in freshwater fish, rice and tobacco along rivers in Malakand Division and River Kabul, Khyber 

Pakhtunkhwa, Pakistan. These elements have been selected for this study because these elements 

are referred to as toxic elements [152]. As far as the selection of biota is concerned, these living 

groups have been selected because fish and rice serve as gateway for entry of toxic heavy metals 

into human food chain for the general population while tobacco is an additional source of exposure 

to them for tobacco smokers. Cadmium will be of special interest because it is one of the most 

toxic heavy metals and can easily move into the food chains. This metal has been classified as a 

“priority pollutant” from both human health perspective and from a broader ecosystem viewpoint 

[153]. 
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Nature and Scope of the Study 

This study is interdisciplinary in nature and requires background knowledge in environmental 

chemistry, ecotoxicology and ecology. Analysis of xenobiotics such as toxic heavy metals in food 

chains is an important study area and has environmental, ecological and economic importance. It 

has a scope for public health. This study involves aquatic chemistry, which has a scope for public 

health as remarked by Johnston [154] “aquatic chemistry is a fundamental element of public 

health”. Bioaccumulation data of toxic heavy metals in fish and rice will be used for health risk 

assessment for the general human population. The study will provide baseline data for future 

environmental studies in the study area. 

 

Aims and Objectives of the Study 

The general and specific aims and objectives of the study are listed below. 

General 

i. Study of heavy metal pollution in the selected area. 

ii. Study of risk from heavy metals to ecosystem and human health. 

Specific 

i. Assessment of bioaccumulation of the selected heavy metals in the study area. 

ii. Evaluation of sources of the selected heavy metals in the study area. 

iii. Comparison of heavy metal contamination along the selected rivers. 
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Materials and Methods 

 

Study Area 

This research work was conducted in different selected areas of Khyber Pakhtunkhwa province, 

Pakistan. The selected freshwater bodies included River Swat, River Panjkora, and River Barandu 

in Malakand Division, River Kabul and River Shah Alam (a tributary of River Kabul) in Khyber 

Pakhtunkhwa, Pakistan. These five rivers are important freshwater bodies in northern Pakistan. 

Figure 2.1 shows a map of Pakistan with the districts of Khyber Pakhtunkhwa province while 

Figure 2.2 shows a map of Khyber Pakhtunkhwa province with the study districts in Malakand 

Division. 

 

 

 

Figure 2.1 Map of Pakistan showing the districts of Khyber Pakhtunkhwa 
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Figure 2.2 Map of Khyber Pakhtunkhwa showing the study districts in Malakand Division 

 

A brief description of the five rivers is presented below. 

River Swat 

River Swat originates in Swat Kohistan region of Kalam with the confluence of its two main 

tributaries Ushu and Gabral. It flows downstream in Swat valley for 160 km up to Chakdara in 

district Dir Lower. The river joins River Panjkora at Bosaq at the junction of district Malakand, 

district Dir Lower and Bajaur Agency from where it flows downstream as River Swat and finally 

empties into River Kabul in district Charsadda. The total length of the river is 240 km and has a 

basin area of 14,000 km2 (Wikipedia 2018). A part of its water has been diverted at Badwan 

Headworks near Batkhela for irrigation in the districts of Malakand, Swabi, Mardan and Charsadda 

and for power generation in Malakand hydroelectric power stations. The river plays an important 

role in the economy of the valley. It irrigates large areas of district Swat, district Malakand and 

district Dir Lower. The river provides habitat for different fish and bird species and has major 

contribution in the local fish catch in the region. Figure 2.3 shows a map of River Swat. 
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Figure 2.3 Map of River Swat  

 

River Panjkora 

River Panjkora flows south through the two districts, Dir Upper and Dir Lower. Its length is 220 

km (Wikipedia). It joins River Swat at Bosaq at the junction of district Dir Lower, district 

Malakand and Bajaur Agency, from where the water body flows downstream as River Swat and 

finally joins River Kabul in district Charsadda. Figure 2.4 shows a map of River Panjkora. 
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Figure 2.4 Map of River Panjkora 

 

River Barandu 

River Barandu flows in district Buner. It is a relatively less known water body in Malakand 

Division. Some people consider it as a stream rather than a river. Figure 2.5 shows a map of River 

Barandu. 

 

Figure 2.5 Map of River Barandu 
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River Kabul 

This river enters Pakistan at Shalman, Khyber Agency. The two main tributaries of River Kabul 

are River Chitral and River Swat [155]. River Kabul and its tributaries receive untreated industrial 

effluents and domestic sewage from the surrounding areas, which cause both organic and inorganic 

pollution in the river [156]. Untreated wastewaters from all the industries in Peshawar are 

discharged into River Bara. The discharge of untreated highly polluted industrial wastewaters 

results in pollution of River Kabul. River Kabul is further polluted down the stream by effluents 

from industries near Nowshera, further deteriorating its water quality [140]. River Kabul has rich 

ichthyofaunal and other biota diversity and is a main fishing source for the residents [157]. The 

wetlands of this river provide wintering habitats to various bird species migrating from Siberia. It 

has been reported that nearly 80 different industries discharge their untreated wastewaters into this 

river directly or indirectly. These industrial units include oil and ghee, paper, pharmaceutical, soap, 

sugar, textile and also tanneries. The release of industrial effluents into this river has caused decline 

in fish populations, especially in populations of Mahaseer, Tor putitora [158]. Figure 2.6 shows a 

map of River Kabul while Figure 2.7 shows an overall map of all the five rivers. 

 

River Shah Alam 

River Shah Alam is a tributary of River Kabul and receives sewage from Peshawar city through 

Ganda Erab and Budni Nalla and from 30 villages in the surroundings. Therefore, River Shah 

Alam is considered as a more polluted river [114]. 
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Figure 2.6 Map of River Kabul (adapted with permission from Siraj et al., [159]) 
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Figure 2.7 Map of all five study rivers in Khyber Pakhtunkhwa, Pakistan (adapted from 

Muhammad et al., [147], used with permission) 

 

The names and geographic coordinates of the sampling sites on the five rivers are listed in Table 

2.1. 
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Table 2.1 Names and geographic coordinates of the sampling sites on River Swat, River 

Barandu, River Panjkora, River Kabul and River Shah Alam, Pakistan 

 

S. No. Site name Latitude Longitude 

River Swat 

1 Khwazakhela 34°5558 N 72°2657 E 

2 Kabal 34°4720 N 72°1757 E 

3 Chakdara 34°3944 N 72°0351 E 

4 Batkhela* 34°3658 N 71°5801 E 

River Barandu 

1 Toor Warsak 34°3052 N 72°2205 E 

2 Elai 34°2946 N 72°2509 E 

3 Daggar 34°2915 N 72°3008 E 

4 Dewana Baba 34°2803 N 72°3457 E 

River Panjkora 

1 Khall 34°5316 N 71°5802 E 

2 Khazana 34°4727 N 71°4813 E 

3 Shagukas  34°4546 N 71°4818 E 

River Kabul 

1 Warsak Dam 34°0958 N 71°2113 E 

2 Sar Daryab 34°0747 N 71°4122 E 

3 Nowshera 34°0027 N 71°5855 E 

4 Jahangira  33°5705 N 72°1326 E 

River Shah Alam 

1 Shah Alam 34°0404N 71°3854E 

*site on a canal from River Swat 

 

Selected Heavy Metals 

Heavy metal pollutants most common in the environment are Pb (p-block) and Cr, Mn, Ni, Cu, 

Zn, Cd (d-block metals) [160]. In 2009, China suggested four metals i.e., Cr, Cd, Pb, Hg, and the 

metalloid As as the highest priority pollutants for control in the “12th 5-year plan for 
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comprehensive prevention and control of heavy metal pollution” [161]. Therefore, the four 

potentially toxic heavy metals selected in this study were Cr, Ni, Cd and Pb. Figure 2.8 shows 

Periodic Table of Elements with the heavy metals selected for this study as highlighted. 

 

 

Figure 2.8 Periodic Table of Elements. Selected heavy metals of the current study are shown in 

bold. 

 

Collection of Samples 

Samples of different available species of freshwater fish, rice (Oryza sativa), tobacco (Nicotiana 

tabacum), water, sediments and soil were collected along the study area. Samples were collected 

according to Csuros and Csuros [16] at different pre-selected sites along the study area in order to 

assess the effect of pollution sources on metal accumulation in the samples. After collection, 

samples were processed as per literature procedures. Samples of the following freshwater fish 

species were collected from the study rivers: 

i. Channa gachua ii. Clupisoma naziri iii. Crossocheilus diplocheilus iv. Cyprinus carpio v. Garra 

gotyla vi. Glyptothorax cavia vii. Glyptothorax punjabensis viii. Glyptothorax stocki ix. 

Mastacembelus armatus x. Schizothoraichthys esocinus xi. Schizothorax esocinus and xii. 

Schizothorax plagiostomus.    
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Sample Preparation for the Analysis of Respective Heavy Metals 

The different environmental samples were prepared for heavy metal analysis through wet digestion 

method using concentrated acids HNO3, HClO4 and HCl. Fish samples were processed on wet 

weight basis while plant, sediments and soil samples were processed on dry weight basis. Water 

samples were processed after acidification by concentrated HNO3. Details are given below: 

 

Water Samples 

Water samples were prepared for AAS analysis according to Jan et al., [162] with some 

modifications: A 50 mL unfiltered well-mixed water sample was taken in a 100 mL beaker. To 

this sample, a volume of 5 mL concentrated (65%) HNO3 was added and the resultant solution 

was reduced to 50 mL by evaporating an excess of water and other volatile materials on a hot plate 

at 80°C. 

 

Sediment and Soil Samples 

The sediment and soil samples were dried in open air at room temperature. These dried samples 

were crushed and passed through a < 2 mm sieve [35]. The  aqua regia (HCl:HNO3, 3:1) was used 

for digestion of these dry samples [163]. 

 

Fish Samples 

Metal levels were determined in muscle tissue because this tissue is considered to represent a stable 

pool of trace metals in fish [89]. For preparation of fish samples, wet digestion method was applied 

using acid mixture of HNO3 and HClO4. While comparing dry ashing and wet digestion methods 

for determination of metals in freshwater fish samples, Ansari et al., [164] have recommended wet 

digestion method using an acid mixture for accurate determination of metals by flame atomic 

absorption spectrophotometry (FAAS). Carvalho et al., [152] have also recommended FAAS for 

determination of toxic elements in fish samples. 

 

  



CHAPTER 2                                                Materials and Methods 

44 

 

Plant Samples 

The rice and tobacco plants were thoroughly washed with tap water to remove adhering dust and 

soil particles and then rinsed with distilled water. They were separated into roots, stem, leaves and 

grains (rice only). The separated plant parts were placed in paper bags in the oven and dried at 

105°C until constant weight and then finely ground with mortar and pestle. A 0.5 g dried and finely 

powdered plant sample was digested with 7.5 mL HNO3 (65%) and 2.5 mL HClO4 (70%). The 

digestate was filtered and the filtrate volume was raised to 50 mL with distilled water. 

Fertilizer Samples 

The digestion of fertilizer samples was carried out according to the literature procedure, Ukpabi et 

al., [82] with slight modifications: A 100 mL beaker was charged with 0.5 g sample of the chemical 

fertilizer. After testing sample digestion using different acids/combinations of acids, the samples 

were digested in 10 mL of aqua regia (mixture of HCl and HNO3 in 3:1 ratio). After heating up to 

80C on a hot plate, the temperature of solution was allowed to reach gradually to room 

temperature. The resultant solution was filtered for separation of possible undissolved materials. 

The filtrate was diluted to 50 mL by adding the required amount of distilled water. 

 

The preparation of the different environmental samples for AAS is summarized in Figure 2.9. 
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Figure 2.9 Schematic showing the preparation of the different environmental samples for AAS 



CHAPTER 2                                                Materials and Methods 

46 

 

 

 

Figure 2.10 Author in laboratory 

 

Determination of Selected Metals 

The selected heavy metals (Cr, Ni, Cd and Pb) were determined in the above stated prepared 

samples by Atomic Absorption Spectrophotometer (AAS). The AAS technique is a major tool for 

determination of metal concentrations in environmental monitoring. This analytical technique has 

good precision and accuracy [165].   

 

Quality Assurance/Quality Control (QA/QC) 

Quality control check was performed to assure the accuracy of the metal analysis. Due to non-

availability of certified reference materials (CRMs) in the laboratory, recovery studies were 

conducted using standard spiking method as reported by [163]. The following recoveries were 
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obtained for the analyzed metals from reference materials (standards). Percent recovery was 

calculated by the following equation [166]: 

% 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =  
𝑀𝑒𝑎𝑛𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒

𝑀𝑒𝑎𝑛𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑 𝑣𝑎𝑙𝑢𝑒
 × 100      ∙ ∙ ∙ ∙ ∙ ∙ ∙  (2.1) 

 

Table 2.2 Metal recoveries from reference materials (standards) 

Metal 
Concentration (ppm) 

% Recovery 
Measured Standard 

Cr 4.980 5.000 99.60 

Ni 1.960 2.000 98.00 

Cd 1.975 2.000 98.75 

Pb 0.985 1.000 98.5 

 

Calculation of Metal Pollution Index (MPI)  

The MPI shows the gross accumulation of metals in a sample. It is calculated by the following 

equation [167, 168]: 

𝑀𝑃𝐼 (𝜇𝑔 𝑔−1) = (𝐶𝑓1  × 𝐶𝑓2  × ∙ ∙ ∙ ∙ ∙ ∙ ∙ × 𝐶𝑓𝑛)
1

𝑛⁄      ∙ ∙ ∙ ∙ ∙ ∙ ∙ (2.2) 

where Cfi is the concentration of metal i in the given sample. 

A higher value of MPI indicates greater cumulative accumulation of metals in the sample [167]. 

  

Calculation of Bioaccumulation Factor  

Bioaccumulation factor (BAF) is the ratio of metal concentration in an organism tissue to that in 

the ambient medium (water, sediments). BAF is calculated either with respect to metal 

concentration in water or sediments. For example, Fang et al., [169] calculated BAF according to 

the following formula: 

𝐵𝐴𝐹 =  
𝐶𝑓𝑖𝑠ℎ

𝐶𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑠
      ∙ ∙ ∙ ∙ ∙ ∙ ∙  (2.3) 

 

where Cfish = metal concentration in fish  

and Csediments = metal concentration in sediments 
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Calculation of Bioconcentration Factor  

The amount of metals transferred from soil to rice and tobacco plants was quantified in terms of 

bioconcentration factor (BCF), which is a ratio of metal concentration in plant above-ground part 

to its concentration in soil and is calculated by the following equation: 

𝐵𝐶𝐹 =  
𝐶𝑝𝑙𝑎𝑛𝑡 

𝐶𝑠𝑜𝑖𝑙
      ∙ ∙ ∙ ∙ ∙ ∙ ∙  (2.4) 

where Cplant is metal concentration in plant (grains/leaves) and Csoil is metal concentration in soil. 

 

Human Health Risk Assessment  

Risk to human health, from consumption of heavy metal-contaminated food, is assessed through 

calculation of certain indices and their comparison with permissible limits for the specific heavy 

metals set by international organizations especially Food and Agriculture Organization (FAO) and 

World Health Organization (WHO). 

 

Fish Intake 

Although fish is a popular dish in Pakistan, a comparison with other countries of the world shows 

that its annual consumption per capita in Pakistan is lowest; approximate value is 2 kg compared 

to average of 17 kg. The most important reason for low fish consumption in District Charsadda, 

Khyber Pakhtunkhwa, has been reported to be the high cost of fish [170]. Information on daily fish 

intake in the study area was not available, therefore, daily fish intake was considered as 10 

g/person/day or 70 g/person/week for the general population with low daily fish intake and average 

adult body weight of the consumer was considered as 60 kg as reported for fish from River Chenab, 

Pakistan [150]. 

 

Daily Intake of Metal  

Daily Intake of Metal (DIM) is calculated by the following equation [163]: 

𝐷𝐼𝑀 =  
𝐶𝑚𝑒𝑡𝑎𝑙 × 𝐶𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐷𝑓𝑜𝑜𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝐵𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
      ∙ ∙ ∙ ∙ ∙ ∙ ∙  (2.5) 

where  Cmetal = metal concentration in food 

Cfactor = conversion factor (between dry and wet weights) 

Dfood intake = daily intake of food 

and  Baverage weight = average body weight of the respective consumer 
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An alternate quantitative term is the estimated daily intake (EDI), which is calculated by the 

following equation [171]: 

𝐸𝐷𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑑

𝐵𝑊
       ∙ ∙ ∙ ∙ ∙ ∙ ∙ (2.6) 

where Cm = metal concentration in food 

IRd = daily ingestion rate of the food 

and  BW = average body weight of the consumer 

 

Estimated weekly intake (EWI) was calculated by the following equation [172]:  

𝐸𝑊𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑤

𝐵𝑊
       ∙ ∙ ∙ ∙ ∙ ∙ ∙ (2.7) 

where Cm = metal concentration in fish (μg g−1) 

IRw = weekly ingestion rate (g week−1) 

BW = body weight in kg 

 Dietary exposure is expressed as μg kg−1 bw. 

 

The EWI values of the heavy metals were compared with their respective PTWI values set 

by FAO/WHO. EWI values higher than their respective PTWI values were marked with an 

asterisk. The PTWI values for the studied heavy metals are listed in Table 2.3, where such values 

for Cu and Zn have also been listed for comparison. 

 

Table 2.3 Heavy metals in terms of provisional tolerable weekly intake (PTWI) 

Heavy Metal PTWI (μg/kg bw/week) 

Cr --- 

Ni 35a 

Cd 7b 

Pb 25b 

Cu 3500b 

Zn 7000b 

aWHO [173]  

bFAO/WHO [174] 
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Heavy Metal Concentrations in River Water and Sediments 

 

Heavy Metal concentrations in River Water  

The concentrations of the selected heavy metals in water of the selected four rivers are given in 

Table 3.1. From the table, the following trends can be seen about the order of average metal 

concentrations in river water: 

River Swat: Ni > Pb > Cr > Cd 

River Barandu: Pb > Ni > Cr > Cd 

River Panjkora: Ni > Cr  Pb > Cd 

River Kabul: Ni > Pb > Cr > Cd 

 

Generally, Ni had highest average concentration in water and Cd had lowest; Pb and Cr 

had intermediate average concentrations in water. Regarding site-wise comparison, metal 

concentrations did not differ significantly for all metals for all four rivers except for Ni and Cd 

concentrations at River Kabul. Ni and Cd concentrations in water at River Kabul increased 

downstream except Ni concentration at Nowshera, which showed lowest concentration. Increase 

in metal concentrations in river water downstream can be expected because of input of these 

elements into the river water as a result of anthropogenic activities such as discharge of industrial 

effluents and domestic sewage, agricultural run-off and deposition (wet and dry) from atmosphere. 

However, these metals may also be released from natural sources such as weathering of metal-

containing rocks. Regarding river-wise comparison in average metal concentrations in water, the 

following trends were observed: 

 

Cr: River Barandu  River Panjkora > River Kabul > River Swat 

Ni: River Kabul > River Swat > River Panjkora > River Barandu 

Cd: River Panjkora > River Swat > River Kabul = River Barandu 

Pb: River Barandu > River Kabul  River Swat > River Panjkora 

 

These trends in average metal concentrations in water were quite inconsistent. Higher Cr and Pb 

concentrations in River Barandu water may be due to input from marble industry effluents.  
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Table 3.1 Heavy metal concentrations in river water at different sampling sites 

 

Site 
Metal concentration (mg L−1) 

Cr Ni Cd Pb 

River Swat 

Khwazakhela 0.220 ± 0.096 0.927 ± 0.136 0.030 ± 0.012 0.590 ± 0.318 

Kabal 0.207 ± 0.083 0.633 ± 0.511 0.030 ± 0.014 0.517 ± 0.240 

Chakdara 0.140 ± 0.036 0.653 ± 0.266 0.033 ± 0.010 0.453 ± 0.468 

Batkhela 0.273 ± 0.035 0.700 ± 0.375 0.033 ± 0.013 0.310 ± 0.144 

Average 0.210 0.728 0.032 0.468 

River Barandu 

Toor Warsak 0.233 ± 0.110 0.653 ± 0.560 0.033 ± 0.003 0.327 ± 0.282 

Elai 0.270 ± 0.020 0.760 ± 0.635 0.021 ± 0.006 0.450 ± 0.407 

Daggar 0.607 ± 0.397 0.482 ± 0.489 0.027 ± 0.004 0.853 ± 0.464 

Dewana Baba 0.303 ± 0.203 0.044 ± 0.051 0.032 ± 0.006 0.513 ± 0.170 

Average 0.353 0.485 0.028 0.536 

River Panjkora 

Khall — — — — 

Khazana 0.367 ± 0.147 0.594 ± 0.192 0.041 ± 0.010 0.227 ± 0.081 

Shagukas 0.337 ± 0.324 0.501 ± 0.460 0.045 ± 0.003 0.473 ± 0.246 

Average 0.352 0.548 0.043 0.350 

River Kabul 

Warsak Dam 0.287 ± 0.025 0.757 ± 0.465ab 0.015 ± 0.005b 0.337 ± 0.231 

Sar Daryab 0.157 ± 0.040 1.573 ± 0.716ab 0.023 ± 0.008ab 0.337 ± 0.193 

Nowshera 0.480 ± 0.257 0.368 ± 0.294b 0.038 ± 0.009a 0.810 ± 0.197 

Jahangira   0.237 ± 0.071 2.120 ± 0.799a 0.037 ± 0.008a 0.420 ± 0.277 

Average 0.290 1.204 0.028 0.476 

 

Results are shown as mean of three replicates ± standard deviation (SD). Means in a column, 

within each category, followed by different letters are significantly different at p ≤ 0.05 (One Way 

ANOVA, Tukey Test). 
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A literature survey of heavy metal concentrations in surface and groundwater across Pakistan 

shows the concentration ranges of Cr, Ni, Cd and Pb listed in Table 3.2. 

 

Table 3.2 Heavy metal concentrations reported for surface and groundwater samples from 

Pakistan (Waseem et al., [175] and references therein) 

 

Heavy metal 
Concentration in water (mg L−1) 

Surface water Groundwater 

Cr 0.160-0.290  0.001-9.80 

Ni  0.001-1.520  0.001-3.66 

Cd BDL-0.200 0.001-0.210 

Pb —  0.001-4.7 

BDL = blow detection limit 

 

A comparison of Table 3.1 and Table 3.2 shows that our reported heavy metal concentrations in 

water of the study rivers generally fall within the ranges reported in Table 3.2. 

 

Figure 3.1 shows a comparison of heavy metal concentrations in waters of the four rivers. 
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Figure 3.1 Comparison of heavy metal concentrations in water among the four rivers  

 

Very high variability of trace metal concentrations in natural waters has been attributed to 

natural processes [176]. The concentration of Pb in natural waters has been reported to be as high 

as 0.4-0.8 mg L−1, mostly from natural sources, such as galena (lead sulfide, PbS) deposits [16]. 

Alam et al., [177] reported Cu concentration of 0.562 mg L−1 in the water of River Swat. Khan et 

al., [148] studied the health risks due to use of surface water (river) of Swat. They reported that 

contamination of water with Cr and Ni is probably due to weathering of some rocks (mafic and 

ultramafic), mining, agricultural and industrial activities while contamination with Cd may be due 
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to weathering of schistose rocks. It has been reported that, the concentrations of Ni, Cd, and Pb in 

Jijal, Dubair and Alpuri areas of Kohistan region, northern Pakistan, were higher than their 

respective permissible limits set by WHO and Pak EPA, in 2%, 7%, and 29% of water samples, 

respectively. The major sources of contamination of water in the Kohistan region, northern 

Pakistan, were both geogenic and anthropogenic activities [178].  

Tariq et al., [179] reported Cr, Ni, Cd and Pb concentrations of 0.012 ± 0.003, 0.061 ± 

0.020, 0.010 ± 0.002, and 0.107 ± 0.032 mg L−1 respectively in water of Tarbela Reservoir, 

Pakistan. Usman et al., [180] reported Cr, Cu, Zn, Cd and Pb concentrations of 0.0-2.11, 1.0-3.87, 

4.11-7.11, 0.42-1.46 and 0.06-4.41 ppm respectively in water of River Kabul, which are far greater 

than our reported heavy metal concentrations in water of this river. Considerable variation has 

been recorded in the concentrations of heavy metals in the water of River Ravi due to variability 

in the discharges of untreated industrial and sewage wastewaters into the river [181]. 

In Pakistan, water pollution is among the main threats to public health. Surface and 

groundwater drinking sources are contaminated with various pollutants including toxic heavy 

metals all over the country [128]. It has been reported in the literature that in many cases, the levels 

of all heavy metals (except Cu and Zn) in water, exceed their threshold levels set by WHO. The 

frequently encountered and high-level occurrence of Cr, Fe, Ni, Cd and As is alarming [128].   

 

Heavy Metal concentrations in River Sediments 

The concentrations of the selected heavy metals in sediments of the four rivers are given in Table 

3.3. For River Swat, the average concentrations of Cr, Ni, Cd and Pb were 46.1, 68.5, 3.0 and 78.8 

ppm dry weight respectively. The order of average concentrations of these heavy metals was: Pb 

> Ni > Cr > Cd. The mean heavy metal concentrations in the river sediments generally increased 

downstream, with some exceptions. For River Barandu, the average concentrations of Cr, Ni, Cd 

and Pb were 65.2, 132.4, 2.7 and 56.5 ppm dry weight respectively. The order of average 

concentrations of these heavy metals was: Ni > Cr > Pb > Cd. Mean heavy metal concentrations 

in sediments of this river showed random variations when going from upstream to downstream 

except for Cd, which almost linearly increased downstream. 
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Table 3.3 Heavy metal concentrations in river sediments at different sampling sites 

 

Site 
Metal concentration (mg kg−1 dry weight) 

Cr Ni Cd Pb 

River Swat 

Khwazakhela 36.7 ± 5.1 63.7 ± 15.3 2.2 ± 0.53 28.3 ± 25.0 

Kabal 33.0 ± 9.6 60.7 ± 59.2 2.9 ± 1.4 67.3 ± 48.7 

Chakdara 47.7 ± 49.2 18.7 ± 11.8 2.8 ± 0.76 89.3 ± 25.2 

Batkhela 67.0 ± 84.4 131.0 ± 74.0 4.0 ± 1.9 130.0 ± 131.1 

Average 46.1 68.5 3.0 78.8 

River Barandu 

Toor Warsak 78.7 ± 42.7 211.0 ± 101.3 2.0 ± 0.51 48.0 ± 48.5 

Elai 109.0 ± 38.2 195.7 ± 55.0 2.8 ± 0.93 77.0 ± 22.5 

Daggar 20.0 ± 10.5 53.4 ± 26.8 3.2 ± 0.91 69.7 ± 60.4 

Dewana Baba 53.3 ± 21.5 69.6 ± 35.1 2.8 ± 1.0 31.3 ± 32.0 

Average 65.2 132.4 2.7 56.5 

River Panjkora 

Khall 57.0 ± 23.4 57.0 ± 41.4 4.2 ± 2.0 95.7 ± 86.0 

Khazana 76.7 ± 26.0 25.2 ± 14.0 2.7 ± 0.50 47.3 ± 59.5 

Shagukas 37.3 ± 25.0 37.1 ± 23.6 4.4 ± 0.50 51.7 ± 12.1 

Average 57.0 39.7 3.8 64.9 

River Kabul 

Warsak Dam 78.3 ± 36.5 61.3 ± 51.2b 4.0 ± 0.45a 24.0 ± 12.8 

Sar Daryab 25.0 ± 4.4 251.7 ± 62.1a 3.3 ± 1.4ab 5.5 ± 2.3 

Nowshera 88.7 ± 72.9 56.1 ± 26.4b 3.8 ± 0.65ab 9.0 ± 11.4 

Jahangira   23.3 ± 7.2 179.7 ± 67.1ab 1.8 ± 0.23b 29.0 ± 16.5 

Average 53.8 137.2 3.2 16.9 

 

Results are shown as mean of three replicates ± standard deviation (SD). Means in a column, 

within each category, followed by different letters are significantly different at p ≤ 0.05 (One Way 

ANOVA, Tukey Test). 
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For River Panjkora, the average concentrations of Cr, Ni, Cd and Pb were 57.0, 39.7, 3.8 

and 64.9 ppm dry weight respectively. The order of average concentrations of these heavy metals 

was: Pb > Cr > Ni > Cd. Like River Barandu, mean heavy metal concentrations in sediments of 

this river also showed random variations when going from upstream to downstream. 

The concentrations of Cr, Ni, Cd and Pb in the River Kabul sediments were in the range of 

23.3 to 88.7, 56.1 to 251.7, 1.8 to 4.0, and 5.5 to 29.0 mg kg−1 dry weight respectively. The average 

concentrations of the four heavy metals in the river sediments followed the order: Ni > Cr > Pb > 

Cd. The concentrations of the four heavy metals in the river sediments did not show consistent 

trend of change from upstream site to downstream site. Heavy metal concentrations in sediments 

are affected by different factors including input from different natural and anthropogenic sources 

as well as different physicochemical parameters in the aquatic environment. Tariq et al., [179] 

have reported Cr, Ni, Cd and Pb concentrations of 12.5 ± 3.7, 121.4 ± 32.1, 1.3 ± 0.33, and 0.12 ± 

0.04 ppm dry weight respectively in sediments of Tarbela Reservoir, Pakistan. Kumar et al., [66] 

have reported Cr, Ni and Pb concentrations of 20, 25 and 18 ppm dry weight respectively in 

sediments of a sewage fed fish pond in eastern Kolkata, India. Gupta et al., [182] have reported 

Cd and Pb concentrations of 0.14-1.40 and 4.28-8.40 ppm respectively in sediments from river 

Ganges, India. Very recently, Mohammed et al., [183] have reported Cr, Ni, Cd and Pb 

concentrations in sediments of three rivers in Trinidad, West Indies as 12.8–33.0, 8.2–43.1, 0.40–

2.3 and 22.6–38.3 μg g−1 respectively. Our reported heavy metal concentrations are higher than or 

comparable to those reported by these studies. 

River Kabul is considered a relatively more polluted river in the study area. However, 

higher heavy metal concentrations found in sediment samples at the most upstream site (Warsak 

Dam) cannot be attributed to anthropogenic sources only. These higher concentrations may be due 

to weathering of metal-containing rocks i.e., lithogenic sources. Higher levels of heavy metals in 

sediments of rivers may originate from lithogenic sources. Xiao et al., [184] have studied levels of 

six heavy metals i.e., Cr, Ni, Cu, Zn, Cd and Pb in sediments of two rivers in southern China and 

have found Cr and Ni with higher contributions in posing risk to the environment. Average heavy 

metal concentrations in sediments of the urban and rural rivers were significantly not different at 

p  0.05 except for Cr. It was reported that indices of potential ecological risk of sediments of the 

rural river were equal to those of sediments of the urban river. 
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Abstract 

Contamination of freshwater ecosystems such as rivers with hazardous heavy metals is an 

environmental problem of public health concern. This research work was carried out to investigate 

the accumulation of four potentially toxic heavy metals viz. Cr, Ni, Cd and Pb in the commercially 

important freshwater fish Schizothorax plagiostomus at different sites of River Swat, River 

Panjkora and River Barandu in northern Pakistan. Acid digested fish muscle samples were 

analyzed for the four heavy metals by flame atomic absorption spectrophotometry. Potential risk 

to the health of the fish consumers was assessed in terms of estimated weekly intake (EWI) values 

of the heavy metals and compared with their respective provisional tolerable weekly intake (PTWI) 

values set by international organizations. In general, elevated metal concentrations were observed 

in fish muscle samples at potentially contaminated river sites. Risk analysis showed that Ni risk 

was higher at River Panjkora and River Barandu, Pb risk was higher at River Swat and River 

Panjkora while Cd risk was quite low at all the three rivers. Cr risk could not be assessed due to 

lack of reference values. 
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Experimental 

Study Area and Fish Species 

The study fish was Schizothorax plagiostomus, an economically important fish of Pakistan and 

commonly known as "Swati" in Khyber Pakhtunkhwa province. This fish is a bottom feeder, 

herbivorous in nature feeding on algae, diatoms and other plant materials [185]. The study area 

consisted of River Swat, River Panjkora, and River Barandu in Malakand Division, Pakistan 

(Figure 4.1). River Swat is more famous among these three rivers. These rivers receive industrial 

effluents, domestic sewage and agricultural run-off from the local industrial units and surrounding 

human settlements and the continued contamination from such discharges in the rivers may 

ultimately result in serious pollution problems and health concerns in the future. 

 

 

 

Figure 4.1 Map of the study area showing sampling sites 
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Sample Collection, Preparation and Metal Analysis  

A total of thirty-three adult specimens of S. plagiostomus (3 at each sampling site) were collected 

from the three rivers. The collected fish specimens were transported to the laboratory in ice box 

on the same day.  Samples were prepared for metal analysis through wet digestion method using 

an acid mixture of concentrated HNO3 and concentrated HClO4. Muscle tissue samples, free of 

skin, were taken from behind the dorsal fin, above the lateral line according to Rosseland et al., 

[186]. For sample digestion, 1.0 g muscle sample (wet weight basis) was placed in a 100-mL 

beaker to which 7.5 mL HNO3 and 2.5 mL HClO4 were added. The sample was heated on a hot 

plate at 80C until digestion was complete, and a clear yellow solution was obtained. The solution 

was cooled to 25°C and was filtered (Whatman filter paper). The filtrate was diluted to a final 

volume of 50 mL with analyte-free water. The selected heavy metals were determined in the 

samples by Flame Atomic Absorption Spectrophotometer (Perkin-Elmer Model No. 2380). A 

summary of the digestion procedure is shown in Figure 4.2. 

Risk Assessment for Human Health 

The potential risk to human health from consumption of the study fish from each of the study rivers 

was calculated. Risk assessment for each river is based on average metal concentrations recorded 

in the fish from the respective river. Information on daily fish intake in the study area was not 

available, therefore, daily fish intake was considered as 10 g/person/day or 70 g/person/week for 

the general population with low daily fish intake and average adult body weight of the consumer 

was considered as 60 kg as reported for fish from River Chenab, Pakistan [150]. 

Daily metal exposure (Em) or estimated daily intake (EDI) and estimated weekly intake 

(EWI) were calculated by the following equations [172]:  

𝐸𝑚𝑜𝑟 𝐸𝐷𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑑

𝐵𝑊
                             (4.1) 

𝐸𝑊𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑤

𝐵𝑊
                                       (4.2) 

Where Cm = metal concentration in fish (μg g−1) 

IRd = daily ingestion rate of fish (g day−1) 

IRw = weekly ingestion rate (g week−1) 

And BW = body weight (kg) 

 Dietary exposure is expressed as μg kg−1 bw. 
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Figure 4.2 Schematic showing summary of sample preparation for metal analysis by AAS 

 

Statistical Analysis 

Heavy metal concentrations are shown as mean from three individual fish specimens ± standard 

deviation (SD). Data were analyzed with the statistical software SPSS version 23.0. Analysis of 

variance (ANOVA), Tukey Test was used for comparing metal concentrations among sampling 

sites on rivers and a p-value of 0.05 was considered for statistical significance. 
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Results and Discussion 

Metal Concentrations in Fish Muscles 

The concentrations of the four heavy metals in muscles of the study fish from River Swat, River 

Panjkora and River Barandu are shown in Table 4.1. One Way ANOVA (Tukey test) was used to 

compare concentrations of a heavy metal at different sites on a river. In most cases, metal 

concentrations at the different sites of a river did not differ significantly, mostly due to more 

variance within samples. The reason for more variance within samples was the use of three 

individual fish specimens for each analysis instead of pooling tissues from three specimens and 

then taking three composite samples from the pooled tissues. Therefore, generally, clear trends in 

concentrations of the selected heavy metals among different sites of a river could not be observed. 

However, in some cases, a clear trend could be seen. For example, in case of Ni bioaccumulation 

in the muscles of the fish, an increase was seen in concentration from upstream to downstream. 

 

In a previous study, Ahmad et al., [187] have investigated bioaccumulation of some heavy 

metals in S. plagiostomus from River Panjkora. They have reported Pb concentration in the range 

of 0.01-0.09 μg g−1 but no Ni and Cd detection in the fish. Our results show much higher Pb 

concentrations compared to their reported Pb levels in this fish. Table 4.2 shows a comparison of 

average concentrations of the four heavy metals in muscles of this fish with those reported in the 

literature in some fish species from other rivers and freshwater bodies. A comparison of our results 

with these studies shows that heavy metal concentrations from our study are lower than those of 

Siraj et al., [188] and higher than those of the other studies. 

Risk Assessment for Human Health 

Results of risk assessment for human health are given in Table 4.3. The last column presents the 

conclusions of this assessment where the EDI values of the heavy metals are shown as % of their 

respective tolerable daily intake (TDI) values. For River Swat, EDI value of Pb was slightly higher 

than its TDI value. For River Panjkora, EDI values of both Ni and Pb were higher than their 

respective TDI values. For River Barandu, EDI value of Ni was higher than its TDI value. EDI 

values of Cd were well below the TDI value for this metal for all the three rivers. 
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Table 4.1 Heavy metal concentrations (mean ± SD, n = 3) in muscles of the freshwater fish 

Schizothorax plagiostomus from three rivers of Malakand Division, Pakistan 

Site 
Metal concentration (mg kg−1 wet weight) 

Cr Ni Cd Pb 

River Swat 

Khwazakhela 15.0b ± 2.4 17.5 ± 9.2  1.5bc ± 0.25 23.7 ± 14.2  

Kabal 19.3ab ± 2.2 8.5 ± 3.3 0.97c ± 0.17 13.8 ± 11.8 

Chakdara 16.3b ± 3.8 25.7 ± 11.1 1.2bc ± 0.08 17.5 ± 11.3 

Batkhela* 26.7a ± 2.3 35.5 ± 14.6 1.9ab ± 0.45 35.7 ± 10.4 

River Average 19.3 ± 5.2 21.8 ± 11.5 1.4 ± 0.39 22.7 ± 9.6 

River Panjkora 

Khall 22.3 ± 20.8 19.0 ± 7.8 1.9a ± 0.08 29.0 ± 14.5 

Khazana  28.8 ± 13.4 45.8 ± 18.9 2.2a ± 0.14 46.0 ± 37.3 

Shagukas 11.0 ± 2.5 58.2 ± 58.3 1.2b ± 0.05 13.0 ± 7.3 

River Average 20.7 ± 9.0 41.0 ± 20.0  1.8 ± 0.55  29.3 ± 16.5 

River Barandu 

Toor Warsak 13.8 ± 3.7 15.5b ± 1.9 2.0a ± 0.12 23.8 ± 14.2 

Elai 8.3 ± 1.3 44.3ab ± 15.5 1.2b ± 0.12  9.5 ± 8.5 

Daggar 15.7 ± 5.5 61.7ab ± 25.5 1.1b ± 0.34 18.7 ± 11.2 

Dewana Baba 18.5 ± 3.3 92.3a ± 21.0 1.2b ± 0.16 8.5 ± 3.7 

River Average 14.1 ± 4.3 53.5 ± 32.2 1.4 ± 0.44 15.1 ± 7.4  

*canal from River Swat 

Results are shown as mean metal concentrations from three individual fish specimens. Mean 

values in a column, for a given river, with different superscript letters are significantly different 

at p ≤ 0.05 (One Way ANOVA, Tukey Test). 

 

 

 

 

 

 



CHAPTER 4     Bioaccumulation in Schizothorax plagiostomus from Malakand Division 

64 

 

Table 4.2 Comparison of concentrations of four potentially toxic heavy metals in muscles of Schizothorax plagiostomus reported by 

the present study with those from literature 

Country Freshwater body Fish species 
Concentration (μg g−1) 

Reference 
Cr Ni Cd Pb 

Congo Kwilu-Ngongo River Some fish species ww 8.6 6.4  6.0 [189] 

India Canal in Aligarh Mastacembelus armatus dw  59.0 ± 0.06   [190] 

Malaysia Pond in Perak Anabas testudineus dw 1.72-3.35 0.45-0.66 0.04-0.05 0.08-0.14 [191] 

Pakistan Rawal Lake Cyprinus carpio ww 2.39  0.74 8.80 [192] 

Pakistan Rawal Lake Mastacembelus armatus ww    1.47 [193] 

Pakistan River Ravi Cirrhina mrigala ww 1.78 ± 0.14 1.99 ± 0.10   [194] 

Labeo rohita ww 1.61 ± 0.07 1.91 ± 0.12   

Catla catla ww 1.62 ± 0.09 1.76 ± 0.16   

Pakistan River Kabul Aorichthys seenghala ww 565.3 ± 148.7  94.7 ± 33.3 60.7 ± 17.2 350.7 ± 37.2 [188] 

Ompok bimaculatus ww 703.0 ± 125.3 135.0 ± 52.6 71.7 ± 12.1 407.0 ± 126.6 

Pakistan River Swat Schizothorax plagiostomus 19.3 ± 5.2 21.8 ± 11.5 1.4 ± 0.39 22.7 ± 9.6 Present study 

Pakistan River Panjkora Schizothorax plagiostomus 20.7 ± 9.0 41.0 ± 20.0  1.8 ± 0.55  29.3 ± 16.5 Present study 

Pakistan River Barandu Schizothorax plagiostomus 14.1 ± 4.3 53.5 ± 32.2 1.4 ± 0.44 15.1 ± 7.4  Present study 

dw = dry weight; ww = wet weight 
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Table 4.3 Risk assessment for human health through consumption of the freshwater fish 

Schizothorax plagiostomus from three rivers of Malakand Division, Pakistan 

 

Heavy Metal PTWI EWI TDI EDI % of TDI 

River Swat 

Cr - - - - - 

Ni 35a 25.4 5 3.6 72.6 

Cd 7b 1.6 1 0.23 23.0 

Pb 25b 26.4 3.6 3.8 104.9* 

River Panjkora 

Cr - - - - - 

Ni 35a 47.8 5 6.8 136.7* 

Cd 7b 2.1 1 0.30 30.0 

Pb 25b 34.2 3.6 4.9 135.8* 

River Barandu 

Cr - - - - - 

Ni 35a 62.4 5 8.9 178.2* 

Cd 7b 1.6 1 0.23 23.0 

Pb 25b 17.6 3.6 2.5 70.0 

 

PTWI = provisional tolerable weekly intake (µg/week/kg bw) 

EWI = estimated weekly intake (µg/week/kg bw) 

TDI = tolerable daily intake (µg/day/kg bw)  

EDI = estimated daily intake (µg/day/kg bw) 

a WHO [173] 

b FAO/WHO [174] 

*EDI higher than respective TDI 
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Conclusions 

Metal concentrations in muscles of the fish from the three rivers were comparable. Generally, clear 

trends could not be observed for metal concentrations at different sites of the rivers when going 

from upstream to downstream. However, highest metal concentrations in the fish muscles were 

recorded at Batkhela, an urban and relatively polluted site, in case of River Swat. Similarly, highest 

metal concentrations, except Ni, in the fish muscles were recorded at Khazana, a site downstream 

Timergara (urban area and relatively polluted), in case of River Panjkora. Ni concentrations in the 

fish muscles in case of River Barandu consistently increased downstream, which might be due to 

contamination of the river water by marble industry effluents containing Ni. Risk analysis showed 

that Ni risk was higher at River Panjkora and River Barandu, Pb risk was higher at River Swat and 

River Panjkora while Cd risk was quite low at all the three rivers. Cr risk could not be assessed 

due to lack of reference values. 
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Bioaccumulation in Mastacembelus armatus from Malakand 

Division 

 

Abstract 

Contamination of water bodies with toxic heavy metals is a genuine environmental problem. 

Bioaccumulation of toxic heavy metals in fish poses a potential health risk to fish consumers 

including humans. The aim of the present research work was to study the bioaccumulation of Cr, 

Ni, Cd and Pb in the carnivorous fish Mastacembelus armatus at different sites of three rivers in 

Malakand Division, Pakistan. The study also investigated tissue-specific accumulation of these 

metals in M. armatus at one site of River Panjkora. The selected heavy metals were quantified in 

the fish samples by flame atomic absorption spectrophotometry. The order of metal accumulation 

in different tissues of M. armatus was: kidneys > liver  skin > muscles > gills. Bioaccumulation 

factor (BAF) values of the metals in muscles of M. armatus were in the order: Cr > Pb > Ni > Cd. 

BAF values show that these metals are accumulated in the fish tissues and may pose a potential 

health risk to regular consumers.  
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Experimental 

Study Area 

This research work was conducted along River Swat, River Panjkora, and River Barandu in 

Malakand Division of Khyber Pakhtunkhwa province of Pakistan. River Swat is comparatively 

larger and more famous out of these three rivers. Ahmad et al., [187] have reported that presently, 

the water and fish of River Panjkora are safe for human consumption. Likewise, recently, Ullah et 

al., [195] have reported that River Panjkora is less polluted compared to other rivers in Pakistan. 

However, they have communicated that presently, the river is facing sewage burden and the 

continued pollution from such discharge in the river may ultimately lead to serious concerns in the 

future. River Barandu is also being polluted by effluents from marble industries in Buner [196]. 

Recently, Mulk et al., [197] have found decreased ichthyofaunal diversity near marble industry 

effluents in River Barandu. 

 

 

 

Figure 5.1 Photo of Mastacembelus armatus collected at Khazana from River Panjkora 
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Fish Species 

Tire-track spiny eel or zig-zag eel (Mastacembelus armatus), a common fish species of the Indian 

sub-continent, is an economically important fish. It is a popular table fish because of its delicious 

meat and high nutritional value and is one of the highly demanded fish species in the market [198, 

199]. Javed and Usmani [190] have reported a high consumption of this fish by the people of 

Aligarh region in India. They have reported it as a popular food fish both in urban and rural areas. 

Its natural population is decreasing due to over-exploitation and changes in its natural habitats. It 

is predatory in habit [200]. Specimen photo of the fish is shown in Figure 5.1. 

Sample Collection, Preparation and Analysis 

Three specimens of M. armatus were collected at each sampling site on the three rivers. The 

collected fish were transported to the laboratory in ice on the same day.  Samples were prepared 

for metal analysis through wet digestion method using concentrated acids HNO3, and HClO4. Fish 

samples were processed on wet weight basis. Muscle tissue samples, free of skin, were taken from 

behind the dorsal fin, above the lateral line; also recently reported by Rosseland et al., [186]. For 

tissue-specific bioaccumulation study, tissues were separated by fish dissection. For acid digestion, 

1.0 g sample of fish tissue was placed in a 100 mL beaker, 7.5 mL HNO3 and 2.5 mL HClO4 were 

added to it. The sample was heated on a hot plate at 80C until the evolution of brown fumes of 

NO2 ceased and a clear yellow solution was obtained. The solution was allowed to cool at room 

temperature and then filtered through a 0.45 μm filter paper. The filtrate was diluted to a final 

volume of 50 mL with analyte-free water. The selected heavy metals were determined in the 

prepared samples by Flame Atomic Absorption Spectrophotometer (Perkin-Elmer Model No. 

2380). 

  

Statistical Analyses 

For each experimental analysis, three samples i.e., three individual fish specimens were used. 

Results are shown as mean ± standard deviation (SD). Results were analyzed with the statistical 

software SPSS version 23.0. Different statistical tests such as analysis of variance (ANOVA), and 

correlation were used for comparing and analyzing the results. A p-value of 0.05 was considered 

for statistical significance.  
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Results and Discussion 

The concentrations of the four heavy metals in muscles of the study fish species from River Swat, 

River Panjkora and River Barandu are shown in Table 5.1. One Way ANOVA (Tukey test) was 

used to compare concentrations of heavy metals at different sites on River Barandu. In most cases, 

the differences were statistically not significant, mostly due to large standard deviation vales in 

the results. The reason for large standard deviation values was the use of three individual fish 

specimens for each analysis instead of pooling tissues from three specimens and then taking three 

composite samples from the pooled tissues. Therefore, generally, we could not observe clear trends 

in concentrations of the selected heavy metals along river sites. However, in some cases, a clear 

trend could be seen. For example, in case of Ni bioaccumulation in the muscles of the study fish 

species from River Barandu, an increase was observed in concentration from upstream to 

downstream (Figure 5.2). 

 

Table 5.1 Heavy metal concentrations in muscles of Mastacembelus armatus collected from 

three rivers of Malakand Division 

Site 
Metal concentration (mg kg−1 wet weight)  

Cr Ni Cd Pb 

River Swat 

Kabal 29.8 ± 17.3 34.2 ± 20.1 0.77 ± 0.17 32.0 ± 34.0 

Chakdara  11.3 ± 0.85 24.7 ± 13.1 1.4 ± 0.62 75.2 ± 41.0 

River Panjkora 

Khazana 1280.2 ± 600.0 39.2 ± 27.3 2.4 ± 0.12 40.2 ± 28.0 

River Barandu 

Toor Warsak 10.2 ± 3.5 25.5b ± 15.1 1.4 ± 0.29 19.0 ± 1.1 

Elai 21.8 ± 10.6 32.2b ± 5.1 0.83 ± 0.10 28.8 ± 12.3 

Daggar 12.3 ± 4.8 38.7b ± 23.7 1.2 ± 0.33 16.3 ± 14.6 

Dewana Baba 10.3 ± 4.0 104.5a ± 27.1 1.2 ± 0.53 7.5 ± 5.3 

 

Results are shown as mean ± standard deviation (n = 3). Mean values in a column with different 

superscript letters are significantly different at p ≤ 0.05 (One Way ANOVA, Tukey Test). 
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Figure 5.2 Ni concentrations (mg kg−1 wet weight) in muscles of Mastacembelus armatus at 

different sites of River Barandu 

 

Chromium 

Chromium concentrations in muscles of M. armatus from River Swat ranged from 11.3 ± 0.85 to 

29.8 ± 17.3 mg kg−1 ww. Concentration from River Panjkora was 1280.2 ± 600.0 while 

concentrations from River Barandu were 10.2 ± 3.5 to 21.8 ± 10.6. Siraj et al., [188] have studied 

bioaccumulation of heavy metals in two fish species, Aorichthys seenghala and Ompok 

bimaculatus near Nowshera on River Kabul, Pakistan. Their reported Cr concentrations in muscles 

of these two fish are 565.3 ± 148.7 and 703.0 ± 125.3 μg g−1 ww respectively. Ngelinkoto et al., 

[189] have reported highest Cr concentration of 8.6 mg kg−1 ww in muscles of some fish species 

from Kwilu-Ngongo River, Congo. Javed and Usmani [201] have reported Cr concentration of 1.0 

± 0.56 mg kg−1 dw in muscles of Clarias gariepinus collected from Rasalganj fish market, Aligarh, 

India. They did not detect Cr in muscles of two other fish, Channa punctatus and Labeo rohita in 

the same collection. A comparison of our results with these studies shows that Cr concentrations 

from our study are lower than those of the first mentioned study and higher than those of the latter 

two studies. Cr concentration in muscles of M. armatus at Khazana site of River Panjkora (1280.2 

± 600.0 mg kg−1 ww) was unusually high and beyond expectations. 
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Nickel  

Nickel concentrations in muscles of M. armatus from River Swat ranged from 24.7 ± 13.1 to 34.2 

± 20.1 mg kg−1 ww. Concentration from River Panjkora was 39.2 ± 27.3 while concentrations from 

River Barandu were 25.5 ± 15.1 to 104.5 ± 27.1. Siraj et al., [188] have studied bioaccumulation 

of Ni in Aorichthys seenghala and Ompok bimaculatus collected near Nowshera from River Kabul, 

Pakistan. Their reported Ni concentrations in muscles of these two fish are 94.7 ± 33.3 and 135.0 

± 52.6 μg g−1 ww respectively. Previously, Ahmad et al., [187] have not detected Ni in muscles of 

Schizothorax plagiostomus collected from three different sites on River Panjkora. Ngelinkoto et 

al., [189] have reported highest Ni concentration of 6.4 mg kg−1 ww in muscles of some fish species 

from Kwilu-Ngongo River, Congo. In a recent study, Javed and Usmani [190] have reported Ni 

concentration of 59.0 ± 0.06 mg kg−1 dw in muscles of M. armatus collected from a thermal power 

plant effluent-polluted canal in Aligarh, India. In another study, Javed and Usmani [201] have 

reported Ni concentrations of 34.1 ± 1.4, 21.0 ± 1.7 and 10.8 ± 2.0 mg kg−1 dw in muscles of 

Channa punctatus, Clarias gariepinus and Labeo rohita collected from Rasalganj fish market, 

Aligarh, India. A comparison of our results with these studies shows that our reported 

concentrations are lower than those of the first mentioned study except Ni concentration in muscles 

of M. armatus at Dewana Baba site of River Barandu (104.5 ± 27.1 mg kg−1 ww). Furthermore, 

our reported Ni concentrations are higher than that of Ngelinkoto et al., [189] and comparable to 

those of the latter two studies. 

 

Cadmium 

Cadmium concentrations in muscles of M. armatus from River Swat ranged from 0.77 ± 0.17 to 

1.4 ± 0.62 mg kg−1 ww. Concentration from River Panjkora was 2.4 ± 0.12 while concentrations 

from River Barandu were 0.83 ± 0.10 to 1.4 ± 0.29. Siraj et al., [188] have studied bioaccumulation 

of Cd in Aorichthys seenghala and Ompok bimaculatus collected near Nowshera from River 

Kabul, Pakistan. Their reported Cd concentrations in muscles of these two fish are 60.7 ± 17.2 and 

71.7 ± 12.1 μg g−1 ww respectively. Previously, Ahmad et al., [187] have not detected Cd in 

muscles of Schizothorax plagiostomus collected from three different sites on River Panjkora. A 

comparison of our results with these studies shows that our reported Cd concentrations are very 

low as compared to those of the first mentioned study.  
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Lead 

Lead concentrations in muscles of M. armatus from River Swat ranged from 32.0 ± 34.0 to 75.2 ± 

41.0 mg kg−1 ww. Concentration from River Panjkora was 40.2 ± 28.0 while concentrations from 

River Barandu were 7.5 ± 5.3 to 28.8 ± 12.3. Siraj et al., [188] have studied bioaccumulation of 

Pb in Aorichthys seenghala and Ompok bimaculatus collected near Nowshera from River Kabul, 

Pakistan. Their reported Pb concentrations in muscles of these two fish are 350.7 ± 37.2 and 407.0 

± 126.6 μg g−1 ww respectively. Previously, Ahmad et al., [187] have reported Pb concentrations 

of 0.01, 0.03 and 0.09 μg g−1 in muscles of Schizothorax plagiostomus at upstream, sewage-release 

and downstream sites respectively on River Panjkora. Ngelinkoto et al., [189] have reported 

highest Pb concentration of 6.0 mg kg−1 ww in muscles of some fish species from Kwilu-Ngongo 

River, Congo. A comparison of our results with these studies shows that our reported Pb 

concentrations are lower than those of the first mentioned study and higher than those of the latter 

two studies. 

Tissue-specific Bioaccumulation of Heavy Metals in Mastacembelus armatus 

The concentrations of the four heavy metals in different tissues of M. armatus are shown in Figure 

5.3. Figure 5.3 describes the order of metal accumulation in different tissues of the fish: muscles 

> kidneys > skin > liver > gills for Cr; kidneys > liver > skin > muscles > gills for Ni; kidneys > 

liver = skin > muscles > gills for Cd and finally kidneys > liver  skin > muscles > gills for Pb. 

Thus generally, the order of metal accumulation is: kidneys > liver  skin > muscles > gills except 

for Cr where muscles have the highest accumulation. The general pattern of heavy metal 

accumulation observed in this study can be expected because kidneys and liver are metabolically 

active tissues and accumulate comparatively higher concentrations of toxic heavy metals for 

storage, sequestration and detoxification. It has been reported that among fish tissues, liver 

accumulates relatively more quantities of heavy metals [202]. Rauf et al., [203] have reported 

higher accumulation of Cd and Cr in fish liver and minimum accumulation in gills. Similarly, 

Javed and Usmani [204] have observed highest heavy metal load in liver while least in skin of M. 

armatus collected from a rivulet at Kasimpur, Aligarh, India. Ullah et al., [205] have reported 

tissue-specific bioaccumulation of heavy metals in three fish species from River Panjkora, 

Pakistan. They have observed the order of heavy metal bioaccumulation in different tissues as liver 

> kidneys > muscles > gills. Malik et al., [206] have reported relatively higher concentrations of 
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heavy metals in liver, kidneys and gills compared to those in skin and muscles of four edible fish 

species i.e., Tor putitora, Cirrhinus mrigala, Labeo calbasu and Channa punctatus from Rawal 

Lake Reservoir, Pakistan. 

 

 

 

Figure 5.3 Heavy metal concentrations (mg kg−1 wet weight) in different tissues of 

Mastacembelus armatus at Khazana on River Panjkora 
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In a previous study, Javed and Usmani [204] have investigated the bioaccumulation of 

heavy metals in different tissues of M. armatus collected from a rivulet at Kasimpur, Aligarh, 

India. Their reported Ni concentrations in gills, liver, kidneys, muscles and skin are 200.0 ± 1.7, 

450.0 ± 0.06, 149.3 ± 0.50, 59.0 ± 0.09 and 45.1 ± 0.02 mg kg−1 dw respectively. Our reported Ni 

concentrations in different tissues of M. armatus are comparable with these results. In a recent 

study, Rosseland et al., [186] have reported Cr, Ni, Cd and Pb concentrations in gills and liver of 

M. armatus from Lake Phewa, Nepal. They have reported that in gills, the concentrations of these 

metals were 0.7-1.0, 2.3-3.8, 0-1.3 and 0.3-0.6 μg g−1 dw respectively while in liver the 

corresponding metal concentrations were 0.1-0.5, 0-0.2, 0.1-2.5 and 0-0.8 μg g−1 dw respectively, 

which are lower than our reported metal concentrations. Yousafzai and Shakoori [207] have 

studied bioaccumulation of some heavy metals including Cr, Ni and Pb in gills of Tor putitora at 

three sites of River Kabul, Pakistan. Their reported Cr concentrations in gills at a reference site 

and two polluted sites, site 1 and site 2, were 5.3 ± 0.18, 6.6 ± 0.07 and 6.0 ± 0.38 μg g−1 ww 

respectively. The corresponding Ni concentrations were 53.3 ± 8.4, 128.0 ± 8.8 and 133.0 ± 7.3 

μg g−1 ww respectively while the corresponding Pb concentrations were 219.3 ± 31.4, 313.7 ± 29.9 

and 321.0 ± 9.8 μg g−1 ww respectively. A comparison of our results with these values shows that 

our reported Cr concentration in gills is higher than these values while our reported Ni and Pb 

concentrations in gills are lower than these values. 

Correlation analysis was performed to check the correlation among the selected heavy 

metals in different tissues of M. armatus. Results of this analysis are shown in Table 5.2. 

Significant correlations were found between Pb and Ni in muscles (R = −0.998), between Cd and 

Ni in skin (R= 0.997) and between Pb and Cd in kidneys (R = 0.999). 
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Table 5.2 Correlation of the selected heavy metals in different tissues of Mastacembelus armatus 

collected at Khazana from River Panjkora   

Tissue Metal 
Pearson Correlation Coefficient 

Cr Ni Cd Pb 

Muscles Cr 1    

Ni 0.794 1   

Cd − 0.992  −0.713 1  

Pb −0.757 −0.998* 0.671 1 

Gills Cr 1    

Ni −0.260 1   

Cd 0.079 0.942 1  

Pb 0.219 0.885 0.990 1 

Skin Cr 1    

Ni −0.526 1   

Cd −0.587 0.997* 1  

Pb −0.816 0.921 0.947 1 

Liver Cr 1    

Ni 0.820 1   

Cd 0.827 0.355 1  

Pb 0.956 0.616 0.955 1 

Kidneys Cr 1    

Ni −0.382 1   

Cd −0.705 0.924 1  

Pb −0.740 0.904 0.999* 1 

 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Calculation of Bioaccumulation Factor (BAF)  

The bioaccumulation of the selected heavy metals in different tissues of M. armatus was also 

quantified by calculating the bioaccumulation factor (BAF). This factor is the ratio of the 

concentration of a particular heavy metal in a given tissue of a fish to the concentration of that 

heavy metal in the water in which the fish dwells. It is calculated by using the following equation 

[204]:   

𝐵𝐴𝐹 =  
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑀 𝑖𝑛 𝑓𝑖𝑠ℎ 𝑡𝑖𝑠𝑠𝑢𝑒 (𝑚𝑔 𝑘𝑔−1 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑀 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 (𝑚𝑔 𝐿−1)
 

  

Table 5.3 gives BAF values of the selected heavy metals in different tissues of M. armatus 

at Khazana on River Panjkora. Concentrations of heavy metals in different tissues on wet weight 

basis were converted to their concentrations on dry weight basis assuming moisture content as 

75% of wet weight, as considered by Ikemoto et al., [208] for Cd, Pb and Hg in an aquatic food 

web study in the Mekong Delta, South Vietnam. In a previous study, Javed and Usmani [204] have 

reported BAF values of some heavy metals including Ni in different tissues of M. armatus 

collected from a polluted rivulet at Kasimpur, Aligarh, India. Their reported BAF values of Ni in 

muscles, gills, skin, liver and kidneys of this fish were 491.50, 1666.66, 375.51, 3749.66 and 

1244.41 respectively. Comparing these values with those in Table 5.3 shows that all these values 

are higher than those in our study except for BAF in kidneys. Javed and Usmani [204] have 

reported high BAF values in liver for all the studied heavy metals. In our study, we found highest 

BAF values in kidneys for all the selected heavy metals except Cr, whose BAF value was highest 

in muscles. 

 

Table 5.3 Bioaccumulation factor (BAF) values of the selected heavy metals in different tissues 

of Mastacembelus armatus at Khazana on River Panjkora 

Heavy 

metal 

Conc. in water 

(mg L−1) 

BAF 

Muscles Gills Skin Liver Kidneys 

Cr 0.367 13839.68 311.68 581.95 520.76 668.54 

Ni 0.594 264.11 104.58 311.99 429.83 1573.00 

Cd 0.041 234.15 188.29 256.58 256.58 529.76 

Pb 0.227 707.84 182.03 910.48 907.49 4228.37 
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Conclusions 

The aim of the present research work was to study the bioaccumulation of Cr, Ni, Cd and Pb in 

muscles of an economically important fish species, M. armatus, from three rivers of Malakand 

Division, Pakistan. Metal concentrations in muscles of the study fish from the three rivers were 

comparable. Generally, clear trends could not be observed for metal concentrations at different 

sites of the rivers when going from upstream to downstream. However, Ni concentrations in fish 

muscles at different sites on River Barandu show a clear pattern of increase downstream. This may 

be due to contamination of the river water by wastewater from marble industries. Tissue-specific 

accumulation in different tissues of M. armatus showed the order as: kidneys > liver  skin > 

muscles > gills. BAF values of the metals in different tissues of M. armatus show that these metals 

are accumulated from the river in the fish muscles and may pose a potential health risk to regular 

consumers.  
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Bioaccumulation in Channa gachua from Malakand Division 

 

Abstract 

Contamination of freshwater resources with toxic heavy metals is a genuine environmental 

problem. Being persistent chemicals, heavy metals accumulate in the environment and 

contaminate the food chains. This research article reports the concentrations of four toxic heavy 

metals viz. Cr, Ni, Cd and Pb in water and sediments and their bioaccumulation in the freshwater 

fish Channa gachua collected from different sites of River Swat and River Barandu, Pakistan. 

Water, sediment and fish tissue samples were prepared according to standard analytical procedures 

and analyzed for the selected heavy metals by atomic absorption spectrophotometer. The average 

concentrations of Cr, Ni, Cd and Pb in muscles of the fish from River Swat were 22.6, 25.0, 1.5 

and 29.9 mg kg−1 wet weight respectively while respective concentrations from River Barandu 

were 31.5, 35.4, 1.5 and 26.7 mg kg−1 wet weight. The non-essential heavy metals, Cd and Pb, 

showed higher bioaccumulation factor values than the other two metals. Generally, metal 

concentrations were higher in metabolically active tissues such as gills and liver compared to skin 

and muscles. Human health risk assessment showed that Pb in the fish muscles from River Swat 

while Ni and Pb from River Barandu exceeded the respective recommended limits. 
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Experimental 

Study Area 

This study was conducted along River Swat and River Barandu in Malakand Division, Pakistan. 

District Swat has an area of 5,337 km2 and total population of 2,309,570 while District Buner has 

an area of 1,865 km2 and total population of 897,319 [209]. The anthropogenic sources of heavy 

metals in the study area include industrial effluents, domestic sewage, and agricultural run-off. 

Wastewater from marble industries is also an anthropogenic source of heavy metals in the study 

area. It has been reported that River Barandu is being polluted by effluents from marble industries 

in Buner [196]. Sampling sites with geographic coordinates on the two rivers are shown in Table 

6.1 and Figure 6.1. 

 

Table 6.1 Geographic coordinates of the sampling sites on River Swat and River Barandu, 

Pakistan 

S. No. Site name Latitude Longitude 

River Swat 

1 Khwazakhela 34°5558 N 72°2657 E 

2 Kabal 34°4720 N 72°1757 E 

3 Chakdara 34°3944 N 72°0351 E 

4 Batkhela* 34°3658 N 71°5801 E 

River Barandu 

1 Toor Warsak 34°3052 N 72°2205 E 

2 Elai 34°2946 N 72°2509 E 

3 Daggar 34°2915 N 72°3008 E 

4 Dewana Baba 34°2803 N 72°3457 E 

*site on a canal from River Swat 
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Figure 6.1 Map showing sampling sites on River Swat and River Barandu 

 

Fish Species 

In this study, heavy metal accumulation was investigated in the economically important freshwater 

fish Channa gachua. Marathe and Deshmukh [210] have reported the feeding of C. gachua on 

small guppy (Lebistes reticulatus), which shows the carnivorous nature of the fish. We selected 

this fish for our study because it is economically important in the study area. Furthermore, since it 

is predatory in habit, therefore, it may be more exposed to toxic heavy metals because of its 

position in the food chain.  

Collection, Preparation and Analysis of Samples 

Water, sediment and fish samples were collected at pre-selected sites on the two rivers. Sampling 

was done according to the guidelines of Csuros and Csuros [16] and samples were properly 
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labelled in the field. The samples were brought to the laboratory on the same day; fish samples 

were brought to the laboratory in ice coolers. The fish were identified with the help of standard 

literature keys. Fish were dissected with clean stainless steel and the different tissues i.e., muscles, 

skin, gills and liver were separated. The water, sediment and fish samples were prepared as detailed 

below: 

Water Samples 

Water samples were prepared for AAS analysis according to Malik and Maurya [9], Jan et al., 

[162] with modifications: A 50 mL unfiltered well-mixed water sample was taken in a 100 mL 

beaker. To this sample, 5 mL concentrated (65%) HNO3 was added and evaporated to a volume of 

50 mL on a hot plate at 80°C. Water samples were filtered after such treatment and volume raised 

to 50 mL with distilled water. 

Sediment Samples 

The sediment samples were air dried at room temperature, crushed and passed through a < 2 mm 

sieve [35]. Sediment samples were digested with aqua regia (HCl:HNO3, 3:1) [163]. A 0.5 g 

sediment sample was taken in a 100 mL beaker. To this sample, 7.5 mL concentrated (37%) HCl 

and 2.5 mL concentrated (65%) HNO3 were added and heated on a hot plate at 80°C. After 

digestion, the sample was filtered and the filtrate volume was raised with distilled water up to the 

mark in a 50 mL volumetric flask.  

Fish Samples 

Metal levels were determined in muscle tissue because this tissue is considered to represent a stable 

pool of trace metals in fish [89]. Fish muscles were collected according to Rosseland et al., [186]. 

Skin-free muscle samples were taken from dorsal side behind the dorsal fin with the help of clean 

knife and scissors. For preparation of fish samples, we used wet digestion method using acid 

mixture of HNO3 and HClO4. Fish samples were digested according to Javed and Usmani [190] 

with modifications. A 1.0 g sample (wet weight basis) was taken in a beaker. To this sample, 7.5 

mL concentrated (65%) HNO3 and 2.5 mL concentrated (70%) HClO4 were added and heated on 

a hot plate at 80C. The sample was heated until the evolution of brown fumes of NO2 ceased and 

a clear (yellow) solution was obtained. The solution was cooled at room temperature and then 

filtered through a Whatman filter paper. The filtrate was diluted to 50 mL with analyte-free water.  
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The selected heavy metals Cr, Ni, Cd and Pb were determined in the prepared samples with 

Flame Atomic Absorption Spectrophotometer (Perkin-Elmer Model No. 2380). While comparing 

dry ashing and wet digestion methods for determination of metals in freshwater fish samples, 

Ansari et al., [164] have recommended wet digestion method using an acid mixture for accurate 

determination of metals by flame atomic absorption spectrophotometry (FAAS). Carvalho et al., 

[152] have also recommended FAAS for determination of toxic elements in fish samples.  

Quality Assurance 

Quality control check was performed in order to assure the accuracy of the metal analysis. Due to 

non-availability of certified reference materials (CRMs), recovery studies were conducted using 

standard spiking method as reported in reference [163]. The following recoveries were obtained 

for the analyzed metals from reference materials (standards) (Table 6.2). 

 

Table 6.2 Metal recoveries from reference materials (standards) 

Metal 
Concentration (ppm) 

% Recovery 
Measured Standard 

Cr 4.980 5.000 99.60 

Ni 1.960 2.000 98.00 

Cd 1.975 2.000 98.75 

Pb 0.985 1.000 98.5 

 

 

Calculation of Bioaccumulation Factor (BAF) 

Bioaccumulation factor (BAF) shows the enrichment of an environmental chemical in an animal 

tissue relative to the concentration of that chemical in the abiotic medium where the animal is 

living. It is a ratio of the concentration of a heavy metal in a fish tissue to that in the abiotic medium 

i.e., water or sediments. We followed Fang et al., [169] for calculation of BAF according to the 

following formula: 

𝐵𝐴𝐹 =  
𝐶𝑓𝑖𝑠ℎ

𝐶𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑠
 

Where Cfish = metal concentration in fish  

And Csediments = metal concentration in sediments  
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Human Health Risk Assessment 

The potential risk to human health from consumption of C. gachua from River Swat and River 

Barandu was calculated. Results are shown for the two rivers separately and are based on average 

metal concentrations in fish collected from the respective rivers. Information on daily fish intake 

in the study area was not available, therefore, daily fish intake was considered as 10 g/person/day 

or 70 g/person/week for the general population with low daily fish intake and average adult body 

weight of the consumer was considered as 60 kg as reported for fish from River Chenab, Pakistan 

[150]. 

Daily metal exposure, Em, was calculated by the following equation [172]:  

𝐸𝑚 =  
𝐶𝑚 × 𝐼𝑅𝑑

𝐵𝑊
 

Where Cm = metal concentration in fish (μg g−1) 

IR = daily ingestion rate of fish (g day−1) 

And BW = body weight (kg) 

 Dietary exposure is expressed as μg kg−1 bw. The Estimated Weekly Intake (EWI) was 

calculated by the following equation [172]: 

𝐸𝑊𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑤

𝐵𝑊
 

Where IRw = weekly ingestion rate (g week−1) 

Statistical Analyses of Experimental Data 

Metal concentrations are shown as mean ± standard deviation or standard error with n = 3. 

Experimental data were analyzed with SPSS software version 16. Mean metal concentrations at 

different river sites were compared using One-Way ANOVA (Tukey Test). A p-value of 0.05 was 

considered for statistical significance. 

Results and Discussion 

Metal Levels in Water  

The concentrations of Cr, Ni, Cd and Pb in the waters of the two rivers are shown in Figure 6.2 

(a), (b), (c) and (d) respectively. In general, metal concentrations in river waters were in the order: 

Ni > Cr > Pb > Cd. Regarding site-wise comparison in metal concentrations in water, no clear 

trends could be seen for both rivers. However, in some cases, metal concentrations increased down 

the stream. Regarding river-wise comparison, Cr concentrations were higher in River Swat water 



CHAPTER 6            Bioaccumulation in Channa gachua from Malakand Division 

85 

 

while Cd concentrations were higher in River Barandu water; patterns of Ni and Pb concentrations 

in river water were more complex. Heavy metals are released into natural waters from different 

natural/ geologic and anthropogenic sources and hence their concentrations widely vary along the 

course of rivers. Previously, Khan et al., [148] have reported increasing contamination of Cr, Ni 

and Cd downstream in surface waters (river) of Swat, which was attributed to weathering of mafic 

and ultramafic rocks, mining, agricultural and industrial activities in the downstream areas. 

 

 

 

Figure 6.2 Metal concentrations in water at different sampling sites on River Swat and River 

Barandu 
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Metal Levels in Sediments 

The concentrations of Cr, Ni, Cd and Pb in the sediments of the two rivers are shown in Figure 6.3 

(a), (b), (c) and (d) respectively. In general, metal concentrations in river sediments were also in 

the order: Ni > Cr > Pb > Cd. Regarding site-wise comparison in metal concentrations in 

sediments, no clear trends could be observed for both rivers. However, in case of River Swat, Pb 

concentrations consistently increased down the stream. Regarding river-wise comparison, Pb 

concentrations were higher in River Swat sediments while Ni concentrations were higher in River 

Barandu sediments; patterns of Cr and Cd concentrations in river sediments were more complex. 

Pb concentrations in River Swat sediments may be higher due to anthropogenic input especially 

from discharge of used rechargeable batteries and combustion of leaded-gasoline while Ni 

concentrations in River Barandu sediments may be higher due to anthropogenic input especially 

from wastewater of marble industries. Heavy metal concentrations in sediments are many times 

higher than those in the corresponding waters because of their long-term accumulation [44]. Fang 

et al., [169] have reported mean concentrations (ppm, dry weight) of heavy metals in sediments of 

Chaohu Lake, China as: Cr (68.5 ± 9.1), Cd (0.36 ± 0.14) and Pb (40.5 ± 12.3). Javed [132] has 

reported heavy metal concentrations in bed sediments from five sites of River Ravi, Pakistan as: 

Ni (145.0-184.7) and Pb (40.8-136.0) ppm.  Cr concentrations of up to 451 ppm have been reported 

in sediments receiving textile industry effluents in West Bengal, India [43]. 

Metal Concentrations in Fish Muscles 

The concentrations of the selected heavy metals in muscles of Channa gachua collected from 

different sites of River Swat and River Barandu are given in Table 6.3. The order of average 

concentrations of the metals was Pb > Ni > Cr > Cd for River Swat and Ni > Cr > Pb > Cd for 

River Barandu. Regarding site-wise comparison, metal concentrations among different sites of 

both rivers did not differ significantly except for Cd in both rivers. Cd concentrations in fish 

muscles from River Swat increased downstream except at Khwazakhela, where maximum Cd 

concentration was observed. In case of River Barandu, Cd concentrations in fish muscles increased 

downstream but again decreased at the most downstream site of the river. Regarding river-wise 

comparison, concentrations of Cr and Ni in fish muscles were higher at River Barandu while 

concentrations of Cd and Pb were higher at River Swat. As mentioned earlier, Cr and Ni in River 

Barandu may be contributed by effluents of marble industries. Similarly, Cd in River Swat may be 

contributed by application of phosphate fertilizers in agricultural lands and subsequent release of 
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Cd to aquatic ecosystems through agricultural run-off while Pb in River Swat may come from 

discharge of used batteries and combustion of leaded-gasoline. However, all the heavy metals 

might also originate from geological sources i.e., from weathering of metal-containing rocks. 

 

 

 

Figure 6.3 Metal concentrations in sediments at different sampling sites on River Swat and 

River Barandu 
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Table 6.3 Concentrations (mean with range in parentheses) of heavy metals in muscles of 

Channa gachua collected from different sites of River Swat and River Barandu 

 

Site 
Metal concentration (mg kg−1 wet weight) 

Cr Ni Cd Pb 

River Swat 

Khwazakhela 22.2 ± 16.6  

(4.0-36.5) 

10.5 ± 5.4  

(6.2-16.6) 

2.0 ± 0.26a  

(1.7-2.2) 

26.5 ± 10.3  

(16.5-37.0) 

Kabal 23.5 ± 12.2 

(15.5-37.5) 

40.8 ± 51.9  

(6.9-100.5) 

1.1 ± 0.30c  

(0.80-1.4) 

12.0 ± 5.8  

(7.5-18.5) 

Chakdara 20.2 ± 2.9  

(18.5-23.5) 

43.1 ± 14.4 

(29.4-58.0) 

1.2 ± 0.23bc 

(0.90-1.4) 

52.3 ± 45.9  

(10.5-101.5) 

Batkhela 24.7 ± 24.3  

(3.0-51.0) 

5.7 ± 1.8  

(4.6-7.8) 

1.8 ± 0.28ab  

(1.6-2.1) 

28.7 ± 22.8  

(6.0-51.5) 

Average 22.6 25.0 1.5 29.9 

River Barandu 

Toor Warsak 13.2 ± 13.8  

(3.5-29.0) 

22.3 ± 12.3 

(15.0-36.6) 

0.92 ± 0.38c 

(0.55-1.3) 

33.8 ± 18.9  

(13.0-50.0) 

Elai 47.2 ± 45.0  

(9.5-97.0) 

18.3 ± 19.4  

(6.6-40.6) 

1.7 ± 0.24ab  

(1.4-1.9) 

20.7 ± 14.0  

(6.0-34.0) 

Daggar 32.8 ± 31.1  

(3.0-65.0) 

34.1 ± 20.7 

(10.6-49.2) 

2.1 ± 0.15a  

(2.0-2.3) 

22.8 ± 16.3  

(7.5-40.0) 

Dewana Baba 33.0 ± 21.8 

(14.5-57.0) 

67.0 ± 59.4  

(2.0-118.5) 

1.1 ± 0.18bc 

(0.95-1.3) 

29.3 ± 12.5  

(15.0-38.0) 

Average  31.5 35.4 1.5 26.7 

 

Results are shown as mean of three replicates ± standard deviation (SD). Means in a column, 

within each category, followed by different letters are significantly different at p ≤ 0.05 (One 

Way ANOVA, Tukey Test). 
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Cr 

The average concentrations of Cr in muscles of the study fish from River Swat and River Barandu 

were 22.6 and 31.5 mg kg−1 wet weight respectively. Cr concentrations in fish muscles in the 

literature have been reported as 0.27-0.48 ppm in Mastacembelus armatus from River Turag, 

Bangladesh [86]; 489.0 ± 49.7 ppm wet weight in common carp (Cyprinus carpio) from River 

Kabul, Pakistan [211]; 8.7, 91.3 and 539.3 ppm wet weight in Wallago attu from control, polluted 

site 1 and polluted site 2 respectively of River Kabul, Pakistan [159]. Thus, Cr concentrations in 

muscles of C. gachua observed in this study are less than those reported by the above-mentioned 

studies in fish from polluted sites of River Kabul while more than those in fish from River Turag.     

Ni 

The average concentrations of Ni in muscles of C. gachua from River Swat and River Barandu 

were 25.0 and 35.4 mg kg−1 wet weight respectively. The concentrations of Ni in fish muscles in 

the literature have been reported as 74.7 ± 17.3 ppm wet weight in common carp (Cyprinus carpio) 

from River Kabul, Pakistan [211]; 69.3, 446.0 and 112.7 ppm wet weight in Wallago attu from 

control, polluted site 1 and polluted site 2 respectively of River Kabul, Pakistan [159]. Thus, Ni 

concentrations in muscles of C. gachua observed in this study are also less than those reported by 

the above mentioned two studies in fish from River Kabul.   

Cd 

The average concentrations of Cd in muscles of C. gachua from both River Swat and River 

Barandu were 1.5 mg kg−1 wet weight. Cd concentrations in fish muscles in the literature have 

been reported as 5.3, 509.7 and 605.0 ppm wet weight in Wallago attu from control, polluted site 

1 and polluted site 2 respectively of River Kabul, Pakistan [159]; 1.0 and 0.6 ppm wet weight in 

herbivorous and carnivorous fish respectively from River Chenab, Pakistan [212]; 0.003-0.02 ppm 

in M. armatus from River Turag, Bangladesh [86]; 53.3 ± 2.9 ppm wet weight in common carp 

(Cyprinus carpio) from River Kabul, Pakistan [211]; 1.0 ppm wet weight in Notopterus chitala 

from Tarbela Reservoir, Pakistan [179]. Thus, Cd concentrations in muscles of C. gachua observed 

in this study are less than those reported by the above-mentioned studies in fish from River Kabul, 

comparable to those in fish from River Chenab and Tarbela Reservoir while more than those in 

fish from River Turag. 
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Pb 

The average concentrations of Pb in muscles of C. gachua from River Swat and River Barandu 

were 29.9 and 26.7 mg kg−1 wet weight respectively. Pb concentrations in fish muscles in the 

literature have been reported as 61.0, 60.3 and 74.7 ppm wet weight in Wallago attu from control, 

polluted site 1 and polluted site 2 respectively of River Kabul, Pakistan [159]; 0.03-0.1 ppm in M. 

armatus from River Turag, Bangladesh [86]; 2.1 ppm wet weight in M. armatus from Tarbela 

Reservoir, Pakistan [179]; 226.3 ± 222.2 ppm wet weight in common carp (Cyprinus carpio) from 

River Kabul, Pakistan [211]. Thus, Pb concentrations in muscles of C. gachua observed in this 

study are also less than those reported by the above-mentioned studies in fish from River Kabul 

while more than those in fish from Tarbela Reservoir and River Turag. 

 

Correlation of Metal Concentrations in Fish Muscles to those in Water and Sediments 

Table 6.4 gives the Pearson correlation coefficients (r) values for bivariate analysis between metal 

concentrations in C. gachua muscles and those in river water and sediments. For River Swat, Cr 

and Ni concentrations in fish muscles were positively correlated with those in sediments (r = .633 

and .848 respectively) while Cd in muscles was positively correlated with its concentration in 

water (r = .791); Pb in muscles was poorly correlated with its concentrations in both water and 

sediments. For River Barandu, Ni and Pb in muscles were positively correlated with their 

concentrations in water (r = .742 and .826 respectively) and Ni was negatively correlated with its 

concentration in sediments (r = −.621) while the opposite trend was observed for Cd; Cr in muscles 

was poorly correlated with its concentrations in both water and sediments. Generally, metal 

concentrations in muscles showed positive correlation with those in sediments. Youssef and Tayel 

[61] have pointed out that the concentration of heavy metals in the ambient medium is not the only 

factor affecting the metal accumulation in fish. Some other authors have also reported no 

correlation between metal levels in fish, water and sediments. Actually, freshwater systems are 

complex systems where overall metal concentrations are defined by varying conditions of different 

factors such as pH, ionic strength, as well as levels of major cations, anions and organic ligands 

[213]. 
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Table 6.4 Pearson correlation coefficient (r) between metal concentrations in muscles and metal 

concentrations in water and sediments for Channa gachua collected from River Swat and River 

Barandu, Malakand Division, Pakistan 

 

Metal M × W M × S 

River Swat 

Cr −.291 .633 

Ni −.259 .848 

Cd .791 .198 

Pb .394 .373 

River Barandu 

Cr .297 .316 

Ni .742 −.621 

Cd −.447 .868 

Pb .826 −.023 

 

M = metal concentration in muscles; W = metal concentration in water; S = metal concentration 

in sediments 

 

Bioaccumulation Factor (BAF) 

Bioaccumulation factor (BAF) is a ratio of the concentration of a given metal in fish tissue to that 

in the abiotic medium and shows the degree of enrichment of the metal from the abiotic medium 

into the fish body. Figure 6.4 shows the BAF values of the four heavy metals in C. gachua based 

on average concentrations of these metals in fish muscles and sediments. BAF values were 

calculated using metal concentrations in fish muscles on dry weight basis, which were obtained 

from metal concentrations in fish muscles on wet weight basis considering a 75% moisture content.  

BAF values were in the order of Cd > Pb > Ni > Cr for River Swat and Cd > Pb > Cr > Ni for 

River Barandu. Thus, the non-essential heavy metals, Cd and Pb, have higher BAF values than the 

other two metals. 
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Figure 6.4 Bioaccumulation factor (BAF) values of the four heavy metals for muscles of 

Channa gachua from River Swat and River Barandu 

 

Comparative Heavy Metal Bioaccumulation in Different Tissues 

The comparative bioaccumulation of the four heavy metals in different body tissues of C. gachua 

at Dewana Baba site on River Barandu is shown in Figure 6.5, where results in mg kg−1 wet weight 

are shown as mean from three individual fish ± standard error. The order of accumulation of the 

metals in different tissues was as follows: 

Cr: gills > skin  liver > muscles  

Ni: liver > gills > skin > muscles  

Cd: gills > liver > skin > muscles  

Pb: gills > liver > muscles > skin  

Thus, generally metal concentrations are higher in metabolically active tissues such as gills and 

liver and comparatively lower in the other tissues i.e., skin and muscles. These results are in 

agreement with the published literature regarding comparative bioaccumulation of heavy metals 

in different fish tissues. For example, Mulk et al., [138] have reported higher accumulation of 

heavy metals in the visceral tissues (liver and kidneys) and in gills than in the muscles of Tor 

putitora from River Barandu, Pakistan.  Fish skin is also often eaten along with muscles, therefore 

it is also important from bioaccumulation point of view [188]. Generally, least accumulation 

occurs in muscles and highest accumulation in kidneys [201]. 
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Figure 6.5 Bioaccumulation of four toxic heavy metals in different tissues of Channa gachua 

collected at Dewana Baba site of River Barandu 

 Yousafzai et al., [63] have reported highest accumulation of heavy metals in livers and 

lowest in muscles of two fish species from Sardaryab, River Kabul, Pakistan. Omwenga et al., 

[214] have reported higher concentrations of Cd and Pb in liver than in muscles of farmed fish 

from two counties of Kenya. Luo et al., [10] have reported higher concentrations of Cd and Pb in 

liver and kidneys than other internal tissues of red-crowned crane (Grus japonensis) from Zhalong 

Wetland, China. Comparatively higher metal accumulation has also been reported in gills of the 

crayfish (a crustacean), Astacus leptodactylus from Lake Yeniçağa (Turkey) [215]. Maximum Cr 

concentrations (µg g−1 dry wt.) in fish tissues from River Churni, West Bengal, India, have been 
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reported as: Glossogobius giuris liver (679.7), G. giuris gut (123.7), Mystus bleekeri gill (190.0) 

and Puntius sarana gill (64.4) [43]. 

Human Health Risk Assessment 

Potential risk to human health from consumption of the study fish was evaluated by calculating 

estimated weekly intake (EWI) and the results compared with provisional tolerable weekly intake 

(PTWI) recommended by FAO/WHO. Results of the risk assessment are shown in Table 6.5. 

 

Table 6.5 Human health risk assessment from consumption of the freshwater fish Channa gachua 

collected from River Swat and River Barandu, Pakistan 

Heavy Metal PTWI EWI TDI EDI % of TDI 

River Swat 

Ni 35a 29.18 5 4.17 83.36 

Cd 7b 1.76 1 0.25 25.12 

Pb 25b 34.85 3.6 4.98 138.31* 

River Barandu 

Ni 35a 41.32 5 5.90 118.07* 

Cd 7b 1.71 1 0.24 24.46 

Pb 25b 31.11 3.6 4.44 123.45* 

PTWI = provisional tolerable weekly intake (µg/week/kg bw) 

EWI = estimated weekly intake (µg/week/kg bw) 

TDI = tolerable daily intake (µg/day/kg bw)  

EDI = estimated daily intake (µg/day/kg bw) 

a WHO [173] 

b FAO/WHO [174] 

*EDI higher than respective TDI 

 

A comparison of the calculated EDI values with TDI values of the heavy metals shows that Pb in 

River Swat while Ni and Pb in River Barandu exceeded the respective recommended limits. 

Therefore, efforts should be made to minimize contamination of these rivers with such toxic heavy 

metals. Furthermore, these freshwater ecosystems should be regularly monitored for heavy metal 

pollution to get informed about the environmental and ecological status of these systems. 
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Conclusions  

Bioaccumulation of toxic heavy metals in freshwater fish is an environmental problem of human 

health concern because fish are an important source of human food. This research work was 

conducted to investigate the bioaccumulation of four toxic heavy metals in the freshwater fish C. 

gachua from River Swat and River Barandu in Malakand Division, Pakistan. Statistical analyses 

were performed to study the correlation between metal levels in fish muscles and those in water 

and sediments. Human health risk from consumption of this fish species from the two rivers was 

also calculated in terms of estimated daily intake and estimated weekly intake and compared with 

FAO/WHO limits. The non-essential heavy metals, Cd and Pb, showed higher bioaccumulation 

factors than the other two metals. The metal accumulation was comparatively more in gills and 

liver compared to skin and muscles. Comparison of the calculated EDI values with TDI values of 

the heavy metals showed that Pb in this fish from River Swat while Ni and Pb from River Barandu 

exceeded the respective recommended limits. Thus, efforts should be made to minimize heavy 

metal contamination in these freshwater ecosystems in order to safeguard the aquatic fauna and 

the health of the fish consumers. 
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Bioaccumulation in Other Fish Species from Malakand Division 

 

Table 7.1 Heavy metal concentrations (mean ± SD) in muscles of different fish species from 

River Swat (Pakistan) at different sampling sites 

 

Site Fish species 
Metal concentration (mg kg−1 wet weight) in muscles 

Cr Ni Cd Pb 

Khwazakhela Carassius auratus 11.5 ± 1.8 13.5 ± 9.0 1.0 ± 0.13 23.8 ± 19.0 

Glyptothorax stocki 10.2 ± 2.0 46.0 ± 55.1 1.0 ± 0.29 25.7 ± 19.9 

Mastacembelus armatus 19.2 ± 4.5 36.5 ± 7.5 0.90 ± 0.26 9.3 ± 9.0 

Salmo trutta fario 17.0 ± 10.2 37.2 ± 31.6 1.5 ± 0.37 15.7 ± 9.1 

Schizothoraichthys esocinus 17.0 ± 6.4 14.2 ± 11.0 1.9 ± 0.51 7.3 ± 2.3 

Schizothorax esocinus 15.5 ± 5.2 54.7 ± 31.0 0.97 ± 0.13 22.5 ± 5.0 

Average 15.1 33.7 1.2 17.4 

Kabal Carassius auratus 14.8 ± 9.0 18.3 ± 6.7 1.2 ± 0.30 21.3 ± 15.1 

Chakdara Garra gotyla 22.3 ± 2.1 14.5 ± 9.2 1.5 ± 0.15 18.3 ± 14.6 

Schizothorax esocinus 14.3 ± 9.7 13.3 ± 1.5 1.7 ± 0.49 17.0 ± 14.0 

Average 18.3 13.9 1.6 17.6 

Batkhela Cyprinus carpio 16.3 ± 6.8 28.5 ± 15.5 1.6 ± 0.50 15.5 ± 11.0 

Garra gotyla 18.5 ± 16.5 29.8 ± 15.3 1.3 ± 0.39 19.2 ± 24.4 

Schizothorax plagiostomus 14.3 ± 10.1 35.4 ± 19.1 1.1 ± 0.25 18.3 ± 5.1 

Average 16.4 31.2 1.3 17.7 

 

Results are shown as mean of three individual fish specimens ± standard deviation. 
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Table 7.2 Heavy metal concentrations (mean ± SD) in muscles of different fish species from 

River Panjkora (Pakistan) at different sampling sites 

 

Site Fish species 
Metal concentration (mg kg−1 wet weight) in muscles 

Cr Ni Cd Pb 

Khall Carassius auratus 29.3 ± 24.2 18.8 ± 14.4 1.8 ± 0.79 20.2 ± 17.5 

Garra gotyla 78.8 ± 31.0 85.0 ± 44.8 2.1 ± 1.0 80.5 ± 123.1 

Glyptothorax cavia 54.8 ± 10.7 50.5 ± 33.9 1.9 ± 0.42 42.0 ± 45.9 

Schizothorax esocinus 68.5 ± 16.0 74.5 ± 4.1 1.0 ± 0.43 61.2 ± 29.1 

Schizothorax plagiostomus 64.7 ± 45.8 103.7 ± 87.9 2.0 ± 0.92 15.5 ± 23.4 

Average 59.2 66.5 1.8 43.9 

Khazana Glyptothorax cavia 21.8 ± 15.0 60.0 ± 6.8 2.1 ± 0.36 17.3 ± 12.7 

Mastacembelus armatus 8.2 ± 4.6 28.5 ± 18.7 1.8 ± 0.18 26.2 ± 22.0 

Tor putitora 48.7 ± 19.3 19.4 ± 14.1 1.6 ± 0.35 35.8 ± 13.7 

Average 26.2 36.0 1.8 26.4 

Shagukas Schizothoraichthys esocinus 10.5 ± 4.5 40.7 ± 44.9 0.70 ± 0.18 25.7 ± 7.9 

Schizothorax plagiostomus 34.7 ± 29.0 29.6 ± 20.4 2.2 ± 0.45 14.2 ± 9.9 

Average 22.6 35.2 1.4 20.0 

 

Results are shown as mean of three individual fish specimens ± standard deviation. 
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Table 7.3 Heavy metal concentrations (mean ± SD) in muscles of different fish species from 

River Barandu (Pakistan) at different sampling sites 

 

Site Fish species 
Metal concentration (mg kg−1 wet weight) in muscles 

Cr Ni Cd Pb 

Toor Warsak Channa gachua 12.5 ± 3.5 19.5 ± 2.8 0.75 ± 0.18 35.0 ± 18.0 

Crossocheilus diplocheilus 14.5 ± 11.8 45.0 ± 46.5 1.2 ± 0.28 7.0 ± 5.9 

Average 13.5 32.2 0.98 21.0 

Elai Channa gachua 6.2A ± 1.8 78.0A ± 33.2 1.0A ± 0.25 15.2A ± 10.2 

Crossocheilus diplocheilus 11.4B ± 5.0 37.6B ± 20.2 1.1B ± 0.47 12.3B ± 6.4 

Average 8.8 57.8 1.0 13.8 

Daggar  Carassius auratus 9.0A ± 1.4 115.5A ± 31.1 1.6A ± 0.07 5.5A ± 2.1 

Channa gachua 12.2 ± 8.1 28.3 ± 21.6 1.6 ± 0.38 36.0 ± 5.0 

Crossocheilus diplocheilus 15.3 ± 3.7 11.8 ± 1.5 1.8 ± 0.61 14.2 ± 5.2 

Tor putitora 14.7 ± 3.5 11.7 ± 10.5 0.87 ± 0.20 5.0 ± 3.5 

Average 12.8 41.8 1.5 15.2 

Dewana Baba Carassius auratus 8.3 ± 2.0 43.0 ± 3.0 1.1 ± 0.39 13.5 ± 14.2 

Channa gachua 8.7 ± 2.4 75.2 ± 15.6 1.4 ± 0.23 14.3 ± 3.2 

Crossocheilus diplocheilus 9.7 ± 2.0 53.8 ± 11.9 2.0 ± 0.20 19.3 ± 17.8 

Average  8.9 57.3 1.5 15.7 

Amean of two 

Bmean of six 

Results are shown as mean of three individual fish specimens ± standard deviation. 



CHAPTER 8         Bioaccumulation in Fish from River Kabul 

 

99 

 

 

Bioaccumulation in Fish from River Kabul 

 

Abstract 

Contamination of freshwater bodies and consequently freshwater fish with toxic heavy metals is a 

serious environmental issue. The trophic transfer of potentially toxic heavy metals in the human 

food chains especially in fish has important implications for human health. The present research 

study was designed to assess the concentrations of the heavy metals Cr, Ni, Cd and Pb in the water, 

sediments and different freshwater fish species of River Kabul, Pakistan. The heavy metals were 

quantified in the samples with Atomic Absorption Spectrophotometer. Heavy metal contamination 

in fish muscles was characterized in terms of metal pollution index and biota-sediments 

accumulation factor while human health risk was assessed through calculation of estimated weekly 

intake. The average concentrations of Cr, Ni, Cd and Pb in muscle samples of the analyzed fish 

species at different sampling sites of the river ranged from 12.3 to 33.0, 33.2 to 109.2, 0.98 to 1.5 

and 13.9 to 29.6 mg kg−1 wet weight respectively. Based on the current study data, consumption 

of the analyzed freshwater fish species from River Kabul was generally safe in terms of potential 

risk from Cd and Pb but the observed Ni accumulation may pose a potential health risk to 

regular/excessive fish consumers. 
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Experimental 

Study Area and Collection of Samples 

River Kabul is a very important freshwater body in Khyber Pakhtunkhwa province of Pakistan. It 

originates at Paghman province of Afghanistan and enters Pakistan at Shalman in Khyber Agency. 

The river flows from west to east in Khyber Pakhtunkhwa province and finally joins River Indus 

at Attock. As the river passes from the valley of Peshawar, it receives industrial and domestic 

wastewaters as well as agricultural run-off. These discharges into the river cause pollution in the 

river and deteriorate its water quality. Water, sediment and fish samples were collected from four 

sites, upstream to downstream, of the river. The names and geographic coordinates of the four 

sampling sites are given in Table 8.1 and are shown in the map of the study area in Figure 8.1. The 

environmental samples were collected according to Csuros and Csuros [16]. The collected samples 

were brought to the laboratory on the same day. Fish identification was done with the help of 

standard literature keys. 

 

Table 8.1 Names and geographic coordinates of the sampling sites on River Kabul, Pakistan 

 

S. No. Site name Latitude Longitude 

1 Warsak Dam 34°0958 N 71°2113 E 

2 Sar Daryab 34°0747 N 71°4122 E 

3 Nowshera 34°0027 N 71°5855 E 

4 Jahangira  33°5705 N 72°1326 E 
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Figure 8.1 Map of the study area showing sampling sites 

 

Preparation of the Environmental Samples and their Metal Analysis 

Water samples were prepared according to Malik and Maurya [9], sediment samples were digested 

according to Jan et al., [163] while the fish samples were digested according to Javed and Usmani 

[190] with modifications. Details of preparation of the water, sediment and fish samples are 

diagrammatically summarized in Figure 8.2. The four selected heavy metals i.e., Cr, Ni, Cd and 

Pb were quantified in the prepared samples with Flame Atomic Absorption Spectrophotometer 

(Perkin-Elmer Model No. 2380). 
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Figure 8.2 Schematic showing summary of sample preparation for metal analysis by AAS 
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Calculation of Metal Pollution Index (MPI) 

Metal pollution index (MPI) shows the gross accumulation of metals in a sample. It is calculated 

by the following equation [167, 168]: 

𝑀𝑃𝐼 (𝜇𝑔 𝑔−1) = (𝐶𝑓1  × 𝐶𝑓2  × ∙ ∙ ∙ ∙ ∙ ∙ ∙ × 𝐶𝑓𝑛)
1

𝑛⁄      ∙ ∙ ∙ ∙ ∙ ∙ ∙ (8.1) 

Where Cfi is the concentration of metal i in the sample. 

A higher value of MPI indicates greater cumulative accumulation of metals in the sample [167]. 

Calculation of Biota-sediments Accumulation Factor (BSAF) 

The Biota-sediments Accumulation Factor (BSAF) shows the ratio of metal concentration in the 

fish to that in the riverine sediments. It was calculated according to the following equation [216]:  

𝐵𝑆𝐴𝐹 =  
𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑡ℎ𝑒 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚

𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑠
       ∙ ∙ ∙ ∙ ∙ ∙ ∙ (8.2) 

BSAF was calculated on dry weight concentrations of the heavy metals in sediments and fish 

muscles. Dry weight-based concentrations of the heavy metals in fish muscles were calculated 

from the corresponding wet weight-based concentrations considering a 75% moisture content in 

the fish muscle samples. 

Risk Assessment for Human Health 

Risk to human health from consumption of fish is calculated based on metal concentrations in the 

edible fish tissue, daily or weekly intake of fish and average body weight of the consumer. The 

potential risk to human health from consumption of the analyzed fish at each sampling site of River 

Kabul was calculated. Risk assessment for each sampling site of the river was based on average 

metal concentrations recorded in the fish at the respective river site. Information on daily fish 

intake in the study area was not available, therefore, daily fish intake was considered as 10 

g/person/day or 70 g/person/week for the general population with low daily fish intake and average 

adult body weight of the consumer was considered as 60 kg as reported for fish from River Chenab, 

Pakistan [150]. 

Estimated weekly intake (EWI) was calculated by the following equation [172]:  

𝐸𝑊𝐼 =  
𝐶𝑚 × 𝐼𝑅𝑤

𝐵𝑊
       ∙ ∙ ∙ ∙ ∙ ∙ ∙ (8.3) 

Where Cm = metal concentration in fish (μg g−1) 

IRw = weekly ingestion rate (g week−1) 

And BW = body weight (kg) 



CHAPTER 8         Bioaccumulation in Fish from River Kabul 

 

104 

 

 Dietary exposure is expressed as μg kg−1 bw. 

Statistical Analysis of Data 

Heavy metal concentrations were reported as mean of three individual samples with standard 

deviations. Experimental data were analyzed with SPSS 16. Mean metal concentrations at different 

river sites were compared using ANOVA (Tukey Test). A p-value of 0.05 was considered for 

statistical significance. 

Results and Discussion 

Metal Concentrations in River Water  

Heavy metal concentrations in water of River Kabul at different sampling sites are given in Table 

8.2. The concentrations of Cr, Ni, Cd and Pb in the river water were in the range of 0.157-0.480, 

0.368-2.120, 0.015-0.038, and 0.337-0.810 mg L−1 respectively. The average concentrations of the 

four heavy metals in the river water followed the order: Ni > Pb > Cr > Cd. The increasing trends 

in concentrations of the heavy metals especially in case of Cd and Pb downstream could be 

expected because of anthropogenic pollution along the course of the river. Higher heavy metal 

concentrations at the middle two sites i.e., Sar Daryab and Nowshera, could be expected due to 

contamination of the river water from industrial effluents, domestic sewage and agricultural run-

off at these sites. Untreated wastewaters from all the industries in Peshawar are discharged into 

River Bara, which ultimately joins River Kabul. The discharge of untreated highly polluted 

industrial wastewaters results in pollution of River Kabul. River Kabul is further polluted down 

the stream by effluents from industries near Nowshera, further deteriorating its water quality [140]. 

Yousafzai et al., [158] have also reported pollution of River Kabul down the stream and localized 

pollution near Nowshera. Previously, Ullah et al., [129] have reported mean Cr, Ni, Cd and Pb 

concentrations of 0.5 ± 0.01, 0.2 ± 0.01, 0.03 ± 0.01 and 0.52 ± 0.01 mg L−1 in water of River 

Kabul, which are generally close to our reported concentrations except for Ni. 
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Table 8.2 Heavy metal concentrations in water of River Kabul (Pakistan) at different sampling 

sites 

Site 
Metal concentration (mg L−1) 

Cr Ni Cd Pb 

Warsak Dam 0.287 ± 0.025 0.757 ± 0.465ab 0.015 ± 0.005b 0.337 ± 0.231 

Sar Daryab 0.157 ± 0.040 1.573 ± 0.716ab 0.023 ± 0.008ab 0.337 ± 0.193 

Nowshera 0.480 ± 0.257 0.368 ± 0.294b 0.038 ± 0.009a 0.810 ± 0.197 

Jahangira   0.237 ± 0.071 2.120 ± 0.799a 0.037 ± 0.008a 0.420 ± 0.277 

Average 0.290 1.204 0.028 0.476 

 

Results are shown as mean of three individual samples ± standard deviation (SD). Means in a 

column followed by different letters are significantly different at p ≤ 0.05 (One Way ANOVA, 

Tukey Test). 

 

Very high variability of trace metal concentrations in natural waters has been attributed to 

natural processes [176]. Javed and Mahmood [181] have reported Ni and Pb concentrations of 0.56 

± 0.10 and 0.37 ± 0.15 mg L−1 respectively in water of River Ravi, Pakistan. Damodharan and 

Reddy [217] have reported Cd and Pb concentrations of 0.003 and 0.002 mg L−1 respectively in 

water of Uppanar River, India. Kumar et al., [66] have reported Pb concentration of 0.048 mg L−1 

in water of a sewage fed fish pond in eastern Kolkata, India. Gupta et al., [182] have reported Cd 

and Pb concentrations of 0-0.012 and 0.02-0.086 ppm respectively in water from river Ganges, 

India. Ebadi and Hisoriev [218] have reported Cr, Cd and Pb concentrations of 2.11-4.59, 0.01-

0.59 and 1.90-4.21 mg L−1 respectively in water from different sites of Tajan River, Iran. 

Metal Concentrations in River Sediments 

Heavy metal concentrations in sediments of River Kabul at different sampling sites are given in 

Table 8.3. The concentrations of Cr, Ni, Cd and Pb in the river sediments were in the range of 23.3 

to 88.7, 56.1 to 251.7, 1.8 to 4.0, and 5.5 to 29.0 mg kg−1 dry weight respectively. The average 

concentrations of the four heavy metals in the river sediments followed the order: Ni > Cr > Pb > 

Cd. The concentrations of the four heavy metals in the river sediments did not show consistent 

trend of change from upstream site to downstream site. Heavy metal concentrations in sediments 
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are affected by different factors including input from different natural and anthropogenic sources 

as well as different physicochemical parameters in the aquatic environment. Kumar et al., [66] 

have reported Cr, Ni and Pb concentrations of 20, 25 and 18 ppm dry weight respectively in 

sediments of a sewage fed fish pond in eastern Kolkata, India. Gupta et al., [182] have reported 

Cd and Pb concentrations of 0.14-1.4 and 4.3-8.4 ppm respectively in sediments from river 

Ganges, India. Very recently, Mohammed et al., [183] have reported Cr, Ni, Cd and Pb 

concentrations in sediments of three rivers in Trinidad, West Indies as 12.8–33.0, 8.2–43.1, 0.40–

2.3 and 22.6–38.3 μg g−1 respectively. Our reported heavy metal concentrations are higher than or 

comparable to those reported by these studies. River Kabul is considered a relatively more polluted 

river in the study area. However, higher heavy metal concentrations found in sediment samples at 

the most upstream site (Warsak Dam) cannot be attributed to anthropogenic sources only. These 

higher concentrations may be due to weathering of metal-containing rocks i.e., lithogenic sources. 

 

Table 8.3 Heavy metal concentrations in sediments of River Kabul (Pakistan) at different 

sampling sites 

Site 
Metal concentration (mg kg−1 dry weight) 

Cr Ni Cd Pb 

Warsak Dam 78.3 ± 36.5 61.3 ± 51.2b 4.0 ± 0.45a 24.0 ± 12.8 

Sar Daryab 25.0 ± 4.4 251.7 ± 62.1a 3.3 ± 1.4ab 5.5 ± 2.3 

Nowshera 88.7 ± 72.9 56.1 ± 26.4b 3.8 ± 0.65ab 9.0 ± 11.4 

Jahangira   23.3 ± 7.2 179.7 ± 67.1ab 1.8 ± 0.23b 29.0 ± 16.5 

Average 53.8 137.2 3.2 16.9 

 

Results are shown as mean of three individual samples ± standard deviation (SD). Means in a 

column followed by different letters are significantly different at p ≤ 0.05 (One Way ANOVA, 

Tukey Test). 

 

Heavy Metal Accumulation in Fish Muscles 

The concentrations of the four selected heavy metals in muscles of different fish species at different 

sampling sites of River Kabul are shown in Table 8.4. The average concentrations of Cr, Ni, Cd 

and Pb in muscle samples of the analyzed fish species at different sampling sites of the river ranged 
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from 12.3 to 33.0, 33.2 to 109.2, 0.98 to 1.5 and 13.9 to 29.6 mg kg−1 wet weight respectively. 

Metal concentrations in the fish muscles generally followed the order: Ni > Pb > Cr > Cd. The 

average concentrations of the heavy metals in the fish samples generally increased from the most 

upstream site Warsak Dam to the polluted site Nowshera and then slightly decreased again at the 

most downstream site Jahangira. Table 8.5 shows a comparison of the present study with other 

studies reporting bioaccumulation of the selected four heavy metals in muscles of freshwater fish 

from different freshwater bodies of Pakistan. 

 

Table 8.4 Heavy metal concentrations (mean ± SD) in muscles of different fish species from 

River Kabul (Pakistan) at different sampling sites 

Site Fish species 
Metal concentration (mg kg−1 wet weight) in muscles 

Cr Ni Cd Pb 

Warsak Dam Clupisoma naziri 15.7 ± 4.3 31.2 ± 19.9 1.3 ± 0.13 7.5 ± 4.9 

Glyptothorax cavia 13.3 ± 3.9 46.0 ± 11.0 1.7 ± 0.22 33.7 ± 16.5 

Glyptothorax punjabensis 8.0 ± 1.8 39.0 ± 24.4 1.3 ± 0.26 15.5 ± 11.8 

Average 12.3 38.7 1.4 18.9 

Sar Daryab Barilius vagra 9.5 ± 4.0 98.3 ± 46.0 1.6 ± 0.29 16.2 ± 1.8 

Clupisoma naziri 13.7 ± 1.8 98.8 ± 42.0 1.1 ± 0.20 9.5 ± 10.0 

Glyptothorax cavia 15.7 ± 6.2 116.3 ± 45.6 1.4 ± 0.36 16.2 ± 8.5 

Tor putitora 12.0 ± 4.0 94.5 ± 27.7 1.2 ± 0.18 13.7 ± 12.4 

Average  12.7 102.0 1.3 13.9 

Nowshera Cirrhinus mrigala 40.2 ± 32.5 38.4 ± 12.2 2.0 ± 0.37 41.0 ± 23.8 

Clupisoma naziri 37.3 ± 37.5 19.8 ± 7.7 1.3 ± 0.70 18.3 ± 17.0 

Cyprinus carpio 38.7 ± 25.6 45.5 ± 47.6 1.0 ± 0.24 34.2 ± 23.5 

Notopterus chitala 15.8 ± 10.6 29.2 ± 22.0 1.6 ± 0.51 25.0 ± 17.4 

Average 33.0 33.2 1.5 29.6 

Jahangira Cirrhinus mrigala 15.3 ± 7.7 106.2 ± 19.6 1.3 ± 0.32 19.5 ± 7.8 

Clupisoma naziri 16.2 ± 4.1 129.0 ± 35.3 0.90 ± 0.18 15.2 ± 15.7 

Cyprinus carpio 11.0 ± 1.5 122.5 ± 49.4 0.82 ± 0.10 26.7 ± 12.7 

Schizothorax plagiostomus 9.0 ± 4.4 79.0 ± 15.2 0.92 ± 0.55 20.3 ± 13.5 

Average 12.9 109.2 0.98 20.4 

 

Results are shown as mean of three individual fish specimens ± standard deviation. 
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Table 8.5 List of some studies reporting bioaccumulation of the selected four heavy metals in muscles of freshwater fish from 

different freshwater bodies of Pakistan 

Freshwater body Fish species 
Concentration (µg g−1 wet weight) 

Reference 
Cr Ni Cd Pb 

River Chenab  Catla catla  0.40 0.34 0.08  0.20  [150] 

Cirrhinus reba  0.21 0.14 0.10  0.14  

Sperata sarwari  0.45 0.19 0.07  0.14  

Wallago attu  0.67 0.26 0.12  0.31  

River Kabul Cyprinus carpio 0.024 ± 0.008   0 [63] 

Labeo rohita 0.019 ± 0.006   0 

River Barandu Tor putitora 0.28-1.66 0.09-0.32 0.02-0.09 0.11-0.27 [138] 

Tarbela Lake Catla catla 0.17 ± 0.03 0.26 ± 0.06  0.16 ± 0.04 [219] 

Cyprinus carpio 0.23 ± 0.07 0.22 ± 0.05  0.23 ± 0.03 

Tor putitora 0.18 ± 0.02 0.18 ± 0.02  0.18 ± 0.02 

River Swat Oncorhynchus mykiss 0.23 ± 0.06 0.19 ± 0.02  0.16 ± 0.04 [219] 

River Kabul Wallago attu 91.3 ± 27.7 446.0 ± 378.0 509.7 ± 386.1 60.3 ± 34.7 [159] 

River Indus Wallago attu  0.003-0.005 0.03-0.08  [70] 

River Kabul Wallago attu 533.3 ± 206.1 106.7 ± 6.8 68.0 ± 15.0 599.3 ± 188.3 [155] 

Labeo dyocheilus  647.3 ± 105.1 117.7 ± 33.5 66.7 ± 8.5 528.7 ± 236.4 

River Kabul Aorichthys seenghala 565.3 ± 148.7 94.7 ± 33.3 60.7 ± 17.2 350.7 ± 37.2 [188] 

Ompok bimaculatus  703.0 ± 125.3 135.0 ± 52.6 71.7 ± 12.1 407.0 ± 126.6 
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River Panjkora Schizothorax plagiostomus  ND ND 0.01-0.09 [187] 

Rawal Lake Cyprinus carpio 2.4  0.74 8.8 [192] 

River Ravi Cirrhina mrigala 1.8 ± 0.14 2.0 ± 0.10   [194] 

Labeo rohita 1.6 ± 0.07 1.9 ± 0.12   

Catla catla 1.6 ± 0.09 1.8 ± 0.16   

River Kabul Cyprinus carpio 489.0 ± 49.7 74.7 ± 17.3 53.3 ± 2.9 226.3 ± 222.2 [211] 

River Ravi Edible fish   0.40 2.7 [220] 

Non-edible fish   0.35 2.1 

Rawal Lake Mastacembelus armatus    1.5 [193] 

Labeo rohita    3.9 

Channa aruleus    5.4 

Tarbela Reservoir Notopterus chitala  0.10 1.3 1.0 1.7 [179] 

Mastacembelus armatus 0.89 0.76 0.08 2.1 

Channa marulius 0.11 0.01 0.17 0.02 

Labeo calbasu 0.21 0.04 0.66 0.28 

Rawal Lake Labeo rohita .07 .05 0.02  0.08 [127] 

Freshwater lakes Six fish species  0.12-2.3 0.14-2.7 0.02-1.2 0.06-4.1 [221] 

 ND = not detected 
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Table 8.5 shows very broad ranges for concentrations of heavy metals in muscle tissue of different 

fish species from different freshwater bodies of Pakistan. The reasons for such broad concentration 

ranges include dependence of heavy metal accumulation in fish tissues on various internal and 

external factors in addition to heavy metal concentrations in the aquatic environment. Internal 

factors include fish characteristics such as taxa, age and size, feeding guild and habits, 

regulatory/detoxification mechanisms for heavy metals etc. while external factors include various 

physicochemical factors in the aquatic environment as well as climatic conditions. Additionally, 

choice of sample preparation and analysis methodology may also affect results of heavy metal 

analysis in different biota samples. Our reported heavy metal concentrations in muscle tissue of 

freshwater fish from River Kabul generally fall within the range covered in Table 8.5 for muscles 

of freshwater fish from different freshwater bodies of Pakistan. The table shows that few studies 

have reported very high concentrations of these heavy metals in muscles of fish from River Kabul. 

Concentrations of Cr, Ni, Cd and Pb reported in muscles of freshwater fish from some other 

countries are given below for comparison. 

Chromium (Cr) 

Although an essential element, Cr is a highly toxic heavy metal. Hexavalent Cr, Cr(VI) has been 

reported to be carcinogenic. In this study, the average concentrations of Cr found in muscles of 

different fish species at Warsak Dam, Sar Daryab, Nowshera and Jahangira were 12.3, 12.7, 33.0 

and 12.9 ppm wet weight respectively. Cr concentrations in fish muscles in the literature have been 

reported as 19.7 ± 1.1 ppm wet weight in Mastacembelus armatus from River Ganga, India [222]; 

5.5 ± 1.5, 4.3 ± 1.4, 3.6 ± 1.6, 18.8 ± 1.7, and 5.1 ± 0.96 ppm wet weight in Puntius ticto, Puntius 

sophore, Puntius chola, Labeo rohita, and Glossogobius giuris respectively from Buriganga River, 

Bangladesh [223]; 1.15 ± 0.41 ppm in Oreochromis niloticus from Gomti River at Lucknow, India 

[68]; 8.6 ppm wet weight in fish from Kwilu-Ngongo River, Congo [189]; 27.1 and 50.1 ppm in 

Puntius ticto and Heteropneustes fossilis respectively from Kali River, India [9]. 

Nickel (Ni) 

Ni is a potentially toxic heavy metal, which has been reported to be carcinogenic and to cause 

allergy. Average Ni concentrations found in fish muscles in this study at the above-mentioned 

sampling sites were 38.7, 102.0, 33.2 and 109.2 ppm wet weight respectively. Ni concentrations 

in fish muscles in the literature have been reported as 4.6 ± 0.9 ppm wet weight in Mastacembelus 

armatus from River Ganga, India [222]; 59.0 ± 0.06 ppm dry weight in Mastacembelus armatus 
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from an effluent polluted canal in India [190]; 1.6 ± 0.27, 1.2 ± 0.30, 1.0 ± 0.52, 6.6 ± 0.24, and 

0.73 ± 0.19 ppm wet weight in Puntius ticto, Puntius sophore, Puntius chola, Labeo rohita, and 

Glossogobius giuris respectively from Buriganga River, Bangladesh [223]; 6.4 ppm wet weight in 

fish from Kwilu-Ngongo River, Congo [189]; 34.1 ± 1.45, 21.0 ± 1.7 and 10.8 ± 2.0 ppm dry 

weight in Channa punctatus, Clarias gariepinus and Labeo rohita respectively collected from a 

fish market in Alligarh, India [201].  

Cadmium (Cd) 

Cd is a biologically nonessential and toxic heavy metal. It has been reported to be carcinogenic, 

mutagenic and endocrine disruptor. Average Cd concentrations in the fish muscles were 1.4, 1.3, 

1.5 and 0.98 ppm wet weight at Warsak Dam, Sar Daryab, Nowshera and Jahangira respectively. 

Cd concentrations in fish muscles in the literature have been reported as 4.4 ± 0.9 ppm wet weight 

in Mastacembelus armatus from River Ganga, India [222]; 0.02 ± 0.0, 0.02 ± 0.0, 0.01 ± 0.0, 0.04 

± 0.0, and 0.01 ± 0.0 ppm wet weight in Puntius ticto, Puntius sophore, Puntius chola, Labeo 

rohita, and Glossogobius giuris respectively from Buriganga River, Bangladesh [223]; 20.8 and 

42.4 ppm in Puntius ticto and Heteropneustes fossilis respectively from Kali River, India [9]; 0.026 

to 0.048 and 0.034-0.056 ppm in Channa punctatus and Aorichthys aor respectively from River 

Ganges at Allahabad, India [182]; 0.03-0.11 ppm wet weight in three tilapia species from some 

inland waters in Egypt [61]. 

Lead (Pb) 

Pb is also a biologically nonessential and toxic heavy metal. It has been reported to affect nervous 

system, cause memory damage and learning disabilities and to cause iron-deficiency anemia, 

especially in children. Average Pb concentrations in the studied fish samples were found to be 18.9 

ppm wet weight at Warsak Dam, 13.9 at Sar Daryab, 29.6 at Nowshera and 20.4 at Jahangira. Pb 

concentrations in fish muscles in the literature have been reported as 30.3 ± 6.4 ppm wet weight 

in Mastacembelus armatus from River Ganga, India [222]; 3.0 ± 0.09, 3.2 ± 0.08, 2.3 ± 0.08, 7.0 

± 0.23, and 1.8 ± 0.10 ppm wet weight in Puntius ticto, Puntius sophore, Puntius chola, Labeo 

rohita, and Glossogobius giuris respectively from Buriganga River, Bangladesh [223]; 1.57 ± 0.14 

ppm in Oreochromis niloticus from Gomti River at Lucknow, India [68]; 6.0 ppm wet weight in 

fish from Kwilu-Ngongo River, Congo [189]; 8.6 and 24.1 ppm in Puntius ticto and 

Heteropneustes fossilis respectively from Kali River, India [9]; 1.9-2.9 and 2.5-3.9 ppm in Channa 

punctatus and Aorichthys aor respectively from River Ganges at Allahabad, India [182]. 
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Metal Pollution Index  

Metal pollution index shows the gross accumulation of heavy metals in a sample and therefore 

shows a relatively more informative picture of the overall contamination of a sample with heavy 

metals. The values of MPI in the fish muscles at the different sampling sites of River Kabul are 

shown in Table 8.6. MPI values at Warsak Dam, Sar Daryab, Nowshera and Jahangira were 10.59, 

12.37, 14.85 and 12.95 respectively. These values show more gross accumulation of heavy metals 

downstream as compared to that at the most upstream site. It is evident that MPI value is highest 

at Nowshera, which is considered as a polluted site on River Kabul because of discharge of 

untreated industrial effluents and domestic sewage as well as agricultural run-off into the river 

water from the urban areas of Peshawar and Nowshera. 

 

Table 8.6 Biota-sediments accumulation factor (BSAF) and metal pollution index (MPI) values 

of four heavy metals for freshwater fish from River Kabul (Pakistan) at different sampling sites 

 

Site 
BSAF 

MPI 
Cr Ni Cd Pb 

Warsak Dam 0.63 2.53 1.43 3.15 10.59 

Sar Daryab 2.03 1.62 1.58 10.09 12.37 

Nowshera 1.49 2.37 1.58 13.17 14.85 

Jahangira   2.21 2.43 2.26 2.82 12.95 

Average 1.59 2.24 1.71 7.31  

 

 

Biota-sediments Accumulation Factor  

The BSAF values of the selected four heavy metals for freshwater fish from River Kabul at 

different sampling sites are shown in Table 8.6. BSAF is a ratio of heavy metal concentration in 

the aquatic organism tissue to that in the sediments and indicates the enrichment of the heavy metal 

in the analyzed tissue relative to that in the sediments. Although heavy metal accumulation in fish 

depends on many factors other than the metal concentration in sediments, BSAF values for the 

studied heavy metals generally increased downstream. The order of average BSAF values of the 

four selected heavy metals was: Pb > Ni > Cd > Cr. Since BSAF values inversely depend on metal 
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concentrations in sediments, therefore BSAF values cannot be used for judgement of absolute 

accumulation of heavy metals in biota, they only show metal accumulation in the fish relative to 

the metal level in the sediments. However, BSAF values of heavy metals may be indicative of the 

mobility and bioavailability of these elements in the aquatic environment. 

The BSAF values of Cr, Ni, Cd and Pb found in this study were 0.63-2.21, 1.62-2.53, 1.43-

2.26 and 2.82-13.17 respectively. Ziyaadini et al., [216] have reported BSAF values for heavy 

metals in the mollusk Chiton lamyi from different sites of Chabahar Bay, Iran, as Ni (0.24-0.64), 

Cd (1.98-3.28) and Pb (0.27-0.58). Our reported BSAF values for Cd are comparable while those 

for Ni and Pb are higher than those reported by the above-mentioned study. 

Correlation between Metal Accumulation in Fish and Metal Concentrations in Water and 

Sediments 

It is important to know the correlation between heavy metal concentrations in fish and those in the 

ambient water and sediments. It is generally expected that heavy metal accumulation in fish will 

positively correlate with the metal levels in the ambient water and sediments. However, the real 

situation in the actual environment is not simple because many factors other than metal levels in 

the environment affect such accumulation. These factors include fish characteristics such as fish 

physiology and regulatory/detoxification mechanisms for heavy metals as well as different 

external physicochemical environmental factors and climatic conditions. The correlation plots of 

the four selected heavy metals for water and sediments are shown in Figures 8.3 and 8.4 

respectively. 

Figure 8.3 shows the plots of average (of different fish species) heavy metal concentrations 

in muscle samples at different sampling sites versus mean concentrations of the metals in water at 

these sampling sites. Cr accumulation in the fish muscles was strongly positively correlated with 

the metal concentration in water with R2 value of 0.8379 (Figure 8.3a), Ni was also strongly 

positively correlated with R2 value of 0.9327 (Figure 8.3b), Cd was very weakly negatively 

correlated with R2 value of 0.0829 (Figure 8.3c) while Pb was also strongly positively correlated 

with R2 value of 0.8869 (Figure 8.3d). Thus, heavy metal accumulation in the fish muscles was 

strongly positively correlated with the metal concentrations in the water except for Cd, in which 

case a very weak negative correlation was observed. 
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Figure 8.3 Correlation plots for heavy metal accumulation in freshwater fish muscles and 

corresponding heavy metal concentrations in river water 

 

Figure 8.4 shows the plots of average (of different fish species) heavy metal concentrations 

in muscle samples at different sampling sites versus mean concentrations of the metals in 

sediments at these sampling sites. Cr accumulation in the fish muscles was moderately positively 

correlated with the metal concentration in sediments with R2 value of 0.4294 (Figure 8.4a), Ni was 

strongly positively correlated with R2 value of 0.8570 (Figure 8.4b), Cd was also strongly 
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positively correlated with R2 value of 0.9185 (Figure 8.4c) while Pb was very weakly negatively 

correlated with R2 value of 0.0017 (Figure 8.4d). Thus, heavy metal accumulation in the fish 

muscles was moderately to strongly positively correlated with the metal concentrations in the 

sediments except for Pb, in which case a very weak negative correlation was observed. 

 

 

 

Figure 8.4 Correlation plots for heavy metal accumulation in freshwater fish muscles and 

corresponding heavy metal concentrations in river sediments 
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Human Health Risk Assessment 

The potential risk to human health through consumption of the analyzed fish from River Kabul 

was calculated in terms of EWI and compared with the guideline values of World Health 

Organization (WHO) and Food and Agriculture Organization (FAO). Results of the human health 

risk assessment are shown in Table 8.7. EWI values greater than the respective provisional 

tolerable weekly intake (PTWI) values were marked with an asterisk (*). EWI values for Cd were 

lower than the PTWI value at all sampling sites of the river. EWI values for Pb were also lower 

than the PTWI value at all sampling sites except Nowshera, the most polluted site. However, EWI 

values for Ni were higher than the PTWI value at all sampling sites. Thus, consumption of the 

analyzed freshwater fish species from River Kabul was generally safe in terms of potential risk 

from Cd and Pb but the observed Ni accumulation may pose a potential health risk to 

regular/excessive fish consumers. The higher accumulation of Ni in the analyzed fish species could 

not be explained alone from anthropogenic contamination of the river water and sediments. 

Therefore, the input of this metal in the river may result from natural sources such as release from 

weathering of Ni-containing rocks in the area. 

 

Table 8.7 Risk assessment for human health through consumption of freshwater fish from River 

Kabul, Pakistan 

Site 
EWI 

Cr Ni Cd Pb 

Warsak Dam - 45.3* 1.6 22.1 

Sar Daryab - 119.3* 1.5 16.3 

Nowshera - 38.8* 1.8 34.6* 

Jahangira - 127.8* 1.2 23.9 

Average - 82.8* 1.5 24.2 

PTWI - 35a 7b 25b 

PTWI = provisional tolerable weekly intake (µg/week/kg bw) 

EWI = estimated weekly intake (µg/week/kg bw) 

a WHO [173] 

b FAO/WHO [174] 

*EWI higher than respective PTWI 
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Conclusions 

Freshwater ecosystems such as rivers, lakes and streams are vulnerable to heavy metal pollution 

due to various human activities. It is very important to assess and monitor the levels of potentially 

toxic heavy metals in riverine waters and sediments as well as in the resident biota. The present 

research study was designed to assess the concentrations of four potentially toxic heavy metals 

viz. Cr, Ni, Cd and Pb in the water, sediments and different freshwater fish species of River Kabul, 

Pakistan. Metal concentrations in the fish muscles generally followed the order: Ni > Pb > Cr > 

Cd. MPI values at Warsak Dam, Sar Daryab, Nowshera and Jahangira were 10.59, 12.37, 14.85 

and 12.95 respectively. These values show more gross accumulation of heavy metals downstream 

as compared to that at the most upstream site. Heavy metal accumulation in the fish muscles mostly 

showed strong positive correlation with the metal concentrations in both water and sediments 

except for Cd in water and Pb in sediments, in which cases a very weak negative correlation was 

observed. Human health risk assessment based on data of the current study showed that 

consumption of the analyzed freshwater fish species from River Kabul was generally safe in terms 

of potential risk from Cd and Pb but the observed Ni accumulation may pose a potential health 

risk to regular/excessive fish consumers.  
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Bioaccumulation in Fish from River Shah Alam 

 

Abstract 

Contamination of aquatic ecosystems with toxic heavy metals is an important environmental issue. 

Assessment of heavy metal accumulation in freshwater fish is important for knowing the extent of 

pollution in the freshwater ecosystems and for protecting the health of fish consumers. The present 

study was designed to assess the concentrations of Cr, Ni, Cd and Pb in water, sediments and 

different fish species of River Shah Alam, a tributary of River Kabul in Khyber Pakhtunkhwa, 

Pakistan. The different environmental samples were collected from the river, downstream the city 

of Peshawar, and analyzed for the selected heavy metals by atomic absorption spectrophotometry. 

Heavy metal accumulation was studied in muscles of six fish species collected from the river. 

Heavy metal accumulation was also studied in other tissues such as skin, gills, liver and kidneys 

of two fish species i.e., Clupisoma naziri and Mastacembelus armatus. Cr concentrations in fish 

muscles ranged from 30.5 ± 41.9 to 70.8 ± 12.1 mg kg−1 wet weight, Ni from 16.7 ± 10.2 to 103.5 

± 114.1 mg kg−1 wet weight, Cd from 1.1 ± 0.18 to 2.5 ± 0.21 mg kg−1 wet weight and Pb from 

29.7 ± 18.3 to 97.7 ± 95.4 mg kg−1 wet weight. Metal concentrations in muscle samples of the 

different six fish species showed random variations. Inter-species differences were statistically not 

significant, most probably due to more variance within samples. Comparative metal accumulation 

in the five different tissues of C. naziri and M. armatus did not show a consistent trend across the 

studied tissues. 
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Experimental 

Study Area 

River Shah Alam is a tributary of River Kabul and receives sewage from Peshawar city through 

Ganda Erab and Budni Nalla and from 30 villages in the surroundings. Therefore, River Shah 

Alam is considered as a more polluted river [114]. A map of the study area with the sampling site 

is shown in Figure 9.1. 

 

 

 

Figure 9.1 Map of the study area showing the sampling site 

 

Collection, Preparation and Analysis of Samples  

The environmental samples were collected according to Csuros and Csuros [16] and transported 

to the laboratory with proper care and arrangements. Water samples were prepared according to 
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Malik and Maurya [9], sediment samples were digested according to Jan et al., [163] while the fish 

samples were digested according to Javed and Usmani [190] with modifications. The sample 

preparation is systematically summarized in Figure 9.2. The four selected heavy metals i.e., Cr, 

Ni, Cd and Pb were quantified in the prepared samples with Flame Atomic Absorption 

Spectrophotometer (Perkin-Elmer Model No. 2380). 

 

Figure 9.2 Preparation of different environmental samples for analysis by atomic absorption 

spectrophotometry (AAS) 
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Statistical Analyses  

Results are shown as mean ± standard deviation, from three independent experiments. Data were 

analyzed with SPSS version 16. Mean metal concentrations at different study sites were compared 

using One-Way ANOVA (Tukey Test). A p-value of 0.05 was considered for statistical 

significance. 

 

Results and Discussion 

Metal Concentrations in Water and Sediments 

The concentrations of the four heavy metals in the water and sediments of River Shah Alam are 

given in Table 9.1. The concentrations of these metals in both water and sediments followed the 

order: Ni > Cr > Pb > Cd. Previously, Khan et al., [160] have reported the concentrations (mg L−1) 

of heavy metals in water of River Shah Alam as: Cr (0.02), Ni (0.65), Cd (0.03), and Pb (0.09). 

Usman et al., [224] have reported Cr, Cd and Pb concentrations of 0.04-2.01, 0.2-0.69 and 1.01-

1.23 ppm respectively in water of River Shah Alam, which are higher than our reported 

concentrations. Tabinda et al., [225] have reported Cr and Ni concentrations of 0.16 ± 0.89 and 

0.04 ± 0.03 mg L−1 respectively in water from River Sutlej, Pakistan, which are lower than our 

reported concentrations. Ebadi and Hisoriev [218] have reported Cr, Cd and Pb concentrations of 

2.11-4.59, 0.01-0.59 and 1.90-4.21 ppm respectively in water from different sites of Tajan River, 

Iran; these values are also higher than our reported concentrations. 

 

Table 9.1 Concentrations (mean ± SD, n = 3) of heavy metals in water and sediments of River 

Shah Alam, Khyber Pakhtunkhwa, Pakistan 

 

Metal Concentration in water (mg L−1) Concentration in sediments (mg kg−1 dry weight) 

Cr 0.800 ± 0.322 47.0 ± 20.9 

Ni 2.373 ± 0.999 159.3 ± 150.8 

Cd 0.049 ± 0.024 4.4 ± 0.42 

Pb 0.443 ± 0.152 36.3 ± 19.1 
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 Tabinda et al., [225] have reported Cr and Ni concentrations of 35.0 ± 7.3 and 21.8 ± 5.2 

ppm respectively in sediments from River Sutlej, Pakistan, which are lower than our reported 

concentrations. Miri et al., [226] have reported Cd, Ni and Pb concentrations of 0.22-5.8, 10.0-

17.6 and 5.6-14.9 ppm respectively in sediments of Chabahar Bay, Iran, which are also lower than 

our reported concentrations. Metal concentrations in both water and sediments depend on several 

factors and fluctuate from site to site due to their variable natural and anthropogenic sources. The 

sources of the selected heavy metals in our study area result from the weathering of rocks, 

agricultural run-off, domestic sewage and industrial effluents especially wastewaters from marble 

factories. 

 

Metal Concentrations in Fish 

Metal concentrations in muscles of different fish species are shown in Table 9.2. Metal 

concentrations in muscle samples of the different six fish species showed random variations. A 

high degree of randomness in heavy metal distribution has also been reported in the muscles of 

different six fish species from five freshwater lakes of Pakistan [221]. Inter-species differences 

were statistically not significant, most probably due to more variance within samples. 

 

Table 9.2 Metal concentrations (mean ± SD, n = 3) in different fish species from River Shah 

Alam, Khyber Pakhtunkhwa, Pakistan 

 

Fish species 
Metal concentration (mg kg−1 wet weight) 

Cr Ni Cd Pb 

Barilius vagra 40.2 ± 39.4 58.3 ± 39.9 1.9 ± 0.94 29.7 ± 18.3 

Clupisoma naziri 31.0 ± 28.5 103.5 ± 114.1 2.5 ± 0.21 62.7 ± 51.9 

Glyptothorax cavia 30.5 ± 41.9 78.0 ± 53.2 1.5 ± 0.52 57.2 ± 49.5 

Glyptothorax punjabensis  32.2 ± 21.0 99.7 ± 44.3 2.0 ± 0.76 40.5 ± 30.1 

Mastacembelus armatus 57.5 ± 12.5 72.7 ± 93.0 1.4 ± 0.28 97.7 ± 95.4 

Notopterus chitala 70.8 ± 12.1 16.7 ± 10.2 1.1 ± 0.18 51.0 ± 46.5 
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Cr 

Cr concentrations in muscles ranged from 30.5 ± 41.9 in Glyptothorax cavia to 70.8 ± 12.1 mg 

kg−1 wet weight in Notopterus chitala. Cr concentrations in fish muscles in the literature have been 

reported as 2.0 ± 0.74, 1.8 ± 0.84 and 1.5 ± 0.49 ppm in Cirrhina mrigala, Labeo rohita and Catla 

catla respectively from River Sutlej, Pakistan [225]; 0.123-2.3 ppm wet weight in six fish species 

from five freshwater lakes of Pakistan [221]; 5.5 ± 1.5, 4.3 ± 1.4, 3.6 ± 1.6, 18.8 ± 1.7, and 5.1 ± 

0.96 ppm wet weight in Puntius ticto, Puntius sophore, Puntius chola, Labeo rohita, and 

Glossogobius giuris respectively from Buriganga river, Bangladesh [223]; 0.17 ± 0.03, 0.23 ± 0.07 

and 0.18 ± 0.02 ppm in Catla catla, Cyprinus carpio and Tor putitora respectively from Tarbela 

Lake, Pakistan while 0.23 ± 0.06 ppm in Oncorhynchus mykiss from River Swat, Pakistan [219]; 

19.7 ± 1.1 ppm wet weight in Mastacembelus armatus from River Ganga, India [222]. Our reported 

Cr concentrations in fish muscles are higher than those reported by the above-mentioned studies. 

Ni 

Ni concentrations in muscles ranged from 16.7 ± 10.2 in Notopterus chitala to 103.5 ± 114.1 mg 

kg−1 wet weight in Clupisoma naziri. Ni concentrations in fish muscles in the literature have been 

reported as 1.3 ± 0.67, 1.2 ± 0.50 and 1.1 ± 0.72 ppm in Cirrhina mrigala, Labeo rohita and Catla 

catla respectively from River Sutlej, Pakistan [225]; 0.14-2.7 ppm wet weight in six fish species 

from five freshwater lakes of Pakistan [221]; 1.6 ± 0.27, 1.2 ± 0.30, 1.0 ± 0.52, 6.6 ± 0.24, and 

0.73 ± 0.19 ppm wet weight in Puntius ticto, Puntius sophore, Puntius chola, Labeo rohita, and 

Glossogobius giuris respectively from Buriganga river, Bangladesh [223]; 0.26 ± 0.06, 0.22 ± 0.05 

and 0.18 ± 0.02 ppm in Catla catla, Cyprinus carpio and Tor putitora respectively from Tarbela 

Lake, Pakistan while 0.19 ± 0.02 ppm in Oncorhynchus mykiss from River Swat, Pakistan [219]; 

4.6 ± 0.9 ppm wet weight in Mastacembelus armatus from River Ganga, India [222]. Our reported 

Ni concentrations in fish muscles are higher than those reported by the above-mentioned studies. 

Cd 

Cd concentrations in muscles ranged from 1.1 ± 0.18 in Notopterus chitala to 2.5 ± 0.21 mg kg−1 

wet weight in Clupisoma naziri. Cd concentrations in fish muscles in the literature have been 

reported as 0.40 and 0.35 ppm in edible and non-edible fish respectively from River Ravi, Pakistan 

while 0.45 ppm in edible farmed fish from fish farms at Manawan, Lahore [220]; 0.02-1.2 ppm 

wet weight in six fish species from five freshwater lakes of Pakistan [221]; 4.4 ± 0.9 ppm wet 
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weight in Mastacembelus armatus from River Ganga, India [222]. Our reported Cd concentrations 

in fish muscles are comparable to those reported by the above-mentioned studies. 

Pb 

Pb concentrations in muscles ranged from 29.7 ± 18.3 in Barilius vagra to 97.7 ± 95.4 mg kg−1 

wet weight in Mastacembelus armatus. Pb concentrations in fish muscles in the literature have 

been reported as 2.7 and 2.1 ppm in edible and non-edible fish respectively from River Ravi, 

Pakistan while 3.0 ppm in edible farmed fish from fish farms at Manawan, Lahore [220]; 0.06-4.1 

ppm wet weight in six fish species from five freshwater lakes of Pakistan [221]; 0.16 ± 0.04, 0.23 

± 0.03 and 0.18 ± 0.02 ppm in Catla catla, Cyprinus carpio and Tor putitora respectively from 

Tarbela Lake, Pakistan while 0.16 ± 0.04 ppm in Oncorhynchus mykiss from River Swat, Pakistan 

[219]; 30.3 ± 6.4 ppm wet weight in Mastacembelus armatus from River Ganga, India [222]. Our 

reported Pb concentrations in fish muscles are generally higher than those reported by the above-

mentioned studies. 

As mentioned earlier, our reported heavy metal concentrations in fish muscles are generally 

higher than or comparable to those reported by the above-mentioned studies. However, our 

reported heavy metal concentrations are lower than those reported by Siraj et al., [188] in muscles 

of fish collected from River Kabul near Nowshera. Their reported Cr, Ni, Cd and Pb concentrations 

were 565.3 ± 148.7, 94.7 ± 33.3, 60.7 ± 17.2 and 350.7 ± 37.2 ppm wet weight respectively in 

Aorichthys seenghala while 703.0 ± 125.3, 135.0 ± 52.6, 71.7 ± 12.1 and 407.0 ± 126.6 ppm wet 

weight respectively in Ompok bimaculatus. Similarly, Ahmad et al., [155] have reported heavy 

metal concentrations, much higher than our reported values, in muscles of different edible fish 

species from River Kabul. Their reported corresponding concentrations of Cr, Ni, Cd and Pb were 

533.3 ± 206.1, 106.7 ± 6.8, 68.0 ± 15.0, and 599.3 ± 188.3 in Wallago attu; 565.3 ± 148.7, 94.7 ± 

33.3, 60.7 ± 17.2, and 350.7 ± 37.2 in Aorichthys seenghala; 489.0 ± 49.7, 74.7 ± 17.3, 53.3 ± 2.9, 

and 226.3 ± 222.2 in Cyprinus carpio; 647.3 ± 105.1, 117.7 ± 33.5, 66.7 ± 8.5, and 528.7 ± 236.4 

in Labeo dyocheilus while 703.0 ± 125.3, 135.0 ± 52.6, 71.7 ± 12.1, and 407.0 ± 126.6 in Ompok 

bimaculatus. 

   

Comparison of Tissue Metal Accumulation  

Figure 9.3 shows the comparative accumulation of the four heavy metals in different tissues of 

C. naziri and M. armatus. 



CHAPTER 9            Bioaccumulation in Fish from River Shah Alam 

125 

 

 

 

Figure 9.3 Comparative accumulation of heavy metals in different tissues of Clupisoma naziri 

and Mastacembelus armatus 

Results are shown as mean ± SE (n = 3) 

 

Among fish tissues, usually higher metal accumulation is observed in metabolically active tissues 

such as liver, kidneys and gills as compared to muscles. In this study, metal concentrations in 

different tissues of the two studied fish species followed this order: 
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For C. naziri: 

Cr: Gills > kidneys > liver > skin = muscles  

Ni: Skin > liver > gills > kidneys > muscles  

Cd: Muscles > liver > kidneys > skin > gills  

Pb: Muscles > liver > gills > skin > kidneys  

For M. armatus: 

Cr: Kidneys > gills > muscles > skin > liver  

Ni: Kidneys > gills > muscles > liver > skin  

Cd: Kidneys > liver > gills > muscles  skin  

Pb: Kidneys > muscles > liver > skin > gills  

 

 

 Rauf et al., [203] have reported highest Cd and Cr accumulation in liver among six fish 

tissues for three major carps from River Ravi, Pakistan. Khan et al., [114] have reported heavy 

metal concentrations in different fish tissues as: liver ≥ gills > muscles. Mohammadi Rouzbahani 

[227] has also reported gills and liver as the target tissues for accumulation of heavy metals in two 

fish species from the Persian Gulf, Iran. However, Ahmed et al., [219] have found higher heavy 

metal accumulation in liver and skin than in gills and muscles. 

 Yousafzai and Shakoori [207] have reported heavy metals concentrations (ppm wet weight) 

in gills of the freshwater fish Tor putitora at control, polluted site 1 and polluted site 2 respectively 

of River Kabul, Pakistan as: Cr (5.3 ± 0.18, 6.6 ± 0.07 and 6.0 ± 0.38); Ni (53.3 ± 8.4, 128 ± 8.8 

and 133 ± 7.3); Pb (219.3 ± 31.4, 313.7 ± 29.9 and 321 ± 9.8). These values are lower (Cr), 

comparable to (Ni) and higher (Pb) than our reported metal concentrations in gills of C. naziri and 

M. armatus. 

 

Conclusions 

Metal concentrations in muscle samples of the different six fish species showed random variations. 

A high degree of randomness in heavy metal distribution has also been reported in the muscles of 

different fish species from other freshwater bodies of Pakistan. Inter-species differences were 

statistically not significant, most probably due to more variance within samples. Comparative 

metal accumulation in the five different tissues of C. naziri and M. armatus did not show a 

consistent trend across the studied tissues. 
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Assessment of HM Contents in Commercial Inorganic Fertilizers 

 

 

 

 

 

Abstract 

Heavy metals are known environmental pollutants due to their toxicity, persistence in the 

environment and bioaccumulative nature. Among the anthropogenic sources of heavy metals, 

application of chemical fertilizers to agricultural soils, is also a potential source. This study 

investigated the contents of four potentially toxic heavy metals i.e., Cr, Ni, Cd and Pb in different 

commercial inorganic fertilizers marketed in Malakand Division, Pakistan. Samples were analyzed 

for heavy metals through atomic absorption spectrophotometer. Results showed that 

phosphate/phosphorus fertilizers had higher heavy metal (except Pb) concentrations than 

ammonium sulfate. It is important to monitor the concentrations of toxic heavy metals in 

commercial inorganic fertilizers and to make efforts to minimize the input of heavy metals to 

agricultural soils through application of these agrochemicals. 
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Experimental 

Collection, Preparation and Analysis of Samples 

Samples of five commercial inorganic fertilizers viz. single superphosphate (SSP), nitrogen 

phosphate (NP), diammonium phosphate (DAP), ammonium sulfate (AS) and nitrogen-

phosphorus-potassium (NPK) were collected from the local markets. Fertilizer samples were 

digested according to Semu and Singh [47] with modifications: A 0.5 g finely powdered fertilizer 

sample was digested with 10 mL of aqua regia. The digestate was filtered and the filtrate volume 

was raised to 50 mL with distilled water. Heavy metal analysis was arranged with Flame Atomic 

Absorption Spectrophotometer. 

Statistical Analysis 

Metal concentrations are reported as mean of three individual samples with standard error. 

Concentrations in fertilizer samples were compared using ANOVA, Tukey test using p-value of 

0.05 for statistical significance. Data were analyzed using SPSS 16. 

Results and Discussion 

Heavy Metal Contents in Commercial Inorganic Fertilizers 

The concentrations of the selected four heavy metals in the studied commercial inorganic fertilizers 

are shown in Figure 10.1. The concentrations of Cr in single superphosphate, nitrogen phosphate, 

diammonium phosphate, ammonium sulfate and NPK were 39.3 ± 4.4, 90.7 ± 44.2, 52.3 ± 29.0, 

33.3 ± 12.4 and 72.0 ± 16.1 ppm respectively. The phosphate/phosphorus fertilizers had higher Cr 

levels than ammonium sulfate. The corresponding Ni concentrations in these fertilizers were 99.7 

± 48.4, 54.9 ± 22.1, 40.8 ± 19.4, 16.7 ± 4.8 and 69.3 ± 59.4 ppm. Again, the phosphate/phosphorus 

fertilizers had higher Ni levels than ammonium sulfate. Cd concentrations in these fertilizers were 

4.6 ± 0.33, 4.5 ± 0.52, 4.1 ± 0.52, 2.2 ± 0.56 and 4.0 ± 0.48 ppm respectively. Cd concentrations 

in phosphate/phosphorus fertilizers were also, significantly, higher than that in ammonium sulfate. 

Pb concentrations in these fertilizers were 43.3 ± 24.9, 45.0 ± 23.8, 44.7 ± 17.5, 60.0 ± 52.5, and 

118.3 ± 45.7 ppm respectively. Unlike the other three heavy metals, Pb concentrations in 

phosphate/phosphorus fertilizers were lower than that in ammonium sulfate except in NPK. 

Modaihsh et al., [228] have also found higher concentrations of these four heavy metals in 

phosphate fertilizers as compared to those in other types of commercial inorganic fertilizers used 

in Saudi Arabia. They observed that contents of these heavy metals in the fertilizers were highly 

correlated with their P contents. 
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Figure 10.1 Heavy metal concentrations in different commercial inorganic fertilizers. 

Concentrations are shown as mean of three individual samples, error bars show standard error. 

Mean values with different letters indicate that values are significantly different at p  0.05 

(ANOVA, Tukey Test) 

Note: SSP = single superphosphate, NP = nitrogen phosphate, DAP = diammonium phosphate, 

AS = ammonium sulfate, NPK = nitrogen phosphorus potassium 
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Phosphate fertilizers may contain 7-38 ppm total Ni, 0.1-170 ppm total Cd, and 7-225 ppm 

total Pb [46]. Al-Faiyz et al., [229] have reported Cd concentration of 2.9 ppm in triple 

superphosphate. Atafar et al., [81] have reported Cd and Pb concentrations of 6.7 ± 0.40 and 5.0 ± 

0.50 ppm in triple superphosphate from Iran. Benson et al., [230] have reported Ni, Cd and Pb 

concentrations of 5.3, 2.6 and 6.6 ppm respectively in superphosphate fertilizer commercially 

available in Nigeria. Gimeno-García et al., [80] have found that, among the fertilizers tested, 

highest concentrations of heavy metals i.e., Co, Cu, Zn and Cd were present as impurities in 

superphosphate fertilizer. Krüger et al., [33] have reported Cr concentrations of 57 and 177 ppm 

in phosphate rock of magmatic origin and phosphate rock of sedimentary origin respectively from 

Germany. Table 10.1 shows a comparison of concentrations of the four selected heavy metals 

found in the present study with those in commercial inorganic fertilizers and phosphate rocks 

reported in the literature. 

 

Table 10.1 Comparison of heavy metal concentrations found in the present study with those in 

commercial inorganic fertilizers and phosphate rocks reported in the literature 

 

Country Fertilizer 
Metal concentration (ppm) 

Reference 
Cr Ni Cd Pb 

Argentina Phosphate fertilizersa  29.7 17.9 10.1 12.2 [29] 

Germany TSP 77.6 — — — [33] 

Nigeria NPK 4.6-18.7 14.4-17.4 2.8-11.3 7.4-9.0 [82] 

Saudi Arabia Phosphate fertilizersb  276.8 72.3 32.2 17.8 [228] 

Spain Superphosphate --- ND 2.2 ND [80] 

Sri Lanka NPK 2.6-23.7 1.3-1.4 0.4-0.6 2.6-3.8 [231] 

TSP 19.2-65.9 10.6-35.2 2.3-46.1 41.1-80.2 

Tanzania  Phosphate rock --- 4.5-94 0.045-0.25 3.5-82.0 [47] 

Pakistan SSP 39.3 99.7 4.6 43.3 Present 

study NP 90.7 54.9 4.5 45.0 

DAP 52.3 40.8 4.1 44.7 

AS 33.3 16.7 2.2 60.0 

NPK 72.0 69.3 4.0 118.3 

amean content; bmean of DAP, MAP and TSP; ND = not detected 
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MAP = monoammonium phosphate, TSP = triple superphosphate, SSP = single superphosphate, 

NP = nitrogen phosphate, DAP = diammonium phosphate, AS = ammonium sulfate, NPK = 

nitrogen phosphorus potassium 

 

It is important to monitor the concentrations of toxic heavy metals in commercial inorganic 

fertilizers and to make efforts to minimize the input of heavy metals to agricultural soils through 

application of these agrochemicals. Fertilizer application has increased many fold in Pakistan 

during the last few decades [115]. Semu and Singh [47] have reported the effect of phosphate 

fertilizers on the concentration of Cd in tobacco leaves. They have reported Cd concentration of 

0.084 ± 0.027 ppm in tobacco lower leaves from low input soils while 0.159 ± 0.086 ppm in lower 

leaves from high input soils. The danger posed by phosphate fertilizers to human health is 

considerable because huge quantities of these fertilizers are added to agricultural soils annually 

[27]. Supply of phosphate rock with low Cd content is limited. Furthermore, removal of Cd from 

phosphate rock using currently available methods will significantly enhance the costs of the 

fertilizers [36]. 

Conclusions and Recommendations 

Heavy metals are released into the environment from a variety of natural and anthropogenic 

sources. Application of chemical fertilizers to agricultural soils is also a potential source of heavy 

metal contamination in these soils. Monitoring of toxic heavy metals in commercial inorganic 

fertilizers is important in order to minimize heavy metal contamination in agricultural soils and 

protect human health. Results of the present study showed that phosphate/phosphorus fertilizers 

had higher heavy metal (except Pb) concentrations than ammonium sulfate. Efforts should be made 

to reduce the content of toxic heavy metals in commercial inorganic fertilizers, especially in 

phosphate fertilizers. Regulatory agencies should regularly monitor heavy metal levels in 

inorganic fertilizers especially in phosphate fertilizers. The manufacturers of chemical inorganic 

fertilizers, especially of phosphate fertilizers, should be advised to indicate the concentrations of 

toxic heavy metals on the fertilizer labels.  
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Experimental 

Collection, Preparation and Analysis of Samples 

A total of 57 paddy plant and 57 associated soil samples were collected from rice fields during 

harvesting time from different selected locations along River Swat, River Panjkora and River 

Kabul. The soil samples were air dried at room temperature, crushed and passed through a < 2 mm 

sieve [35]. Soil samples were digested with aqua regia (HCl:HNO3, 3:1) [163]. The rice plants 

were thoroughly washed with tap water to remove adhering dust and soil particles and then rinsed 

with distilled water. They were separated into roots, stem, leaves and grains. The rice grains and 

hull were separated mechanically. The separated plant parts were placed in china dishes in an 

electric oven and dried at 105°C until constant weight. The dried samples were first ground in an 

electric grinder and then in mortal and pestle to make a fine powder. A 0.5 g dried and finely 

powdered plant sample was digested with 7.5 mL HNO3 (65%) and 2.5 mL HClO4 (70%). The 

digestate was filtered and the filtrate volume was raised to 50 mL with distilled water. Heavy metal 

analysis was performed with a Flame Atomic Absorption Spectrophotometer. 

 

Calculation of Bioconcentration Factor and Translocation Factor 

Bioconcentration factor (BCF) and translocation factor (TF) are indices of the extent of metal 

transfer from soil-to-shoot and root-to-shoot, respectively. They are calculated by the following 

equations: 

 

𝐵𝐶𝐹 =  
𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑝𝑙𝑎𝑛𝑡 𝑎𝑏𝑜𝑣𝑒 − 𝑔𝑟𝑜𝑢𝑛𝑑 𝑝𝑎𝑟𝑡 

𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑠𝑜𝑖𝑙 
 

 

𝑇𝐹 =  
𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑝𝑙𝑎𝑛𝑡 𝑎𝑏𝑜𝑣𝑒 − 𝑔𝑟𝑜𝑢𝑛𝑑 𝑝𝑎𝑟𝑡 

𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑟𝑜𝑜𝑡𝑠 
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Results and Discussion 

Heavy Metal Concentrations in Paddy Soil 

Cr concentrations in paddy soil in rice fields along River Swat, River Panjkora and River Kabul 

were 14.7-45.3, 12.5-26.3, and 18.0-48.3, ppm respectively. Ni concentrations in soil along these 

respective rivers were 41.0-142.0, 29.3-51.0, and 24.7-119.3 ppm. Cd concentrations were 1.7-

3.8, 1.1-2.4, and 1.8-4.1 ppm respectively while Pb concentrations were 10.7-64.3, 22.2-37.0, and 

15.0-93.3 ppm respectively. Spiegel [7] have reported mean Cr, Ni, Cd and Pb concentrations of 

38.7, 28.0, 0.27 and 31.5 ppm in top soil from Austrian region while 58.1, 29.6, 0.39 and 28.3 ppm 

in top soil from Slovakian region. Zhuang et al., [166] have reported Cd and Pb concentrations of 

5.5 and 386 ppm respectively in paddy soil at Fandong, China. Fu et al., [232] have reported Cd 

concentrations of 0.55-7.86 ppm in paddy soil samples from southeast China. 

The maximum allowable concentrations (MAC) of heavy metals in agricultural soils in 

China are: Cr = 250, Ni = 40, Cd = 0.30 and Pb = 250 ppm [233]. 

 

Heavy Metal Concentrations in Rice Plants 

The soil-crop-food pathway is a major route for human exposure to toxic heavy metals [232]. 

Consumption of rice is one of the major routes for exposure of humans to toxic heavy metals [234]. 

Results of the analysis of heavy metals in paddy soil and plant samples are presented in tables 

11.1-11.12. In case of heavy metal accumulation in rice grains, each heavy metal has been 

discussed separately. 
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Table 11.1 Cr concentration (mean ± SD) in paddy soil and rice plants along different sites of River Swat, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Thana Mardanai Sela 14.7 ± 3.5 23.7 ± 10.8 29.3 ± 9.9 39.7 ± 4.7 29.0 ± 8.2 1.98 1.22 

China Basmati 23.0 ± 16.6 27.3 ± 7.2 23.7 ± 5.1 21.7 ± 3.8 15.7 ± 6.4 0.68 0.57 

Chakdara China Begamai 21.3 ± 11.2 31.3 ± 3.1 21.7 ± 3.1 26.3 ± 4.5 26.7 ± 7.4 1.25 0.85 

Mardanai 45.3 ± 8.4 13.3 ± 1.5 31.0 ± 7.2 31.3 ± 11.5 21.7 ± 11.0 0.48 1.63 

Garma Sela 25.0 ± 5.6 22.3 ± 7.6 35.0 ± 5.3 35.3 ± 11.7 32.7 ± 6.8 1.31 1.46 

Sara Sela  22.7 ± 15.0 30.0 ± 5.3 35.0 ± 4.0 33.7 ± 18.8 24.7 ± 5.9 1.09 0.82 

Badwan China Basmati  30.3 ± 10.7 20.3 ± 10.1 31.7 ± 4.5 26.7 ± 2.5 26.3 ± 3.5 0.87 1.30 

Garma Sela 36.7 ± 14.0 25.0 ± 9.6 34.3 ± 2.5 15.3 ± 5.9 29.3 ± 3.5 0.80 1.17 

Amandara China Basmati 16.3 ± 2.1 63.3 ± 47.7 28.3 ± 12.9 35.0 ± 14.8 29.7 ± 9.7 1.82 0.47 

Garma Sela 30.7 ± 21.1 34.0 ± 14.4 17.0 ± 1.0 28.7 ± 1.2 15.0 ± 2.6 0.49 0.44 

Batkhela China Basmati 28.7 ± 6.1 105.8± 57.6 29.0 ± 12.3 37.0 ± 15.1 15.3 ± 3.1 0.54 0.14 

 

Results are shown as mean of three individual samples. 
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Table 11.2 Cr concentration (mean ± SD) in paddy soil and rice plants along different sites of River Panjkora, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Haji Abad  China 26.3 ± 2.5 81.7 ± 16.3 19.3 ± 1.5 30.7 ± 13.6 17.3 ± 3.1 0.66 0.21 

Khazana Sara Sela  12.5 ± 5.3 26.2 ± 10.7 13.8 ± 7.5 14.7 ± 1.6 20.0 ± 6.5 1.6 0.76 

 

Results are shown as mean of three individual samples. 

 

Table 11.3 Cr concentration (mean ± SD) in paddy soil and rice plants along different sites of River Kabul, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Warsaka Polo Wala  39.7 ± 9.1 35.3 ± 14.4 22.7 ± 5.7 26.0 ± 7.2 20.7 ± 11.9 0.52 0.58 

Adezaib  Mota Chawal 22.7 ± 9.1 35.0 ± 12.3 24.0 ± 13.1 30.0 ± 12.3 28.7 ± 1.5 1.26 0.82 

Rajar Mota Chawal 23.3 ± 15.4 28.0 ± 8.9 58.7 ± 2.5 40.7 ± 9.3 28.7 ± 9.3 1.23 1.02 

Nowsherac  Mota Chawal 18.0 ± 4.6 22.7 ± 7.4 28.7 ± 4.5 35.0 ± 8.9 27.3 ± 8.3 1.52 1.21 

Nowsherad  Kotado  24.0 ± 12.3 46.6 ± 10.7 43.3 ± 9.1 20.0 ± 6.6 27.7 ± 9.7 1.15 0.59 

Watanai Ghati 48.3 ± 27.6 20.3 ± 12.3 23.7 ± 10.8 41.0 ± 8.9 28.7 ± 2.5 0.59 1.41 

aPatwar Payeen; bBadin Kalay; cBabaji Kalay; dGodam Korona  

Results are shown as mean of three individual samples. 
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Table 11.4 Ni concentration (mean ± SD) in paddy soil and rice plants along different sites of River Swat, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Thana Mardanai Sela 89.7 ± 58.4 57.3 ± 38.5 62.0 ± 50.1 91.3 ± 83.7 40.0 ± 20.1 0.45 0.70 

China Basmati 104 ± 56.5 63.7 ± 27.5 89.3 ± 50.3 69.7 ± 21.7 57.7 ± 20.7 0.55 0.91 

Chakdara China Begamai 85.0 ± 68.8 131.3 ±75.1 33.7 ± 10.7 53.7 ± 60.3 56.7 ± 48.3 0.67 0.43 

Mardanai 55.7 ± 37.6 97.0 ± 70.7 72.7 ± 44.8 83.7 ± 42.1 31.0 ± 22.3 0.56 0.32 

Garma Sela 68.7 ± 77.9 34.7 ± 19.1 41.3 ± 17.0 64.7 ± 38.1 52.3 ± 39.0 0.76 1.51 

Sara Sela  51.3 ± 46.1 132.7 ±18.9 50.3 ± 30.9 51.7 ± 29.2 38.7 ± 23.0 0.75 0.29 

Badwan China Basmati  84.0 ± 11.0 241.3 ±48.2 98.3 ±120.4 86.7 ± 49.2 81.0 ± 55.0 0.96 0.34 

Garma Sela 41.0 ± 36.4 74.3 ± 57.0 75.3 ± 53.5 65.0 ± 11.8 19.7 ± 11.0 0.48 0.26 

Amandara China Basmati 142.0 ±29.7 143.3 ±71.8 43.7 ± 52.2 69.0 ± 11.0 118.7 ±57.7 0.84 0.83 

Garma Sela 116.0 ±32.2 117.7 ±84.0 36.3 ± 21.9 29.7 ± 18.2 38.0 ± 33.0 0.33 0.32 

Batkhela China Basmati 68.3 ± 58.2 106.7 ±70.2 59.3 ± 54.6 62.7 ± 39.1 90.7 ± 95.5 1.33 0.85 

 

Results are shown as mean of three individual samples. 
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Table 11.5 Ni concentration (mean ± SD) in paddy soil and rice plants along different sites of River Panjkora, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Haji Abad  China 29.3 ± 17.2 85.8 ± 84.3 92.3 ± 75.6 35.0 ± 7.0 57.7 ± 18.0 1.97 0.67 

Khazana Sara Sela  51.0 ± 25.6 93.3 ± 36.1 43.2 ± 20.3 32.2 ± 28.1 24.0 ± 21.0 0.47 0.26 

 

Results are shown as mean of three individual samples. 

 

Table 11.6 Ni concentration (mean ± SD) in paddy soil and rice plants along different sites of River Kabul, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Warsaka Polo Wala  112.7 ±77.7 54.0 ± 45.4 61.0 ± 63.4 83.0 ± 56.4 85.0 ± 44.1 0.75 1.57 

Adezaib  Mota Chawal 45.3 ± 20.1 91.7 ± 16.4 26.7 ± 16.2 50.7 ± 52.6 92.7 ± 42.1 2.04 1.01 

Rajar Mota Chawal 24.7 ± 18.5 59.0 ± 25.9 73.3 ± 12.4 43.0 ± 62.4 117.7±100.3 4.77 1.99 

Nowsherac  Mota Chawal 94.3 ± 34.5 57.0 ± 48.4 48.7 ± 39.4 102.0 ±46.1 59.0 ± 18.1 0.63 1.04 

Nowsherad  Kotado  53.3 ± 27.5 148.1±151.8 121.3 ±38.4 64.0 ± 46.0 50.7 ± 35.8 0.95 0.34 

Watanai Ghati 119.3 ±83.5 88.3 ± 23.6 68.3 ± 65.2 47.3 ± 35.6 34.3 ± 25.0 0.29 0.39 

aPatwar Payeen; bBadin Kalay; cBabaji Kalay; dGodam Korona  

Results are shown as mean of three individual samples. 
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Table 11.7 Cd concentration (mean ± SD) in paddy soil and rice plants along different sites of River Swat, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Thana Mardanai Sela 3.6 ± 1.6 3.7 ± 1.0 2.1 ± 0.81 2.0 ± 0.71 3.1 ± 1.1 0.86 0.82 

China Basmati 1.7 ± 0.66 1.9 ± 1.0 2.8 ± 0.46 1.8 ± 0.31 3.3 ± 0.56 1.94 1.76 

Chakdara China Begamai 2.7 ± 0.79 6.8 ± 1.9 2.1 ± 0.47 2.7 ± 0.96 1.4 ± 0.45 0.53 0.21 

Mardanai 2.1 ± 1.2 3.0 ± 0.40 1.8 ± 0.40 3.6 ± 0.25 3.0 ± 0.72 1.43 0.99 

Garma Sela 3.8 ± 0.25 2.6 ± 0.94 2.2 ± 0.67 2.0 ± 0.71 4.1 ± 0.81 1.08 1.58 

Sara Sela  3.6 ± 0.50 2.2 ± 0.36 2.3 ± 0.85 2.1 ± 0.79 4.0 ± 0.46 1.12 1.82 

Badwan China Basmati  2.9 ± 0.45 1.7 ± 0.40 2.1 ± 0.45 3.8 ± 1.7 4.1 ± 0.35 1.39 2.44 

Garma Sela 3.4 ± 0.70 1.9 ± 0.35 1.7 ± 0.51 3.5 ± 0.36 2.2 ± 0.55 0.66 1.16 

Amandara China Basmati 2.1 ± 0.81 6.8 ± 1.9 2.9 ± 1.7 4.3 ± 0.20 2.7 ± 0.91 1.29 0.39 

Garma Sela 2.5 ± 0.91 3.6 ± 1.4 3.1 ± 0.67 2.1 ± 0.45 2.5 ± 0.46 1.01 0.69 

Batkhela China Basmati 1.7 ± 0.35 9.6 ± 0.52 2.0 ± 0.72 3.4 ± 1.7 2.9 ± 0.35 1.69 0.31 

 

Results are shown as mean of three individual samples. 
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Table 11.8 Cd concentration (mean ± SD) in paddy soil and rice plants along different sites of River Panjkora, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Haji Abad  China 2.4 ± 0.93 8.4 ± 4.3 3.4 ± 1.6 3.3 ± 0.15 1.9 ± 0.96 0.78 0.23 

Khazana Sara Sela  1.1 ± 0.34 2.4 ± 1.8 2.4 ± 0.29 1.4 ± 0.57 1.2 ± 0.30 1.16 0.51 

 

Results are shown as mean of three individual samples. 

 

Table 11.9 Cd concentration (mean ± SD) in paddy soil and rice plants along different sites of River Kabul, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Warsaka Polo Wala  3.0 ± 1.2 2.9 ± 1.0 4.1 ± 0.25 2.4 ± 0.64 1.4 ± 0.46 0.46 0.49 

Adezaib  Mota Chawal 4.1 ± 0.21 3.2 ± 1.9 1.5 ± 0.21 2.5 ± 0.79 2.6 ± 0.70 0.64 0.82 

Rajar Mota Chawal 3.4 ± 0.56 2.4 ± 1.2 2.1 ± 0.35 3.0 ± 0.99 2.8 ± 1.0 0.82 1.18 

Nowsherac  Mota Chawal 2.4 ± 0.93 2.8 ± 1.1 1.9 ± 0.53 2.1 ± 0.46 4.2 ± 0.78 1.72 1.47 

Nowsherad  Kotado  1.8 ± 0.46 4.1 ± 0.52 3.2 ± 1.8 1.7 ± 0.30 3.2 ± 1.3 1.78 0.79 

Watanai Ghati 2.1 ± 0.64 3.3 ± 0.30 3.9 ± 0.25 2.9 ± 1.4 2.1 ± 0.51 0.97 0.63 

aPatwar Payeen; bBadin Kalay; cBabaji Kalay; dGodam Korona  

Results are shown as mean of three individual samples. 
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Table 11.10 Pb concentration (mean ± SD) in paddy soil and rice plants along different sites of River Swat, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Thana Mardanai Sela 24.7 ± 18.2 18.7 ± 17.6 24.7 ± 16.1 31.7 ± 28.0 26.7 ± 17.6 1.08 1.43 

China Basmati 18.3 ± 10.5 31.7 ± 14.0 36.7 ± 31.0 27.7 ± 13.6 27.7 ± 22.6 1.51 0.87 

Chakdara China Begamai 64.3 ± 46.2  31.3 ± 21.0 50.0 ± 11.4 42.0 ± 9.8 69.3 ± 14.0 1.08 2.21 

Mardanai 52.7 ± 32.3 38.7 ± 3.2 52.3 ± 27.1 36.3 ± 16.2 33.7 ± 38.6 0.64 0.87 

Garma Sela 24.0 ± 19.2 27.3 ± 21.5 25.3 ± 8.4 41.7 ± 8.1 40.3 ± 21.4 1.68 1.48 

Sara Sela  17.7 ± 22.9 50.0 ± 45.2 35.7 ± 21.1 49.3 ± 32.6 27.0 ± 24.3 1.53 0.54 

Badwan China Basmati  11.3 ± 6.8 42.7 ± 22.7 16.0 ± 6.2 33.3 ± 11.8 38.0 ± 13.4 3.35 0.89 

Garma Sela 22.0 ± 14.5 28.3 ± 25.8 39.3 ± 45.9 41.0 ± 6.6 27.0 ± 24.9 1.23 0.95 

Amandara China Basmati 59.0 ± 58.6 100.8 ± 69.0 82.3 ± 37.7 39.0 ± 21.5 12.3 ± 7.6 0.21 0.12 

Garma Sela 41.7 ± 49.1 71.0 ± 28.5 63.3 ± 11.2 33.3 ± 10.3 47.7 ± 20.0 1.14 0.67 

Batkhela China Basmati 10.7 ± 6.7 136.7 ± 55.6 24.0 ± 13.1 17.0 ± 10.2 47.3 ± 12.1 4.44 0.35 

 

Results are shown as mean of three individual samples. 
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Table 11.11 Pb concentration (mean ± SD) in paddy soil and rice plants along different sites of River Panjkora, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Haji Abad  China 37.0 ± 24.6 118.3 ± 85.5 58.3 ± 31.6 37.0 ± 43.5 23.7 ± 16.8 0.64 0.20 

Khazana Sara Sela  22.2 ± 12.5 75.6 ± 12.8 33.3 ± 19.2 11.5 ± 6.5  15.7 ± 15.0 0.71 0.21 

 

Results are shown as mean of three individual samples. 

 

Table 11.12 Pb concentration (mean ± SD) in paddy soil and rice plants along different sites of River Kabul, Pakistan 

 

Site 
Rice variety 

(local name) 

Concentration (mg kg−1 dry weight) 
BCF TF 

Soil Roots Stem Leaves Grains 

Warsaka Polo Wala  93.3 ± 81.2 41.7 ± 11.0 35.7 ± 15.6 39.7 ± 32.6 28.7 ± 29.1 0.31 0.69 

Adezaib  Mota Chawal 47.7 ± 16.8 27.7 ± 22.5 54.0 ± 47.6 53.0 ± 28.0 16.7 ± 12.7 0.35 0.60 

Rajar Mota Chawal 54.7 ± 36.5 47.7 ± 21.9 41.0 ± 49.0 22.0 ± 12.2 88.0 ± 50.7 1.61 1.85 

Nowsherac  Mota Chawal 47.3 ± 55.3 45.0 ± 29.3 80.0 ± 21.7 20.0 ± 11.8 27.0 ± 7.0 0.57 0.60 

Nowsherad  Kotado  15.0 ± 7.6 84.8 ± 34.6 64.7 ± 17.1 34.3 ± 48.4 52.3 ± 10.7 3.49 0.62 

Watanai Ghati 29.7 ± 16.2 45.0 ± 34.0 13.0 ± 7.9 53.0 ± 58.6 44.7 ± 15.3 1.51 0.99 

aPatwar Payeen; bBadin Kalay; cBabaji Kalay; dGodam Korona  

Results are shown as mean of three individual samples. 
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Chromium (Cr) 

Cr concentrations in rice grains from rice fields along River Swat, River Panjkora and River Kabul 

were 15-32.7, 17.3-20.0, and 20.7-28.7 ppm, respectively. Tattibayeva et al., [235] have reported 

Cr concentrations of 0.21 and 0.13 ppm in unpolished and milled rice samples respectively from 

Kazakhstan. Our reported Cr concentrations in rice grain samples are much higher than those of 

the above-mentioned study. 

 

Nickel (Ni) 

Ni concentrations in rice grains from rice fields along River Swat, River Panjkora and River Kabul 

were 19.7-118.7, 24.0-57.7, and 34.3-117.7 ppm, respectively. 

 

Cadmium (Cd) 

Cd concentrations in rice grains from rice fields along River Swat, River Panjkora and River Kabul 

were 1.4-4.1, 1.2-1.9, and 1.4-4.2 ppm, respectively. Ke et al., [77] have reported Cd 

concentrations of 0.011-1.167 ppm in rice from five polluted areas of China. Satpathy et al., [234] 

have reported Cd concentrations of 0.02 to 0.6, 0.11 to 0.2, 0.2 to 0.3 and 0.02 to 0.05 ppm in soil, 

root, shoot and grain respectively in rice fields from east coast of India. Fu et al., [236] have 

reported Cd concentration of 0.10 ppm in rice grain from Fuzhou city, China. Naseri et al., [237] 

have reported Cd concentrations of 0.27-0.47 and 0.29-0.48 ppm in domestically cultivated and 

imported rice respectively marketed in Shiraz, Iran.  Zhuang et al., [166] have reported Cd 

concentration of 0.38-7.0 ppm in rice grain from Dabaoshan mine area, China. Chamannejadian 

et al., [238] have reported Cd concentrations of 0.06-0.52 ppm with a mean of 0.27 ± 0.12 ppm in 

rice from Iran. Our reported Cd concentrations in rice grain samples are higher than or comparable 

to those reported by the above-mentioned studies. 

 

Lead (Pb) 

Pb concentrations in rice grains from rice fields along River Swat, River Panjkora and River Kabul 

were 12.3-69.3, 15.7-23.7, and 16.7-88.0 ppm, respectively. Zazouli et al., [239] have reported Pb 

concentration of 11.50 ± 6.40 ppm in rice from Iran. Satpathy et al., [234] have reported Pb 

concentrations of 5.3 to 19.8, 3.6 to 5.3, 0.3 to 1.2 and 0.01 to 1.0 ppm in soil, root, shoot and grain 

respectively in rice fields from east coast of India. Fu et al., [236] have reported Pb concentration 
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of 0.069 ppm in rice grain from Fuzhou city, China. Naseri et al., [237] have reported Pb 

concentrations of 0.71-1.3 and 0.76-2.0 ppm in domestically cultivated and imported rice 

respectively marketed in Shiraz, Iran. Orisakwe et al., [54] have reported Pb concentration of 61.2 

ppm in rice from Owerri, Nigeria. Zhuang et al., [166] have reported Pb concentration of 0.24-

0.80 ppm in rice grain from Dabaoshan mine area, China. Chamannejadian et al., [238] have 

reported Pb concentrations of 0.10-0.22 ppm with a mean of 0.12 ± 0.02 ppm in rice from Iran. 

Our reported Pb concentrations in rice grain samples are also higher than or comparable to those 

reported by the above-mentioned studies. 

 

Heavy Metal Accumulation in Rice Grains in Comparison to Other Rice Plant Parts  

Concentrations of the heavy metals were mostly lower in rice grains compared to heavy metal 

concentrations in roots, stem and leaves. Compared to other parts of rice plant i.e., roots, straw and 

hull, rice grains have least content of toxic heavy metals [46]. The average concentrations of four 

heavy metals i.e., Cu, Zn, Cd and Pb in rice plants from Dabaoshan mine area, China, have been 

reported to be in the order: stalk > husk > grain [166]. Fu et al., [232] have reported higher 

concentrations of different heavy metals except Co in rice hull compared to those in polished rice 

from a contaminated area in China.   

 

Correlation of Heavy Metal Levels in Rice Grains and those in Soil 

The correlation plots for heavy metal concentrations between paddy soil and rice grains are shown 

in Figure 11.1. The correlations for all the four heavy metals were very weak with R2 values of 

0.0128 for Cr, 0.0152 for Ni, 0.0703 for Cd and 0.0082 for Pb. Fu et al., [232] have also reported 

low or poor correlation of heavy metal concentrations in hull and polished rice with those in soil. 

Solubility of metals in soil increases with decrease of the pH value of the soil and therefore uptake 

of metals by plants is higher in acidic soils [238]. 

Bioaccumulation of heavy metals in plants depends on many factors in addition to heavy 

metal concentrations in soil. These factors include physical and chemical properties of the soil, 

bioavailability of the heavy metals in soil and the physiology of the plant species. Bioavailability 

of heavy metals in soil in turn depends on many physicochemical properties of soils such as pH, 

content of organic matter, cation exchange capacity etc. Thus, heavy metal accumulation in plants 

depends on many other factors in addition to heavy metal concentrations in soil and plant species. 
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Therefore, variations and fluctuations in heavy metal concentrations in rice plants can be expected 

in sites with variable soil physicochemical properties and anthropogenic impact. 

 

  

  

 

Figure 11.1 Correlation plots for heavy metal concentrations between paddy soil and rice grains 
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Abstract 

Accumulation of toxic heavy metals in tobacco leaves is a potential threat to tobacco smokers 

because these toxicants reach the human body through inhalation of cigarette smoke. This study 

investigated the contents of four potentially toxic heavy metals i.e., Cr, Ni, Cd and Pb in tobacco 

plants from different sites of Khyber Pakhtunkhwa province, Pakistan. Samples were analyzed for 

heavy metals through atomic absorption spectrophotometer. Average concentrations of Cr, Ni, Cd 

and Pb in tobacco leaves were 83.0 ± 55.9, 89.1 ± 76.1, 3.8 ± 1.2, and 65.0 ± 56.9 mg kg−1 dry 

weight respectively. The bioconcentration factor (BCF) values of these metals generally showed 

moderate negative correlation with their respective concentrations in soil with R2 values of 0.5498, 

0.3573, 0.6687 and 0.5578 respectively. 

 



CHAPTER 12        Bioaccumulation in Tobacco (Nicotiana tabacum) 

 

147 

 

Experimental 

Sample Collection   

Tobacco plants along with the associated soil samples were collected from eight pre-selected sites 

representing six different districts of Khyber Pakhtunkhwa province, Pakistan. Names and 

geographical coordinates of the sampling sites are listed in Table 12.1. Tobacco plants were 

transported to the laboratory, washed thoroughly with tap water and then distilled water in order 

to remove adhering soil and dust particles. The thoroughly washed tobacco plants were separated 

into roots, stems and leaves and dried before analysis. 

 

Table 12.1 Details and geographic coordinates of sampling sites 

Site Code Site Name and District Latitude Longitude 

S1 Tindodag, Swat 34°4355N 72°1657E 

S2 Chakdara, Dir Lower 34°4007N 72°0315E 

S3 Nawagai, Buner 34°2420N 72°3340E 

S4 Swari, Buner 34°2837N 72°2903E 

S5 Swabi, Swabi 34°0751N 72°2816E 

S6 Shergarh, Mardan 34°2414N 71°5255E 

S7 Jalala, Mardan 34°2045N 71°5301E 

S8 Harichand, Charsadda  34°2217N 71°4906E 

 

Preparation and Analysis of Samples 

The soil samples were air dried at room temperature, crushed and passed through a < 2 mm sieve 

[35]. Soil samples were digested with aqua regia (HCl:HNO3, 3:1) [163]. The separated plant parts 

i.e., roots and leaves were placed in paper bags in the oven and dried at 105°C until constant weight 

and then finely ground with mortar and pestle. A 0.5 g dried and finely powdered plant sample 

was digested with 7.5 mL HNO3 (65%) and 2.5 mL HClO4 (70%). The digestate was filtered and 

the filtrate volume was raised to 50 mL with distilled water. Heavy metal analysis was performed 

with a Flame Atomic Absorption Spectrophotometer. 
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Calculation of Bioconcentration Factor  

The transfer of the metals from soil to tobacco plant was quantified in terms of bioconcentration 

factor (BCF), which is a ratio of metal concentration in plant above-ground part to its concentration 

in soil and is calculated by the following equation: 

𝐵𝐶𝐹 =  
𝐶𝑝𝑙𝑎𝑛𝑡 

𝐶𝑠𝑜𝑖𝑙
 

Where Cplant is metal concentration in plant (leaves) and Csoil is metal concentration in soil. 

Statistical Analysis 

Metal concentrations are reported as mean of three individual samples with standard error or 

standard deviation, as mentioned. Concentrations in fertilizer, soil or tobacco samples were 

compared using ANOVA, Tukey test using p-value of 0.05 for statistical significance. Data were 

analyzed using SPSS 16. 

 

Results and Discussion 

Heavy Metal Concentrations in Soil and Tobacco 

Chromium (Cr) 

Cr concentrations in soil, tobacco roots and leaves were 48.7 ± 32.6 to 113.7 ± 126.8 ppm, 22.7 ± 

26.1 to 184.3 ± 96.5 ppm dry weight and 60.7 ± 74.2 to 130.7 ± 58.6 ppm dry weight respectively 

(Table 12.2). Cr concentrations were in the order: leaves > roots  soil. Regassa and Chandravanshi 

[78] have reported Cr concentrations of ND-1.4 ppm dry weight in raw tobacco leaves from two 

sites in Ethiopia. Our reported Cr concentrations in tobacco leaves are higher than those of the 

above-mentioned study. BCF values for Cr were mostly greater than 1 indicating that Cr was 

relatively bioavailable in soil and transferred from soil to tobacco roots and translocated from roots 

to leaves. Cr concentrations in tobacco plant parts were poorly correlated with corresponding Cr 

concentrations in soil. 
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Table 12.2 Cr concentrations in soil and tobacco (mean ± SD, n = 3) from different sites of 

Khyber Pakhtunkhwa, Pakistan 

 

Site 

Code 

Cr concentration (mg kg−1 dry weight) Bioconcentration 

Factor (BCF) Soil Roots Leaves 

S1 113.7 ± 126.8 124.6 ± 59.1ab 83.7 ± 18.2 0.74 

S2 87.0 ± 69.4 35.0 ± 22.3ab 60.7 ± 74.2 0.70 

S3 108.3 ± 26.5 22.7 ± 26.1b 69.0 ± 63.9 0.64 

S4 69.7 ± 51.2 184.3 ± 96.5a 130.7 ± 58.6 1.88 

S5 73.3 ± 44.4 23.7 ± 11.9b 94.3 ± 114.4 1.29 

S6 70.7 ± 67.6 79.3 ± 55.5ab 88.0 ± 48.0 1.24 

S7 56.3 ± 27.1 78.0 ± 58.0ab 68.0 ± 19.0 1.21 

S8 48.7 ± 32.6 82.2 ± 51.4ab 70.0 ± 39.5 1.44 

Average 78.5 ± 57.6 78.7 ± 69.3 83.0 ± 55.9 1.14 

 

Superscript letters (a–b) indicate that values are significantly different (p  0.05; ANOVA, Tukey 

Test) 

    

Nickel (Ni) 

Ni concentrations in soil, tobacco roots and leaves were 24.8 ± 26.6 to 248.7 ± 186.6 ppm, 32.5 ± 

19.6 to 208.0 ± 104.2 ppm dry weight and 32.9 ± 25.2 to 159.3 ± 63.0 ppm dry weight respectively 

(Table 12.3). Ni concentrations were in the order roots > leaves > soil. Regassa and Chandravanshi 

[78] have reported Ni concentrations of ND-2.0 ppm dry weight in raw tobacco leaves from two 

sites in Ethiopia. Bozhinova [84] has reported Ni concentrations of 0.3-2.3 mg kg−1 in mature 

tobacco leaves. Our reported Ni concentrations in tobacco leaves are higher than those reported by 

the above-mentioned studies. BCF values for Ni were also mostly greater than 1 indicating that Ni 

was also relatively bioavailable in soil and transferred from soil to tobacco roots and translocated 

from roots to leaves. Ni concentrations in tobacco plant parts were moderately correlated with 

corresponding Ni concentrations in soil. 
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Table 12.3 Ni concentrations in soil and tobacco (mean ± SD, n = 3) from different sites of 

Khyber Pakhtunkhwa, Pakistan 

Site 

Code 

Ni concentration (mg kg−1 dry weight) Bioconcentration 

Factor (BCF) Soil Roots Leaves 

S1 248.7 ± 186.6a 208.0 ± 104.2 132.3 ± 180.0 0.53 

S2 24.8 ± 26.6b 128.4 ± 63.9 92.8 ± 26.8 3.74 

S3 53.0 ± 51.2ab 176.0 ± 70.9 73.0 ± 58.8 1.38 

S4 170.3 ± 71.2ab 128.0 ± 83.9 159.3 ± 63.0 0.94 

S5 34.2 ± 42.8ab 106.4 ± 116.8 32.9 ± 25.2 0.96 

S6 67.8 ± 49.3ab 104.3 ± 86.5 115.4 ± 41.9 1.70 

S7 28.8 ± 26.3b 32.5 ± 19.6 54.4 ± 48.7 1.89 

S8 33.8 ± 6.4ab 66.7 ± 104.4 52.6 ± 32.7 1.56 

Average 82.7 ± 101.8 118.8 ± 89.6 89.1 ± 76.1 1.59 

Superscript letters (a–b) indicate that values are significantly different (p  0.05; ANOVA, Tukey 

Test) 

 

Cadmium (Cd) 

Cd concentrations in soil, tobacco roots and leaves were 2.0 ± 0.86 to 5.1 ± 0.70 ppm, 1.9 ± 0.25 

to 4.6 ± 2.8 ppm dry weight and 2.6 ± 1.9 to 4.9 ± 0.85 ppm dry weight respectively (Table 12.4). 

Cd concentrations were in the order: leaves > soil > roots. The anthropogenic sources of Cd in the 

study area included use of phosphate fertilizers and rechargeable Cd batteries [122]. Soil Cd 

concentration in Swat valley has been reported to be in the range of 0.10-6.8 ppm [122]. Khan et 

al., [124] have reported mean Cd concentrations of 6 ppm in soils and 10.9 ppm in plants along 

roadsides in Peshawar. A Cd concentration of 3.8 ± 1.2 ppm has been reported in cigarette tobacco 

grown with water from Manchar Lake, Sindh, Pakistan [240]. Regassa and Chandravanshi [78] 

have reported Cd concentrations of 1.2-1.3 ppm dry weight in raw tobacco leaves from two sites 

in Ethiopia. Our reported Cd concentrations in tobacco leaves are comparable to those reported by 

the above-mentioned studies. BCF values for Cd were also mostly greater than 1 indicating that 

Cd was also relatively bioavailable in soil and transferred from soil to tobacco roots and 

translocated from roots to leaves. Cd concentrations in tobacco plant parts were poorly correlated 

with corresponding Cd concentrations in soil. 



CHAPTER 12        Bioaccumulation in Tobacco (Nicotiana tabacum) 

 

151 

 

 

Table 12.4 Cd concentrations in soil and tobacco (mean ± SD, n = 3) from different sites of 

Khyber Pakhtunkhwa, Pakistan 

Site 

Code 

Cd concentration (mg kg−1 dry weight) Bioconcentration 

Factor (BCF) Soil Roots Leaves 

S1 2.2 ± 0.45b 4.6 ± 2.8 3.6 ± 1.4 1.66 

S2 2.2 ± 0.35b 2.3 ± 0.51 2.6 ± 1.9 1.21 

S3 3.8 ± 1.5ab 2.1 ± 0.50 4.8 ± 0.70 1.27 

S4 2.0 ± 0.86b 2.5 ± 0.30 3.2 ± 1.5 1.62 

S5 4.0 ± 0.56ab 1.9 ± 0.25 3.0 ± 0.65 0.74 

S6 4.5 ± 0.30a 2.2 ± 0.74 3.6 ± 0.20 0.80 

S7 5.1 ± 0.70a 3.3 ± 0.67 4.3 ± 0.40 0.84 

S8 3.4 ± 0.31ab 3.6 ± 0.98 4.9 ± 0.85 1.43 

Average 3.4 ± 1.3 2.8 ± 1.3 3.8 ± 1.2 1.20 

 

Superscript letters (a–b) indicate that values are significantly different (p  0.05; ANOVA, Tukey 

Test) 

 

Lead (Pb) 

Pb concentrations in soil, tobacco roots and leaves were 25.0 ± 22.0 to 123.3 ± 16.2 ppm, 46.7 ± 

56.6 to 142.4 ± 106.4 ppm dry weight and 17.7 ± 8.5 to 114.0 ± 53.7 ppm dry weight respectively 

(Table 12.5). Pb concentrations followed the order: roots > leaves > soil. Bozhinova [84] has 

reported bioaccumulation of Pb in different tobacco parts as: leaves > blossoms > stem. Khan et 

al., [124] have reported mean Pb concentrations of 53.9 ppm in soils and 49.1 ppm in plants along 

roadsides in Peshawar. Bozhinova [84] has reported Pb concentrations of 9.1-12.1 mg kg−1 in 

mature tobacco leaves. Our reported Pb concentrations in tobacco leaves are higher than those 

reported by the above-mentioned study. BCF values for Pb were greater than 1 in some cases and 

less than 1 in the remaining cases, indicating limited bioavailability of Pb in soil and its limited 

transfer from soil to tobacco roots and limited translocation from roots to leaves in these cases. Pb 

concentrations in tobacco plant parts were poorly correlated with corresponding Pb concentrations 

in soil. 
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Table 12.5 Pb concentrations in soil and tobacco (mean ± SD, n = 3) from different sites of 

Khyber Pakhtunkhwa, Pakistan 

 

Site 

Code 

Pb concentration (mg kg−1 dry weight) Bioconcentration 

Factor (BCF) Soil Roots Leaves 

S1 25.0 ± 22.0 142.4 ± 106.4 73.7 ± 119.8 2.95 

S2 65.7 ± 79.1 55.0 ± 34.5 98.7 ± 24.3 1.50 

S3 123.3 ± 16.2 80.0 ± 62.6 56.3 ± 77.3 0.46 

S4 33.7 ± 25.8 56.7 ± 36.8 114.0 ± 53.7 3.39 

S5 67.3 ± 48.3 64.0 ± 57.9 17.7 ± 8.5 0.26 

S6 56.0 ± 40.6 65.7 ± 53.5 19.0 ± 21.0 0.34 

S7 78.3 ± 18.2 46.7 ± 56.6 77.3 ± 13.0 0.99 

S8 25.7 ± 12.7 63.5 ± 67.2 63.7 ± 22.0 2.48 

Average 59.4 ± 45.2 71.7 ± 59.9 65.0 ± 56.9 1.55 

 

 

Bioaccumulation of heavy metals in plants depends on many factors in addition to heavy 

metal concentrations in soil. These factors include physical and chemical properties of the soil, 

bioavailability of the heavy metals in soil and the physiology of the plant species. Bioavailability 

of heavy metals in soil in turn depends on many physicochemical properties of soils such as pH, 

content of organic matter, cation exchange capacity etc. Tobacco plant has been reported to have 

relatively more potential for accumulation of toxic heavy metals from soil. However, as mentioned 

above, heavy metal accumulation in plants depends on many other factors in addition to heavy 

metal concentrations in soil and plant species. Therefore, variations and fluctuations in heavy metal 

concentrations in tobacco plants can be expected in sites with variable soil physicochemical 

properties and anthropogenic impact.   

Some studies have investigated the concentrations of different toxic heavy metals in 

tobacco and tobacco products in some countries. Caruso et al., [241] have reported concentrations 

of five different heavy metals in cigarettes from USA. Their reported mean concentrations of Cr, 

Ni, Cd, Pb and As are 2.4, 2.2, 0.86, 0.44 and 0.17 ppm respectively. Ajab et al., [242] have 

reported Cr, Ni, Cd and Pb concentrations of 1.2 ± 0.20, 2.1 ± 1.1, 0.50 ± 0.12 and 14.4 ± 5.0 ppm 
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respectively in tobacco of local cigarette brands while 0.95 ± 0.27, 2.3 ± 2.0, 0.56 ± 0.14 and 8.8 

± 3.1 ppm respectively in tobacco of imported cigarette brands. The concentrations of Pb in 

tobacco of local cigarette brands were high. 

Bioconcentration Factor 

Bioconcentration factor is an indication of heavy metal enrichment in the plant relative to the metal 

concentration in soil. BCF can provide information about the bioavailability of metal in soil. Since 

BCF is inversely proportional to metal concentration in soil, therefore BCF decreases with 

increasing metal concentration in soil. Figure 12.1 shows the plots of BCF values versus metal 

concentrations in soil. For Cr, BCF is moderately negatively correlated with Cr concentration in 

soil with R2 value of 0.5498 (Figure 12.1a). For Ni, BCF is relatively poorly negatively correlated 

with Ni concentration in soil with R2 value of 0.3573 (Figure 12.1b). For Cd, BCF is relatively 

strongly negatively correlated with Cd concentration in soil with R2 value of 0.6687 (Figure 12.1c). 

For Pb, BCF is also moderately negatively correlated with Pb concentration in soil with R2 value 

of 0.5578 (Figure 12.1d). 
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Figure 12.1 Correlations of bioconcentration factor (BCF) with heavy metal concentrations in soil 

 

Conclusions 

Cigarette tobacco is a plant species known for its potential to accumulate toxic heavy metals from 

soil. Relatively high concentrations of the investigated heavy metals were found in tobacco leaves. 

Average bioconcentration factor (BCF) values of Cr, Ni, Cd and Pb were 1.14, 1.59, 1.20 and 1.55 

respectively indicating that these heavy metals were relatively bioavailable in soils and 

accumulated in tobacco plants. 
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Conclusions and Recommendations 

Conclusions 

In case of bioaccumulation in S. plagiostomus from River Swat, River Panjkora and River 

Barandu, metal concentrations in muscles of the fish from the three rivers were comparable. 

Generally, clear trends could not be observed for metal concentrations at different sites of the rivers 

when going from upstream to downstream. However, highest metal concentrations in the fish 

muscles were recorded at Batkhela, an urban and relatively polluted site, in case of River Swat. 

Similarly, highest metal concentrations, except Ni, in the fish muscles were recorded at Khazana, 

a site downstream Timergara (urban area and relatively polluted), in case of River Panjkora. Ni 

concentrations in the fish muscles in case of River Barandu consistently increased downstream, 

which might be due to contamination of the river water by marble industry effluents containing 

Ni. Risk analysis showed that Ni risk was higher at River Panjkora and River Barandu, Pb risk 

was higher at River Swat and River Panjkora while Cd risk was quite low at all the three rivers. 

Cr risk could not be assessed due to lack of reference values. 

In case of bioaccumulation in muscles of the economically important fish species, M. 

armatus, from the three rivers of Malakand Division, metal concentrations in muscles of the study 

fish from the three rivers were comparable. Generally, clear trends could not be observed for metal 

concentrations at different sites of the rivers when going from upstream to downstream. However, 

Ni concentrations in fish muscles at different sites on River Barandu showed a clear pattern of 

increase downstream. This may be due to contamination of the river water by wastewater from 

marble industries. Tissue-specific accumulation in different tissues of M. armatus showed the 

order as: kidneys > liver  skin > muscles > gills. BAF values of the metals in different tissues of 

M. armatus show that these metals are accumulated from the river in the fish muscles and may 

pose a potential health risk to regular consumers. 

In case of bioaccumulation of the four toxic heavy metals in the freshwater fish C. gachua 

from River Swat and River Barandu, the non-essential heavy metals, Cd and Pb, showed higher 

bioaccumulation factors than the other two metals. The metal accumulation was comparatively 

more in gills and liver compared to skin and muscles. Comparison of the calculated EDI values 

with TDI values of the heavy metals showed that Pb in this fish from River Swat while Ni and Pb 

from River Barandu exceeded the respective recommended limits. 
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In case of bioaccumulation of the four potentially toxic heavy metals in different freshwater 

fish species of River Kabul, metal concentrations in the fish muscles generally followed the order: 

Ni > Pb > Cr > Cd. MPI values at Warsak Dam, Sar Daryab, Nowshera and Jahangira were 10.59, 

12.37, 14.85 and 12.95 respectively. These values show more gross accumulation of heavy metals 

downstream as compared to that at the most upstream site. Heavy metal accumulation in the fish 

muscles mostly showed strong positive correlation with the metal concentrations in both water and 

sediments except for Cd in water and Pb in sediments, in which cases a very weak negative 

correlation was observed. Human health risk assessment based on data of the current study showed 

that consumption of the analyzed freshwater fish species from River Kabul was generally safe in 

terms of potential risk from Cd and Pb but the observed Ni accumulation may pose a potential 

health risk to regular/excessive fish consumers. 

In case of bioaccumulation of the heavy metals in different fish species from River Shah 

Alam, metal concentrations in muscle samples of the different six fish species showed random 

variations. A high degree of randomness in heavy metal distribution has also been reported in the 

muscles of different fish species from other freshwater bodies of Pakistan. Inter-species differences 

were statistically not significant, most probably due to more variance within samples. Comparative 

metal accumulation in the five different tissues of C. naziri and M. armatus did not show a 

consistent trend across the studied tissues. 
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Recommendations 

The following recommendations are made: 

 

➢ Background concentrations of heavy metals should be documented in the different 

environmental media in the study area, for later use as reference. 

➢ The levels of potentially toxic heavy metals and metalloids in water, sediments, soils and 

the resident biota should be assessed and monitored regularly. 

➢ Regular surveys should be conducted to record the per capita daily consumption of 

freshwater fish and other food items such as rice by the resident population of the study 

area. Such data will be valuable for a more accurate and reliable human and ecological 

risk assessment. 

➢ Efforts should be made to minimize heavy metal contamination in the freshwater 

ecosystems to safeguard the aquatic fauna and the health of the fish consumers. 

➢ The public should be educated about the harmful effects of toxic heavy metals on human 

health and the environment. 

➢ Wastewaters from industries should be treated effectively before their discharge into the 

natural water bodies. 

➢ Scientific research on environmental assessment of toxic chemicals including toxic heavy 

metals should be encouraged and promoted through allocation of appropriate funds for 

protecting human health and the environment. 
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