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Abstract 

This study was conducted to observe probabilistic health burden of water samples collected season wise from Manchar Lake, river 

Indus, water supply schemes and ground water from different locations of Jamshoro, Sindh, Pakistan. The health burden was 

analyzed using USEPA standard methods to measure chronic and carcinogenic health quotients (HQ) of different metals such as 

As, Cd, Ni, Zn, Cu, Mn, Fe and Co in wet (phase 1) and dry (phase 2) seasons. The results declared that in phase 1 HQ of As and 

in phase 2 HQ of Cd indicated more adverse potential health effects. In addition, the carcinogenic risk of As was observed higher 

than the standard USEPA level in some samples. The HQ of other metals was increased in phase 2 compared to phase 1, 

reflecting more potential adverse health effects on local residents of District Jamshoro in the dry season. This study revealed the 

probabilistic chronic impact of different metals and carcinogenic impact of dissolved As on drinking water consumers. 
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Introduction   

Rapid growth of population, land development 

along the river Indus basin and urbanization caused 

water pollution and environmental deterioration [1]. 

One sixth of humanity (1.1 billion people) doesn’t 

have access to fresh water within one kilometer from 

their home [2]. Unreachable safe and adequate water 

supplies are playing important role in ongoing 

poverty and economic costs that increased 

household expenses in poor residential peoples due 

to poor health and enhanced need for water 

purchasing and/or energy with time expended in 

collection [3]. If actions will not be taken for the 

basic human need of safe water, in 2020 as many as 

135 million people will be dying from these diseases 

and 76 million will die from preventable water-

related diseases [4]. To evaluate the possible risks of 

unsafe water, human health risk assessment is an 

effective approach to determine the health risk levels 

posed by various contaminants [5],which has been 

applied to assess the potential adverse health effects 

exposing to contaminated water [5,8]. Although 

ingestion is considered to be the primary route of 

exposure to chemical contaminants in drinking water, 

the aim of this study was to determine the level of 

trace metals in drinking water of Jamshoro and to 

evaluate the health risk associated with exposure to 

these trace metals via oral ingestion. 

Materials and Methods 

Study area 

In this study, the water samples were collected 

from Manchar Lake, river Indus, water supply 

schemes and ground water sources from Jamshoro 

city, Sindh, Pakistan along with the Indus catchment 

through Indus highway covering the distance of 160 

km. Samples were collected from selected villages 

and major populated areas likeSehwan, Lucky shah 

saddar, Aamri, Chhachhar, Sann, Manjhand, 

Jamshoro, kotri and so on. In the present study, 65 

samples were collected in wet (phase 1) and dry 

(phase 2) seasons with a gap of three months. The 

water samples were analyzed at Institute of 

Biochemistry and Hitech Research Laboratory, 

University of Sindh, Sindh, Pakistan.  

Table 1 The detail of water sample collection sources and number of 

samples collected in phase 1 and phase 2. 

Sr. No.    Sample sources  Phase 1 Phase 2 

1 Manchar lake  5 4 

2 Water supply schemes                                  6 6 

3 Indus river  7 7 

4 Ground water sources 15 15 

Arsenic was measured with Merck Arsenic Kit 

for 0.01-0.5mg/L. This test generates arsenic 

hydride which reacts with the mercury bromide 
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present in the analytical strip to form a yellow 

brown mixed arsenic mercury halogenide. The 

concentration of arsenic was measured by visual 

comparison of the reaction zone of the analytical test 

strip with scales of fields of color [9]. Other metals 

like Cd, Zn, Ni, Mn, Cu and Co were measured by 

using Perkin Elmer atomic absorption spectrometer 

(AAS-PEA-700). 

Exposure and risk assessment 

The following equation is a representative of 

chronic daily intake exposure: 

CDI = C× DI/ BW    (1) 

CDI is the chronic daily intake measured in µg/kg/d, 

where C is the drinking water contaminant 

concentration (ppb), DI is the average daily intake 

rate of drinking water (l/d) and BW is body weight 

(kg). The DI and BW are standard values according 

to USEPA.  

Non-carcinogenic risk, hazard quotient (HQ) was 

calculated by using the following equation [10]: 

HQ = CDI / RfD     (2) 

Where RfD, stand for reference dose (µg/kg/d)is a 

standard value according to USEPA for different 

metals as shown in Table 1. 

The cancer risk associated with ingestion 

exposure was calculated using the following 

equation [11]: 

R = CDI × SF       (3) 

Where R is the excess probability of developing 

cancer overall lifetime as a result of exposure to a 

contaminants (carcinogenic risk). According to the 

USEPA, risk (R) values greater than one in a million 

(10
-6

) are generally considered unacceptable; 

however, according to national standards and 

environmental policies this acceptable level may 

change and may be as high as 10
-4

 [12,14] and for 

non-carcinogenic, normal value is HQ<1 and 

exposed population is assumed to be safe [15]. The 

S factor and RfD values employed in this study were 

obtained from the website 

(http://www.epa.gov/iris/subst/0278.htm).  

Table 2 The reference dose (RfD) of different metals as suggested 

by the US Environmental Protection Agency (USEPA). 

Metal RfD (µg/kg/d) 

As 0.3 

Zn 300 

Mn 20 
Co 3 

Cu 10 

Cd 0.5 
Ni 20 

Fe 300 

Results and Discussion 

Health quotient (HQ) is used to determine the 

impacts of metals on human health and is calculated 

by daily intake, body weight, and standard values 

given by USEPA called as reference dose. HQ 

suggests the probability of adverse health effects and 

HQ>1 considered as a hazard for the weight of 70 

and 15 kg [16]. Ingestion was reported to be the 

most important route of exposure to trace metals 

[17].The results of this study showed that for HQ As 

of 70kg in phase 1, water samples which were found 

beyond the normal range were 1 of Manchar Lake, 4 

of fresh water and 7 of ground water. In phase 2, 2 

samples from Lake Manchar, 5 from river Indus and 

7 from ground water samples identified with HQ>1. 

HQ As 15 kg weight phase I showed 2 samples of 

Lake Manchar, 12 of river Indus and 6 of grounds 

water samples and in phase 2, all samples were lying 

in the normal range except seven samples observed 

with HQ>1. Mn HQ of phase 1 of 70 and 15 kg 

weight were observed less than one in all the 

samples because the readings were below the 

detection limit. In phase 2,number of samples which 

were observed more than the normal limit of HQ 

were 1 from Manchar Lake, 2 from river Indus and 2 

were from ground water samples and in phase2, 2 

samples were from Manchar Lake, 3samples from 

river Indus and 4from ground sources showed HQ>1.  

For Ni, HQ of phase1 70 kg weight, all samples 

had HQ<1 and in phase 2, one sample from each 

respective source, Lake Manchar, river Indus and 

ground water had HQ>1 that may cause chronic 

health impact for the drinking communities. For 15 

kg weight, Ni HQ phase 1 observed that only 1Lake 

Manchar sample was found with HQ more than 

normal limit and in phase 2, 2samplesofLake 

Manchar, 8 of river Indus, 1 of water supply source 

and 10 ground water sources were observed with 

HQ more than the normal range. For Zn HQ for the 

70 kg weight phase 1, all the samples had HQ>1 and 

same for phase 2.  For 15 kg HQ phase I, HQ were 

<1 in all samples and in phase 2, only 1 Lake 

Manchar sample and 2 ground sources had HQ>1. 

For Cd HQ 70 kg phase1, only one ground water 

sample had HQ>1 and others had values below 

detection limit. In phase 2, except 5 ground water 

samples, all samples were beyond the limit of HQ 

which showed health concerns of Cd. For the 15 kg 

phase I, only one sample was with HQ>1 while 

other samples had values below detection limit. In 
phase 2, except 5 ground water sources, all samples 

had HQ>1.  
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Table 3  The concentration of different metals in water samples collected from different sources in two phases.  

 

Metals 
Phase 1 Over limit 

samples 

Phase 2 Over limit 

samples WHO (ppb) 
Minimum Maximum Minimum Maximum 

Arsenic 5 250 13 5 500 12 10 

Cadmium 0 25.38 1 1.47 462.8 24 3 
Cobalt 45 823 - 2.7 814 - NF 

Copper 24 1076 1 74 2368 1 2000 

Zinc 5 2210 1 3 3429 5 3000 
Nickel 10.49 296 7 2.9 835 27 20 

Manganese 0 1200 1 21 4700 8 500 

Iron 40 6530 15 10 22500 19 300 
NF = not found 

Table 4 Carcinogenic Health Quotient (HQ) of arsenic for two body weights (BW). 

Sampling sources 

BW70HQ  BW15HQ 
Normal 

HQ 
Phase  1 Phase  2  Phase  1 Phase  2 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

Manchar lake 4.29E-01 2.14E+00 1.07E+00 2.14E+00  1.10E+00 5.50E+00 2.75E+00 5.50E+00 

>1.00E 10-6 
River Indus 4.29E-01 1.07E+01 2.14E-01 1.07E+00  5.50E-01 5.50E+00 5.50E-01 2.75E+00 

Water supply scheme 4.29E-01 4.29E+00 2.14E-01 2.14E-01  5.50E-01 1.10E+00 5.50E-01 5.50E-01 

Ground water 2.14E-01 4.29E+00 4.29E-02 2.14E+01  5.50E-01 2.75E+01 5.50E-01 5.50E+01 

 

For Co HQ 70 kg in phase 1, samples which were 

analyzed with HQ>1 were 2 from Lake Manchar, 3 

from the river Indus, 1 from water supply schemes 

and 3 from ground water. For phase 2, 2 samples 

were from Lake Manchar, 5 from the river Indus, 2 

from water supply schemes and 8from ground water 

showed HQ>1. For 15 kg HQ phase 1, all samples 

had HQ>1 and for phase 2, HQ except 3 ground 

water samples, all samples showed HQ>1. For Cu 

HQ phase 1 and phase 2 70kg, all samples were 

within normal range except one ground water 

sample. For phase I of 15 kg, all samples had HQ<1 

and in phase 2, 10 from the river Indus, 3 from water 

supply schemes and 4 from ground water had HQ 

more than one, which may cause chronic health 

impacts for consumers. 

The HQ of Fe also varied for 15 kg and 70 kg in 

phase 1 and phase 2. According to the above results, 

HQ of different metals reflects that for the 70 kg 

phase 2, HQ in majority of the samples was found 

higher than the normal range as compared to phase I. 

Similar results were observed for 15 kg HQ which 

might be due to the short fresh water flow in the 

river Indus from upper stream and effect of Lake 

Manchar pollutants and others like home sewerages.  

Carcinogenic risk was measured by slope factor 

only for As which reflected the impact of 

contamination in the sense of cancer causing agent 

for the consumers. According to Chen and Liao [18] 

and Obiri et al. [19], carcinogenic risk is defined as 

the incremental probability that an individual will 
develop cancer during one’s lifetime due to 

chemical exposure under specific scenarios with 

level between 10
-6

 and 10
-4

which is carcinogenic  

 

potential risk level [19,20]. Previously, the 

contamination exposure and impacts on drinking 

water of Johi district, Sindh, Pakistan were 

described where the HQ (carcinogenic) was 

observed more than the limit from the identified As 

contaminated water samples [21]. The results of our 

study also showed potential health carcinogenic 

concern for the consumers of drinking water of 

Jamshoro. Our research showed threat and alarming 

warning to take the serious steps for the local 

consumers to keep them protected from such kind of 

carcinogenic threats. It showed that HQ of 70 kg and 

15 kg were more on health concern from metal 

contaminations especially in phase 2. 

Conclusions 

HQ calculated for 70 kg was found higher in 

phase 2as compared to phase1. HQ varied in an 

order Co>As>Cu>Ni>Cd>Mn>Zn in phase 1 and 

Cd>As>Co>Ni>Cu>Mn>Zn in phase 2. Our 

research results emphasized to take the serious steps 

for the local consumers to keep them protected from 

such kind of carcinogenic threats. It is compulsory 

to provide them clean drinking water, especially 

during the dry season when fresh water is not 

flowing through river Indus. 
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