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Introduction
About 200 billion m3 useable fresh water is available in Pakistan for drinking, household 

and industrial purpose [1]. 75% of this water (i.e. 150 billion m3) is utilized. Most of this 
used in irrigation and the industry as Pakistan based on cotton and leather industry which 
needs plenty of water for the product treatment. Since the Karachi is the most populated 
city of the country therefore, it required 820 to 1200 MGD (million gallons per day) from 
the main stream but it receives 665 MGD approximately which is not quite enough for the 
city population (about 20-25 million) [2]. This short fall more surprises when the water 
management was not anxious to resolve the drainage of fresh water, therefore most of the 
city residential area is dependent on the ground water which is mostly salty as the city is a 
seaport too [3]. The stream pollution comes from the different discharge of waste into the 
water similarly the ground water pollution becomes due to the unwanted waste activities on 
to the ground for a long period of time [4]. As a fact this is known that the ground water is 
polluted because of incineration or leaching of the unwanted toxicants from surface to depths 
[5].

E-waste is nothing except the waste from electrical and electronics equipments/appliances 
used in homes, offices and industries. These items very frequently replaced in developed 
countries, as the newer and advanced version launched in market [6]. Existing versions are 
constantly being relegated to the back and subsequently being replaced and mostly disposed, 
whereas industries replacing only the part of equipments with spare parts which must be 100 
or more times higher in quantity [7,8]. The composition of e-waste is differs across different 
categories.  Although e-waste contains a charm for valuable recyclable component such as 
Au, Pt, & Ag, however potentially toxicants are also the part of e-waste in such amount, which 
could not be negligible particularly when the waste were managed improperly [9,10]. The 
global quantity of e-waste is growing with an annual growth rate of 4-5%. it is estimated 
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Abstract
The effect of e-waste activities on tap and ground water quality was evaluated. Sampling was carried out 
during dry season (May to June). Four distance points and three depths were selected to represent the 
ground water. The metal toxicity was the focus area and only the main metallic constitute in electronic 
waste (e-waste), which could be possible to be the part of e-waste were  selected to determine like, Cd, 
Cr, Cu, Fe, Ni, Pb and Zn. Analysis was carried out using  standard ASTM (D1971) digestion and analysis 
protocol on Atomic Absorption Spectrometer (AAS). The estimated data were compared with the levels 
allowed by the National and International standards i.e. Pakistan environmental protection agency (Pak-
EPA), EC50 and WHO (world health organization) guidelines. The maximum elemental concentration 
were remained as Cd 0.006, Cr 0.009, Cu 0.098, Fe 0.065, Ni 0.032, Pb 0.151 and Zn 0.091mg/l for 
50meter distance from the dumpsite in the ground water. Pb and Ni are found higher than the WHO & 
Pak-EPA recommendations while Cd is higher than WHO but within the Pak-EPA acceptable limit. It is 
clear that the presence of these metals in the media will cause serious health problems to the residence 
of the area and as well as to the city. It is concluded that the dumping of electronic waste (e-waste) is the 
major source of contamination of heavy metals in the studied media of the city. It emphasizes that the 
e-waste must be recycled properly to prevent the media from being polluted. 
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that 20-50 million tons of e-waste is generated per year, Pakistan 
also producing 11.7kg per capita per year,  whereas only 20-
30% was recycling and remaining goes directly into landfills and 
incinerators. Most of e-waste generated in developed countries and 
from where 75-80% is shipped to developing countries in Asia and 
Africa for recycling and disposal [11-15]. Worker performs e-waste 
recycling in these countries without any environmental or worker 
health precautions [15]. The process of dismantling and disposing 
of e-waste may caused the environmental impact as the release of 
hazardous substances contaminated the soil and ground water as 
well as air [14-18]. This affects the land, sea animals, crops and 
human beings [18]. This is because the developing countries facing 
the health challenging issues by pollutions. Surface soil, depth soil 
and ground water are the main source that can provide information 
about the level of incineration and contamination [19,20]. 

The composition of soil and water can be indirectly an indicator 
of pollutants such as heavy metal contamination in the atmosphere 
[21]. Pakistan, where environmental laws exist but not implemented 
efficiently [22]. Therefore for the pollutions of environment the 
e-waste is must be a reason that causing the damage to the people 
and their immediate environment [23]. All electronic items contains 
heavy metals like cadmium, lithium and lead found in batteries 
and cathode ray tubes. An environmental report stated that about 
75% of heavy metals founds in landfills comes from e-waste [7,24]. 
People working on recycling and dumping sites can expose to heavy 
metals through inhalation, ingestion and skin absorption and the 
exposure can results in acute and chronic toxicity [25,11]. Most 
heavy metals has no biological role and negatively affects human in 
significant ways. Like the lead level in dust have been significantly 
associated with lead levels in children blood and Blood Lead Levels 
(BLL) greater than an international level of 10 micro gram per 
deciliter has been associated with a decrease in IQ [15,26-28].  The 
verse affect of heavy metals is that when organic waste breaking 
down the heavy metals remain unaffected and their incineration 
occurs timely. These heavy metals come back in contact through 
leached into the ground water, after a certain concentration 
limit they impose toxic effects on living organism [29-31]. Today, 
mobile and other smart communication devices usage has grown 
exponentially in Pakistan both in terms of number of users and the 
amount of activity. Pakistan had crossed the number of 50 millions 
subscribers in the fiscal years 2020, the government has extended 
support to mobile handsets imports while reducing the custom 
duty. In only 2008-09, the cellular mobile companies in Pakistan 
added over 6.3 million subscribers [32].

Materials and Methods
Location of study

The geographical coordinate of the Karachi city is 24o51’36»N 
and 67o00’36»E. Altitude 8-meter AMSL, Density 3394 persons/
km2, Elevation 8-meter (26ft). The city is along the coast of Arabian 
Sea. Therefore, the city serves as an industrial hub and international 
sea transportation point. The city is spread over an area around 
3527km2. The average rainfall of the city is around 7 inches/annum. 

However, the monsoon season in July-August; experiences bulk 
precipitation. May and June are the hottest months in the country 
and as well in the city; the temperature rises often 45 °C, indicating 
the summer is scorching. The temperature in the winter’s season 
drops up to 5 °C during December and January. The city is also 
graded as a beta world city. Karachi is the 7th  largest agglomeration 
in the world and the largest city in the Muslim world. The two rivers 
namely the Malir River and the Lyari River flow through the city 
both are the biggest dumping zones of Karachi, second one is our 
study area [13,22,33].

Water sampling

The analysis of heavy metals was determined in the samples 
of groundwater collected from the residential area in 2015, to 
determine the leaching effect of underground water. Furthermore, 
the drinking water (tap water) is supplied through pipes for the 
inhabitants. The residential area is present along both sides of the 
dumped site. A large number of people are living in the Shershah 
area of the city. The analysis of heavy metals in water samples of 
both sides of the dumpsite was done. The samples were collected 
from tap water designated as (WT) and the groundwater present 
in the well or bore designated as (WB). Furthermore, the scanty 
volume of water is provided to the area by the municipality for 
drinking and domestic use. The inhabitants are compelled to 
use bore water to continue their lives in the populated city. The 
area distance for water sampling was kept about 50 meters and 
100 meters far from the dumpsites. The depths of the well were 
selected as nearly100ft,120ft and 150ft for the collection of water 
samples for heavy metal analysis. The three replicate samples were 
collected after allowing 100 litre water to collect in other containers 
through motors. The samples were mixed and the composite 
sample was taken to behave as the representative sample for well 
water. The composite samples collected from the east side of the 
dumpsite designated as EBW (100), EBW (120), EBW (150) and 
from the west side as WBW (100), WBW (120), and WBW (150). 
The samples were collected in the plastic containers previously 
washed with nonionic detergent. The containers were washed with 
the tape water and soaked in 10% HNO3 for 24 hours. Finally, the 
containers were rinsed with the deionized water. They were stored 
in the refrigerator at 4 °C to save the samples from contamination 
and evaporation. The stored samples were marked and labelled for 
further analysis [9,34].

Results and Discussion 
The concentration for the heavy (toxic) metals such as Cd, Cr, 

Cu, Fe, Ni, Pb and Zn were analyzed in water samples that were 
collected from the either side of e-waste dumpsite in shershah 
market Karachi. 50 meter and 100 meter distance with three 
different depths 100ft, 120ft and 150ft were the focused point of 
sampling to check the distance and depth affected by heavy metal 
dumping contamination.  Table 1 represents 50 meter east side 
water sample concentration in mg/L. the Cd concentration were 
0.004mg/L for 100 and 120ft depths (Figure 1). For 100 meter east 
side Cd was not detected, whereas for 50 meter west side Cd was 
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0.006mg/L (Table 2) for 100 ft bore water, similarly on 100 meter 
distance Cd was remain 0.003mg/L (Table 3,4). Cd was not detected 
in tap water supplied by Municipal Corporation. Chromium in 50 & 
100 meter east side were 0.005 & 0.004 for 100, 120 & 150ft (Table 

1 & 3). The 50 meter west sides were found more concentrations 
for Cr as 0.009, 0.006 & 0.004mg/l for the depth of 100, 120 & 150ft 
(Table 3). Similarly it was 0.002mg/l for 100ft 0.001mg/l for 120ft 
and not detected for 150ft (Figure 2,3).

Figure 1: Heavy metal concentrations (mg/l) in tap and ground water from e-waste dumpsite 50-meter east 
(Akortia et al. 2017).

Figure 2: Heavy metal concentrations in Tap and Ground water samples for 100-meter east (Mohod et al.,2013).

Figure 3: Total elemental concentrations (mg/L) in tap and groundwater from (recycling side) dumpsite 50 meter 
west.(Demir et al., 2015).
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Table 1: Heavy metal concentrations (mg/l) in tap and ground water from e-waste dumpsite 50-meter east.

Heavy Metal Tap Water EBW (100 ft.) EBW (120 ft.) EBW (150 ft.)

Cd ND 0.004 ± 0.002 0.004 ± 0.002 0.003 ± 0.001

Cr ND 0.005 ± 0.003 0.004 ± 0.002 0.004 ± 0.002

Cu 0.009 ± 0.002 0.012 ± 0.003 0.010 ± 0.006 0.008 ± 0.005

Fe 0.003 ± 0.001 0.019 ± 0.002 0.013 ± 0.003 0.006 ± 0.002

Ni ND 0.015 ± 0.002 0.011 ± 0.004 0.010 ± 0.002

Pb ND 0.019 ± 0.003 0.014 ± 0.004 0.012 ± 0.005

Zn 0.005 ± 0.001 0.034 ± 0.006 0.031 ± 0.004 0.028 ± 0.008

Ph 7.05 ± 0.03 7.86 ± 0.02 7.89 ± 0.05 7.92 ± 0.03

Table 2: Heavy metal (mg/l) in tap and groundwater from (recycling side) dumpsite 50 meter west.

Heavy Metal Tap Water WBW (100 ft.) WBW (120 ft.) WBW (150 ft.)

Cd ND 0.006 ± 0.002 0.005 ± 0.002 0.003 ± 0.003

Cr ND 0.009 ± 0.003 0.006± 0.002 0.004 ± 0.002

Cu 0.009 ± 0.002 0.098 ± 0.007 0.083 ± 0.009 0.078 ± 0.005

Fe 0.003 ± 0.001 0.065 ± 0.006 0.062 ± 0.003 0.056 ± 0.002

Ni ND 0.041 ± 0.005 0.040 ± 0.008 0.032 ± 0.007

Pb ND 0.151 ± 0.008 0.146 ± 0.006 0.13 ± 0.005

Zn 0.005 ± 0.001 0.091 ± 0.006 0.082 ± 0.004 0.067 ± 0.008

pH 7.05 ± 0.03 7.83 ± 0.02 7.86 ± 0.05 7.90 ± 0.03

Table 3: Tap and ground water heavy metal concentrations (mg/l) from the 100-meter east side.

Heavy Metal Tap Water EBW (100 ft.) EBW (120 ft.) EBW (150 ft.)

Cd ND ND ND ND

Cr ND 0.005 ± 0.003 0.005 ± 0.002 0.004 ± 0.002

Cu 0.009 ± 0.002 0.007 ± 0.003 0.007 ± 0.002 0.006 ± 0.001

Fe 0.003 ± 0.001 0.015 ± 0.002 0.013 ± 0.003 0.012 ± 0.002

Ni ND 0.008 ± 0.001 0.005 ± 0.004 0.003 ± 0.002

Pb ND ND 0.008 ± 0.004 0.006 ± 0.005

Zn 0.005 ± 0.001 0.014 ± 0.006 0.011 ± 0.004 0.008 ± 0.008

pH 7.05 ± 0.03 7.93 ± 0.02 7.96 ± 0.05 7.97 ± 0.03

Table 4: Concentrations (mg/l) in tap and groundwater from (recycling side) dumpsite 100 meter west

Heavy Metal Tap Water WBW (100 ft.) WBW (120 ft.) WBW (150 ft.)

Cd ND 0.003 ± 0.002 0.003 ± 0.002 0.002 ± 0.001

Cr ND 0.002 ± 0.001 0.001 ± 0.001 ND

Cu 0.009 ± 0.002 0.032 ± 0.007 0.030 ± 0.009 0.019 ± 0.005

Fe 0.003 ± 0.001 0.025 ± 0.006 0.019 ± 0.003 0.016 ± 0.002

Ni ND 0.022 ± 0.005 0.016 ± 0.008 0.011 ± 0.007

Pb ND 0.084 ± 0.008 0.068 ± 0.006 0.061 ± 0.005

Zn 0.005 ± 0.001 0.082 ± 0.006 0.071 ± 0.004 0.07 ± 0.008

pH 7.05 ± 0.03 7.70 ± 0.02 7.86 ± 0.05 7.89 ± 0.03
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Tap and ground water both were showing the presence of Cu. In 
50 meter east Cu was 0.012 to 0.008mg/l (Table 1). The maximum 
Cu was detected in 100ft and minimum in 150ft. while for tap 
water Cu was 0.009mg/l. Cu is zinc balancing metal and essentially 
required for human body in limited extent. In 100 meter east side 
water analysis Cu was detected as low as 0.009 to 0.006mg/l (Table 
3). West side 50 meter distance water sample results presented 
in Table 2, indicating Cu concentration as 0.098, 0.083, 0.078 & 
0.009mg/l for 100, 120 ,150ft &  tap water. The concentration order 
found as 100ft > 120 > 150 > tap water. Similarly for 100 meter 
west side Cu was 0.032 to 0.019mg/l. the minimum in 100ft and 
maximum in 150ft. tap water supplied for both side and distance 
from the same source. Tap and bore water iron concentrations were 
remain from 0.065, 0.062 and 0.056mg/l in recycling side 50 meter 

west for 100, 120 & 150ft depths (Table 2). For 100 meter west sides 
it was 0.025, 0.019 & 0.016mg/l (Table 4) respectively (Figure 4). 
Similarly for 50 meter east Fe were 0.019, 0.013, 0.006mg/l (Table 
1) and for 100 meter east it was 0.015, 0.013 0.006 mg/l (Table 3) 
for the depths of 100, 120 & 150ft relatively. Nickel concentration 
were found 0.041, 0.040 & 0.032 mg/l for 50 meter west in 100, 
120 &150ft (Table 2), 0.022, 0.016 & 0.011mg/l for 100 meter west 
(Table 4), 0.015, 0.011 & 0.010 mg/l for 50 meter east (Table 1) 
and 0.008, 0.005 & 0.003mg/l for 100 meter east relatively. The 
maximum nickel was detected 0.041mg/l for 50 meter west side 
and minimum Ni 0.003mg/l for 100 meter east. All high nickel 
values were for 100 ft depth while the lower one for 150ft. Ni is 
also a carcinogenic metal.

The most toxic metal in water is Pb this harms the bone and 
brain equally and causes to lower the human IQ level, immediately 
effective for children’s [9,35,36]. Pb concentrations were 0.019, 
0.014 & 0.012mg/l (Table 1) for 100, 120 & 150ft bore water taken 
from 50 meter east. 100 meter east side water Pb was very low 
as 0.008 & 0.006mg/l for the depth of 120ft and 150ft (Table 3). 
Lead concentrations for 50 meter west sides were 0.151, 0.146 & 
0.13mg/l for 100, 120 & 150ft. this was the highest lead toxicity 
found in water samples. The level of lead toxicity was 100ft > 
120ft > 150. 100 meter west side water also containing the lead 
contamination as 0.084mg/l for 100ft, 0.068mg/l for 120ft and 
0.061mg/l for 150ft (Table 4). The west side is also the recycling 
side of the e- waste. The most essential heavy metal after iron is 
zinc [9]. It was also detected in bore and tap water. 50 meter east 
side Zn was 0.034mg/l to 0.028mg/l for 100, 120 and 150ft, while 
for tap water zinc was only 0.005mg/l (Table 1). 100 meter east side 
Zn was detected more low as 100ft > 120ft > 150ft (Table 3). The 
west side Zn was presented in Table 2 as 0.091, 0.082 & 0.067mg/l 
for 100ft, 120ft and 150ft depths. Similarly it was 0.082mg/l for 
100ft, 0.071mg/l for 120ft and 0070mg/l for 150ft (Table 4). Zinc 
is not of health concern at levels found in drinking-water it may 
affect acceptability of drinking water [37]. The pH for tap water was 

7.05 and for bore water it was 7.70 to 7.96 indicating the presence 
of lighter and heavy metals in bore or ground water. Tap water pH 
was showing the suitability for safe drinking and other house hold 
usage.

Table 5 & 6 were presented for the highest heavy metals 
concentrations in tap and ground water at 50 & 100 meter distance 
from the dumpsite in Karachi, Pakistan & Lagos state Nigeria with 
EC50, Pak-EPA and WHO recommended values in mg/l [38-41]. 
Comparison indicating the too much safer water than Nigeria is 
present in Pakistan soil or ground. The comparison with the WHO 
and Pak-EPA recommended values representing the actual status as 
Cd is higher than the WHO value 0.003mg/l but lower than the Pak-
EPA recommendation 0.01mg/l [42,37]. Cr, Cu and Zn were within 
the control limit for both WHO and Pak-EPA limits. Ni is at safe level 
for WHO value but higher than the Pak-EPA acceptable value for 
safe drinking water. Pb concentration 0.151mg/l is much higher 
than the WHO & Pak-EPA values 0.01 and <0.05mg/l respectively. 
All heavy metal concentrations in water were lower than the EC50 
values [38]. It may be due to the dumpsite at the edge of river close 
to sea and most of incineration into the ground not occurs as it was 
in Nigeria [13,43,44].

Figure 4: Concentrations (mg/L) in tap and groundwater from (recycling side) dumpsite 100 meter west.



6

Annals of Chemical Science Research       Copyright © Abdul Rafeeq

ACSR.000544. 2(4).2021

Table 5: Maximum concentrations (mg/l) in tap and ground water 50 meter from dumpsite.

Element Cd Cr Cu Fe Ni Pb Zn

TAP ND** ND 0.009 0.003 ND ND 0.005

WELL 0.006 0.009 0.098 0.065 0.041 0.151 0.091

(Nigeria)*, tap water 0.002 0.29 NR* NR 0.92 1.36 0.4

(Nigeria)*, well water 0.006 0.25 NR* NR 1.23 1.8 0.841

EC50 (mg/l) 0.86 3.91 0.13 NA 0.88 3.84 1.21

Pak-EPA 0.01 ≤ 0.05 2 0.3 ≤ 0.02 ≤ 0.05 5

WHO 0.003 0.05 2 0.3 0.07 0.01 3

(Nigeria)*= Lagos state Nigeria, EC50 – Effective concentration of a substance in water that will cause irreversible dam-

age in one half of a population; NR*; not reported; ND; not detected, NA; not available

Table 6: Maximum heavy metal concentrations (mg/l) in tap and ground Water 100 meter from dumpsite.

Element Cd Cr Cu Fe Ni Pb Zn

TAP ND ND 0.009 0.003 ND ND 0.005

WELL 0.003 0.005 0.032 0.025 0.022 0.084 0.082

(Nigeria)*, tap water 0.003 0.004 NR* NR 0.001 0.033 0.004

(Nigeria)*, well water 0.004 0.02 NR* NR 0.005 0.43 0.35

EC50 (mg/l) 0.86 3.91 0.13 NA 0.88 3.84 1.21

Pak-EPA 0.01 ≤ 0.05 2 0.3 ≤ 0.02 ≤ 0.05 5

WHO 0.003 0.05 2 0.3 0.07 0.01 3

Direct intake from water rather than soil exposure is very toxic 
for the human health. High lead concentration in drinking water 
may results in metallic poisoning that manifests in symptoms such 
as tiredness, lassitude, slight abdominal discomfort, irritations and 
anemia [4,45,46]. Zn excessive level in drinking water can cause 
problem of bitter, astringent taste and opalescent appearance. 
Ni causes skin damage and asthma. Over a long period use of Cr 
containing water, although the concentration is very small,  becomes 
a cause of high blood pressure and kidney and DNA damage, and 
has been linked to asthma and bronchitis. Cu at certain level is 
required to the human bodies even infants takes the copper from 
mother milk. Deficiencies in Cu may stops many enzymatic and 
catalytic reaction in living bodies. The nature has arranged system 
to fulfill the requirement of all metal from the natural source. Any 
irrelevant source of supply of these metals, without any monitoring, 
must exceeds the optimum condition level which is basically come 
under the definition of toxicity [6,47-51].  

Conclusion
The analysis of heavy metals were carried out in various samples 

collected from the e-waste dumpsite around area of the Shershah 
market in Karachi. The maximum concentration was found as Cd 
0.006mg/l, Cr 0.009 mg/l, Cu 0.098mg/l, Fe 0.065, Ni 0.032mg/l,  
Pb 0.151mg/l and Zn 0091mg/l, for 50 meter west distance from 
the dumpsite in bore or well or ground water. As compared to EC50 
(Table 5) values these concentrations are very low but very high 
than detected in tap water. The 100 meter distance well water higher 
detected values were 0.082, 0.084 0.010, 0.002 and 0.032mg/l for 

Zn, Pb, Ni, Cr & Cu. Ni & Pb are crossing the WHO acceptable limits 
while Cr, Cu & Zn falling within the permissible limits for both WHO 
& Pak-EPA. Cd is also up to standard for Pak-EPA but, less than WHO 
limit. All determined heavy metals are less than 0.1mg/l, only the 
lead is showing 0.151mg/l which is higher than the acceptable 
limit. These heavy metals most probably are coming in water from 
the leaching of metals on dumpsite in the soil and after many years 
when excess amount leached inside the ground water these heavy 
metals comes in contact of human from the bore water used in 
homes. This may not show immediate effects but continual usage of 
contaminated water will be dangerous as body absorbs the metals 
and reflects in the form of typical diseases. The pH of the samples 
was 7-8, showing the alkaline nature of the samples. This study 
inhibits the ground water to drink and will be valuable for selecting 
appropriate mitigation for the e-waste-impacted deteriorated 
environments and to safeguard the environment and people from 
potential hazards.
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