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Abstract

Cities and towns are affected by the multi-dimensional industrial activities with semi-arid and arid 
environments which cause a substantial rise in environmental pollution specifically in aquatic areas. 
The current study estimated the water quality and related health impacts by the consumption of heavy 
metal contamination. Surface water samples (n = 52) were collected using systematic random sampling 
technique from semi-arid region along Chenab river of district Sialkot, Gujrat and Mandi-bahwal-din 
of Punjab, Pakistan. Different physio-chemical and biological parameters and various heavy metal 
concentration were investigated using standard procedures from the collected surface water samples. 
Different physio-chemical and biological parameters and heavy metals concentration especially arsenic 
(As) and chromium (Cr) were above the permissible value of World Health Organization (WHO) and 
the National Environmental Quality Standards (NEQs). Water quality index results reflected that 
water quality of all samples were very poor and not suitable for the purpose of drinking. The value of 
Hazard Quotient (HQ) for As was near the threshold level (HQ>1) and carcinogenicity of As and Cr was  
1 × 10−4 in adults and children was more than the permissible limit laid down by WHO. Anthropogenic 
activities combined with semi-arid weather of the area in relation with diverse and uncommon water 
features triggered heavy metal pollution. Inverse distance weighted analyst module of ArcGIS software 
has been used to generate the spatial distribution of water pollutants of constituents.
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Introduction

Water quality is the characteristics of water which 
defines the water for its beneficial use as well as the 
sustainability of environment. The quality of water in 
any environment provides significant information about 
the resources for supporting life in that environment 
and its suitability for consumption for human and other 
living organisms in the environment [1]. Globally, 
aquatic contamination has become a serious matter 
principally with increased urban growth [2-4]. It has 
significant effects over the management of aquatic 
resource in a number of ways like overexploitation of 
resources, industrialization, contamination and land-
use change [5-8]. The untreated industrial and urban 
wastewater discharge has significant effect on the water 
resources, soil and plants [9-12], especially the heavy 
metals impact on the health of human beings and the 
surrounding ecosystem [13-16]. Increased level of heavy 
metals in water including Cr, As, lead (Pb), manganese 
(Mn) and cadmium (Cd) are toxic for human and 
aquatic life particularly their carcinogenicity and other 
related health issues such as breath shortening [17, 18].

Centralization of contamination expanded step 
by step from last couple of decades and affected the 
quality of water. The debasement of water bodies 
leads towards the deficiency of clean and drinking 
water and furthermore loss of common frameworks 
[19]. Current water reserves are insufficient and 
deterioration of freshwater quality cause grave water 
shortage particularly in underdeveloped and developing 
nations along with Pakistan [20-24]. About 70% of 
extracted water consumed in irrigation practices [25]. 
Among the water scared areas by 2025, Pakistan is 
ranked on seventh highest region of the world. As per 
the response of farmers, the shortage of water also has 
great economic effects. Farmers continuously exercise 
several techniques in agriculture sector for adaptation 
to climate change vulnerability among them water 
shortage plays a key role [26, 27].

Anthropogenic activities deteriorated the quality 
of aquatic resources in many developing countries 
including Bangladesh, Pakistan, India and Africa [28-
30]. The South Asian region country like Pakistan 
with climatic conditions as arid and semi-arid in 
various zones. Due to increased urban population, a 
great extent of people is facing water associated issues 
[31]. In province Khyber Pakhtunkhwa, more than 
half of the six million population in various regions 
have no approach to safe drinking water because of 
increased metal contamination from nearby areas [32]. 
The groundwater aquifers are decreasing up to 3.5 m 
in the province of Sindh and Baluchistan, which is an 
alarming situation to the population living in these 
areas [33-35]. Various studies reported the quality of 
water among various cities of Punjab including Lahore 
(100%), Multan (94%), Sheikhupura (73%), Bahawalpur 
(88%), Gujranwala (64%), and Kasur (100%) where the 
As (Arsenic) is exceeding the permissible limit [36-38].

So, it is important to monitor the concentration of 
various contaminants and their related health impacts 
in surface water resources of remaining unexplored 
areas of Punjab, Pakistan. Internationally, health risk 
assessment by the use of various indices and statistical 
analysis in various water reserves have been stated 
earlier [39-41]. Water quality index (WQI) proved an 
easy method for the assessment of water quality in a 
numerical way. It converts the pollutants concentration 
to various sub-indexes and ultimately change these 
values into one numerical value, depending on their 
quality [42]. 

The present study was planned for the monitoring 
and evaluation of surface water quality for irrigation 
purposes to produce reliable agriculture products, also 
for determination of the surface water quality of the 
Chenab River, depending on WQI and to develop WQI 
maps associated with health effects caused by heavy 
metals contamination.

Materials and Methods

Study Area

The location of the study area was along Chenab 
river of district Sialkot, Gujrat and Mandi-bahwal-din  
(Fig. 1). This study area contains two Head Barrages, 
Head Marala and Head Khanki. Different seasonal 
drainage and main wastewater drainage entered in 
Chenab River from Sialkot industrial state, small 
industries of Gujrat and sugar industries from Mandi-
Bahwal-Din. 

Sample Collection, Preservation 
and Quality Assurance

Water samples were collected in summer from fifty-
two sampling locations along the River Chenab with 
the help of systematic random sampling technique 
in an area of 2.5 Km. Collected samples were treated 
and preserved according to the guidelines described by 
American Public Health Association (APHA, 1995) and 
(ICARDA) standard methods [43].

Analysis
Collected samples were examined for the 

determination of heavy metal concentrations by Atomic 
Absorption Spectrophotometer (AAS) method reported 
elsewhere [44, 45].

Furthermore, the principal component analysis 
(PCA) for heavy metals and physicochemical parameter 
was also performed.

Water Quality Index (WQI)

To show expressive conclusion, Weighted Arithmetic 
model of WQI was used which was established by 
National Sanitation Foundation (NSF) in 1965 [46]. It 
is a numerical based model that transfer big data into 
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only one value which represents the water quality of all 
samples. The equations for WQI is as given below;

Part I of WQI calculation:

...where:
wi = weight of each parameter
n = number of parameters
Wi = relative weight of each parameter

Part II of WQI calculation:

...where:
qi = quality rating scale of each parameter
Ci = concentration of each parameter in water sample
Si = Quality Standard of each parameter
Vi = ideal value which is considered 7 for pH and 14.6 
for DO 

Final WQI is calculated by the following equation:

Health Risk Assessment

Carcinogenic and Non-Carcinogenic Exposure

There are numerous routes of exposure for heavy 
metals into the body of human beings, it may be through 

dermal interaction, oral ingestion, and inhalation [47]. 
Average daily dose (ADD) was evaluated with the help 
of given formula

As per [48, 49], the concentration of metal is  
denoted by C in (mg/L), IR is the rate of water intake 
which is 0.63 L day-1 for children and 2 L day-1 for 
adults, 15 kg average body weight (BW) was taken 
for children while for adults it was taken as 72 kg.  
[50] expresses exposure frequency (EF) as  
350 days/year, exposure duration (ED) for children 
was presented 6 years and in case of adults it was  
70 years and the 25,550 days was taken as the average 
time (AT) for adults and for the children AT was 
2190 days in case of non-carcinogenic risk assessment 
(NCRA), while it is 25,550 days for both children and 
adult in case of carcinogenic risk assessment (CRA) 
[51].

 In order to assess the value of NCR, the hazard 
quotient (HQ) of ADD was evaluated, which was taken 
as threshold limit value. It was measured by dividing 
the ADD with oral reference dose (RfD) [52].

Carcinogenic risk (CR) describes the probability 
measured in percentage (of populations) in mg kg-1day-1. 
CR is the likelihood of cancer risk to occur for lifetime. 
It is evaluated by multiplying both carcinogenic slope 
factor (CSF) and lifetime average daily dose (LADD). 
Here, LADD is evaluated by taking an average time 
of 25,550 for adults and children as well [51]. 10-3 risk 

Fig. 1. Study Area and Sampling Sites.
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value indicate the high risk of cancer [52]. CR is only 
calculated for Cr, Ni and As because of the lack of 
accessibilities of CSF values. 

CR = CSF × LADD

GIS Analysis

GIS assists in better representation of ecosystem 
and its complex datasets regarding climatic fluctuations, 
prevailing environmental conditions, spatiotemporal 
variations, etc. For this reason, at the time of sample 
collection latitude and longitude of sampling sites were 
also recorded with the help of Garmin eTrex GPS. The 
coordinate points along with their analyzed results 
were exported to ArcGIS software as a point layer 
file. Metadata of each sample after coding were stored 
in the point attribute table. To delineate the spatial 
behavior of water quality, spatial analyst tool was used. 
An interpolation technique through Inverse Distance 
Weighted (IDW) was applied to prepare thematic layer 
map of each parameter for the Chenab River.

Results and Discussion

Surface water samples (n = 52) from diverse sites 
were assessed for physiochemical, bacteriological 
parameters and values of heavy metal. Average 
concentrations of all water parameters are given in  
Table 1 for heavy metals and in Table 2 for 
physiochemical parameters. Concentration of various 
heavy metals and physiochemical parameters also 
depicted in thematic layered maps in Fig. 3 (A-G) and 
4 (A-N).

The values of physical parameters in river water 
were as pH (9.8±8.4), chloride (289.187±251.837), TDS 
(1765±1200), calcium+magnesium (128±56), turbidity 

(9±5), electrical conductivity (292±109). These values 
were found much greater than their allowable standard 
limits. Greater amount of pH in surface water may 
become a reduction in the harmful effects of heavy 
metals [54]. Industrial waste and sewage discharge were 
the basic source of increased value of TDS in river 
water [55, 56]. Increased concentration of TDS may 
enhance the values of BOD and COD in water which 
eventually affect the value of DO (dissolve oxygen), 
which cause irritation in gastrointestinal system, erosion 
and change in taste etc. [57, 58]. As per Kattan et al. 
[59], the increased concentration of chloride may cause 
hypertension and rise in blood pressure, it also changes 
the water taste and generate osmotic pressure in marine 
living organisms.  The PCA results are presented in the 
Fig. 2.

Biological parameters including E. coli and total 
coliforms in the river water were much greater than 
NEQS and WHO allowable standards (0/100 mL). 
River waters are very contaminated due to various 
man-made activities in urban areas of Pakistan like 
Karachi, Lahore, Rawalpindi, Kasur, Sialkot, Peshawar, 
Gujrat and Faisalabad and not recommended for human 
consumption [31, 60, 61]. Pakistan council of research in 
water resources (PCRWR) conducted a study in 2005 in 
urban areas of Pakistan and gave a statement that 65% 
and 35% of groundwater samples were polluted with 
total coliform and E. coli, respectively, whereas surface 
water samples had 100% bacterial contamination of E. 
coli and total coliform bacteria. Khan et al. [62] studied 
pathogenic contamination of river Swat in Pakistan, and 
found increased fecal contamination in river water due 
to the discharge of municipal effluents in surface water, 
urbanization, agricultural runoffs and human excreta 
responsible for different diseases in native public. 

Surface water samples contain As (0.094±0.051) 
and Cr (0.092±0.021) higher than their allowable 
standards. According to Noreen et al. [63] the basic 

Fig. 2. PCA for the heavy metals a) and other variables b) studied in this study.
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Fig. 3. The thematic layer map of various heavy metals concentrations for River Chenab is given as As (A), Cr (B), Cu (C), Pb (D), Zn 
(E), Ni (F) and Fe (G).
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Fig. 4. The thematic layer map of various heavy metals concentrations for River Chenab is given as EC (A), pH (B), TSS (C), TDS (D), 
HCO3 (E), Cl (F), SO4

-2 (G), Na+ (H), Ca++ (I), No3 (J), No2 (K), K (L), Turbidity (M), and CaCO3 (N).
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reason of heavy metal contamination were manmade 
activities that affect the quality of water. Muhammad 
[18] stated that intake of Ni-chloride and Ni-sulphate 
can cause many health effects like fatal cardiac 
arrest. Rafiq et al. [64] determined that in various 
international and national environmental and health 
organizations, it is accepted that As is the basic lethal 
pollutants which cause many health effect and pose 
extreme environmental risk. Shahid et al. [65] stated 
that exposure to As (both chronic and acute) results in 
As related sickness known as arsenicosis and its toxic 
effect on health greatly related to the consumption rate 
of the vulnerable population. Many researchers reported 
an increased amount of As in the groundwater table 
due to biogeochemical, geothermal and geohydrological 
factors, stated As is mobilized in aquifers by many 
arsenic-causing oxides [66-71]. Nonpoint sources of 

heavy metals like atmospheric deposition could be 
considered too for increased concentration of pollution 
in surface water and heavy metals seepage in various 
resources of underground water [72]. In the current 
study, all the samples were collected from surface 
water of Chenab river, the potential cause of heavy 
metal pollution might be the industrial effluents and 
agricultural runoff along with atmospheric deposition 
usually in rainy seasons [73]. However, because of 
overpopulation and high industrialization, underground 
water contamination also increased with time [74, 63, 
72]. The total amount of As was greater than those in 
other various countries but less than in different studies 
of Pakistan. Anthropogenic activities are the root 
cause of increased concentration of heavy metals like 
agriculture runoff and industrial effluent [75].

Fig. 4. Continued.
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Assessment of Water Quality Index

Water quality index was used to understand the 
overall surface water quality. The values of water 
quality index in all samples remained from 101.8 to 
123.4 with a mean value of 107.89 indicating poor water 
quality (Table 3 and Fig. 5). Presented values of WQI 
indicated that water is not fit for drinking purposes. 
All contaminated surface water areas are located 
near the sewage drains that deplete the surface water 
quality through direct discharge and seepage. Xiao et 
al. [16] was also conducted a similar study and found 
3% of collected samples were not suitable for drinking 
purpose. WQI of ground water of Province Baluchistan 
indicated that all water samples were contaminated and 
not suitable for drinking purposes due to the presence 
of numerous heavy metals and differences in some 
physicochemical parameters which are mainly due to 
human activities [35]. Only 3.1% surface water samples 
had excellent WQI in 2010 that further contaminated 
after few years of human activities [76]. Groundwater 
of District Faisalabad is also being deteriorated by 
adjacent sewerage wastewater drains and industrial 
discharge and showed a significant rise in drinking 
water pollution beyond the limits provided by WHO 
[74]. WQI was found 75 in 2008 and it was raised more 
than 100 in the year of 2009 in Iraq which depicted that 
the precautionary measures taken by the government 
were not sufficient to develop the quality of water [77].

Health Risk Assessment

 For the health risk assessment in adults and 
children, hazard quotient (HQ) and average daily 
dose (ADD) indices were calculated of drinking and 
surface water of river Chenab. These indices were also 
measured by some other scholars like Mahfooz et al. 
[49], Titilawo et al. [4] and Kamunda et al, [78]. Table 4 
presents the average value of CAR for carcinogenic and 
HQ and ADD for non-carcinogenic risk assessment in 
surface water of river Chenab. The HQ values of As 
in surface water was (0.643317498, 0.972696057) and 
of Cr was (0.213834933, 3.371749231) for adults and 
children respectively. A study was led by Mahfooz et al. 
[49] that indicated the Cr values very close to threshold 
limit (HQ>1) both in children and adult in Faisalabad. 
The HQ order of surface water samples were given as 
Ni>Pb, As>Cr and Cu in adult and Pb>Ni, Cr>As, Cu 
in children. The HQ values of Cu, Co, Pb and Cd were 
much greater than their acceptable limits in children in 
groundwater of Chitral, Pakistan [48]. The results of 
present study are parallel to the findings of Kavcar et 
al. [79]. Muhammad et al. [18] determined that the HQ 
indices for heavy metals reflected no hazard to native 
residents as compared to the previous researches but 
the HQ indices of Pb, Zn, Ni, Cd and Cu indicated to 
be greater than what Lim et al. [80] studied in surface 
water and what Kavcar et al. [79] studied in drinking 
water. Xiao et al. [16] indicated that in case of As 
HQ>1 particularly among children were greater than 
adults, showing that in alike surrounding, children are 
more vulnerable than that of adults. The occurrence 
of As in drinking water for long period of time could 
be the reason of cancer and diabetes, skin abrasions, 
neuropathy, hypertension, etc. Arid and semi-arid 
climatic conditions and coal mining can also cause 
As contamination [81, 82]. Non-carcinogenic hazard 
index of river water which showed no impact in the 
residents might be increased by heavy metals exposure 
[4]. Risk is predicted to initiate in the body of human 
beings if cancer risk value increased than 1 × 10−4 
[83]. In the present study, the values for cancer risk 
in drinking water was higher for As (2.89493E-04) in 
adults and in children (3.75183E-05), the value of Cr 
was (2.6301697E-02) in adults while (3.554787E-02) in 
children (Table 4). All the parameters of As, Cr and Ni 
pose a major threat of cancer in children. In a similar 
study of Rehman et al. [48] determined the values 
of Cd, Cr, Ni and Co in adults and children above 
permissible limit of carcinogenicity. Exposure to heavy 
metal toxicity in drinking water can be the result of 
carcinogenic risk which can be life threatening for the 
native residents [18].

The results of the current study show that water 
quality was poor for drinking purpose. This is related 
to the health risk assessment. Poor drinking water 
quality poses major health issues in children and adults 
which can cause cancer, particularly in the occurrence 
of heavy metals. The main source of pollution in river 

Fig. 5. The thematic layer map of WQI for River Chenab.
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water is industrial and domestic discharge without 
treatment. The use of water for irrigation and drinking 
purposes, cause different diseases in local community 
which include lung cancer, hypertension, stomach 
cancer, anemia, gastroenteritis, intellectual disabilities 
and cardiac arrest in the surroundings of agricultural, 
mining and industrial activities [48]. 

Conclusion

The current study comprehensively reflected the 
water contamination and related health risks in the water 
of Chenab river of Pakistan. Most of the parameters 
which includes biological, physicochemical and heavy 
metals (total dissolved solids, chloride, nickel, As, Cr 
and bacteriological contamination) exceeded the WHO 
and NEQs-Pak allowable limits. The result of water 
quality index indicated water is of poor quality in major 
sampling locations where large number of industries 
occurred and contaminate water quality and leads to the 
onset of many health issues. For As, carcinogenic and 
non-carcinogenic risk was detected among adults and 
children, in surface water bodies. The values of CRA 
and HQ were greater than the permissible limit which 
exist in adults and children. The domestic and industrial 
discharge greatly effect on surface water quality and 
generated an alarming situation for the health of local 
residents and surrounding ecosystem. Proper monitoring 
and Protective measures are would be necessary to 
remove the health risk in the native inhabitants. The 
present study will be helpful for policy makers and 
local government bodies for the establishment and 
implementation of well-defined monitoring system and 
reduce health related issues in local area. This research 
is further recommended the evaluation of persistent 
organic pollutants in this agricultural and industrial 
zone particularly pesticides which leads to many health 
issues.
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