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ABSTRACT: Contamination of drinking water due to heavy metals and microbial growth is one of the most
important concerns that have received attention locally and globally due to its toxicological effect on
environment as well as on public health and is an emerging problem in District Quetta. Concentration of
Arsenic (As) and Antimony (Sb) along with the bacterial contamination (Colony Forming Unit) in the
drinking water of District Quetta were investigated with different parameters. The Atomic Absorption
Spectroscopy (AASP) flame emission technique was used to analyze the concentration of heavy metals. Based
on the study results, it was concluded that most of the drinking water samples were found fit for consumption
with respect to the aesthetic and physiochemical water quality parameters but generally poor with respect to
the bacterial contamination due to intermittent water supply, polluted sewerage pipes, leakage of pipes and
contamination of shallow water tables due to human activities. Water samples collected directly from Tube
(Bore) wells had less concentration of heavy metals than the water samples collected from Home (Tap) water.
Antimony (Sb) was above the WHO standard limits in the drinking water of almost all the sampling areas.
On average, the Antimony (Sb) (0.028±0.022 mg/L) was above the WHO standard limits while Arsenic (As)
(0.006±0.0094 mg/L) was below the WHO standard limits.
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INTRODUCTION
Water (H20) is an essential element for life and is vital
for the survival of living organisms and plants (Alissa
and Ferns, 2011). Water is the most widely distributed
substance on earth; life would not have advanced
without water on earth (Aydin et al., 2013). Physically
and apparently uncontaminated pure water is
colourless, tasteless and odourless (Pappas, 2011).
The quality of drinking water is of greatest concern
worldwide and access to safe drinking water is a major
issue in developing and undeveloped countries.
According to World Health Organisation (WHO)
report, about 780 million people worldwide do not have
access to adequate safe water; on consequences every
year more than 2.2 million people from developing
countries succumb to death from diseases that are

mainly associated with the lack of access to safe
drinking water (Berisha et al., 2013; WHO, 2014).
Access to safe drinking water is a major concern in
Pakistan (Azizullah et al., 2011). Only 25.61%
population of the country have access to safe drinking
water (Waseem et al., 2014). The surface water
resources of Pakistan mainly consist of flows of the
River Indus and its streams that bring in about 138
million acre feet (MAF) of water every year. In
Balochistan province, out of a total available potential
of about 0.9 MAF of groundwater, over 0.5 MAF are
already being utilized, thereby leaving a balance of
about 0.4 MAF that can still be utilized, though some
aquifers are already over exploited (Dil et al., 2008;
Kahlown and Majeed, 2002). The water resources of
Balochistan province consist of surface water and
ground water; the source being precipitation alone
(Majeed and Ali, 2006).
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For meeting drinking, domestic and irrigation
requirements karezes, open wells and Tube (Bore) wells
are used (Waseem et al., 2014). Karezes are
underground horizontal tunnels with vertical
shafts/wells for ventilation and periodic cleaning. Open
wells in different areas of the province are also used for
utilization of groundwater. Tube wells are increasing
with the current estimation of about 16,000 and ground
water tapped from these tube well of different depths
flows in pipes system to meet domestic and agricultural
requirements (Tareen et al., 2013; Majeed and Ali,
2006).
Humans can act as hosts to the bacterial, viral, or
protozoal organisms that cause waterborne diseases
(Kotloff et al., 2013). About 1.1 billion people globally
depend on water supplies that are at high risk of
microbial and faecal contamination (Brain et al., 2014;
Ye et al., 2013). According to WHO, 1.4 million people
died from diarrhoeal diseases in developing countries in
2012 (GBD, 2015; WHO, 2014); children under the age
of five years are the more susceptible group accounting
for major part in deaths (Murray et al., 2012; Walker et
al., 2013; Lanata et al., 2013). 88% of diarrhoeal
disease is mainly attributed to unsafe water supply
(WHO, 2014). Consumption of unsafe water annually
causes 1.5 million cases of clinical hepatitis A (Jabeen
et al., 2011).
Heavy metals are chemical elements with a specific
gravity that is at least five times the specific gravity of
water (Tareen et al., 2014). Small amounts of these
elements are common in our environment and diet and
are actually necessary for good health but large
amounts may cause acute or chronic toxicity (Chen et
al., 2007). Arsenic (As) is a toxic element, carcinogenic
to humans and is classified as Group 1 carcinogen by
(IARC) International Agency for Research on Cancer
(IARC, 2012). As the presence of heavy metals in water
is safe up to certain limit but if it exceeds a certain limit
it can cause harmful effect on human health and a long
term exposure may also lead to death (Ullah et al.,
2009). Arsenic (As) and Antimony (Sb) consumption in
drinking water is highly toxic and poisonous to normal
body function (Islam et al., 2012). Contents of Arsenic
(As), Antimony (Sb) along with other metals need to be
monitored in drinking water to avoid adverse health
effects (Dastgiri et al., 2010). Various techniques are
used to remove arsenic from drinking water and
coagulation is the most common and effective method.
(Berisha et al., 2013; Rahbar et al., 2012; Cicchella et
al., 2008).
The current study was conducted with the aim to detect
the presence of Arsenic (As), Antimony (Sb)
concentration and bacterial contamination in drinking
water of District Quetta, Balochistan, Pakistan and to
find correlation of different parameters with microbial
growth and heavy metals.

134

MATERIALS AND METHODS
An analytical research study was conducted for the
detection, assessment and evaluation of Arsenic (As)
and Antimony (Sb) in drinking water from different
areas of District Quetta. Presence of microorganisms
(Bacterial Contamination) was also analysed. Tube
(Bore) wells selected were of different parameters.
Twenty four (24) water samples from different tube
wells and homes (Tap) Water were collected in sterile
falcon tubes. Clean and un-rusted tap were selected for
the collection of water samples. Taps were allowed to
flow for at least two (02) minutes before the collection
of samples. Tube wells water samples were collected
from tube well after allowing them to flow continuously
for at least ten (10) minutes. Depth of each tube well
was recorded; the tube wells were of different length
ranging (650-1200 feet). The questionnaires were also
filled about different parameters.
The collected water samples were processed in
laboratory for presence of heavy metal contents. Water
sample pH was measured by pH meter and water
samples electric conductivity was measured with the
help of conductive meter. The mean pH in water sample
collected from tube well was 7.8±0.49 (7.1 to 8.4) in
water samples taken from tube well whereas the mean
pH in water sample collected from home was 7.7±0.44
(7.1 to 8.3). The mean conductivity in water sample
collected from tube well was 120.8 µS±31.87 (79.3 µS
to 165.3 µS) whereas the mean conductivity in water
sample collected from home was 120.8 µS±31.72 (79.6
µS to 165.1 µS). All calculated samples pH and
conductivity were according to standard pH and
conductivity.
The collected water samples were kept in ice pots
during transportation to the laboratory to avoid
microbial contamination. The concentration of Arsenic
(As) and Antimony (Sb) were analysed in water
samples. Atomic Absorption Spectroscopy (AAS)
flame emission technique was used for the detection of
heavy metals presence and for sample analysis with the
help of Nitrous oxide/Acetylene gases.
Bacterial contamination in water samples was analysed
as quickly as possible within 2-4 hours of collection.
Bacterial contamination was analysed on nutrient agar
media. Colony Forming Unit (CFU) were counted and
results were analysed in Microsoft excel and SPSS
version 20.
RESULTS AND DISCUSSION
The results suggest that most of the drinking water
samples in the surveyed area of Quetta district were
found fit for consumption with respect to
physicochemical and aesthetic water quality parameters
but none of the samples were safe from bacterial
contamination.

Khan, Khalid, Ullah, Rehman, Ayaz, Ullah, Jadoon, Waqas and Afridi
Generally in Pakistan the quality criteria of water is like
foul smelling, bad tasting, brackish, coloured or turbid
water to determine that it is not suitable for drinking.
Although Arsenic (As) contents were below the WHO
standard limits but Antimony (Sb) contents were above
the WHO standard limits for drinking water in water
samples collected from all the areas. Higher amounts of
Arsenic (As) and Antimony (Sb) were calculated in
water samples collected from home than in water
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samples collected directly from tube (Bore) well. The
mean value of Arsenic (As) and Antimony (Sb)
contents in water sample collected from tube well was
0.006±0.0094 mg/L (0.0001-0.027 mg/L) and
0.028±0.0218 mg/L (0.006-0.071 mg/L) respectively
whereas the mean value of Arsenic (As) and Antimony
(Sb) contents in water sample collected from home was
0.007±0.0092 mg/L (0.0005 to 0.028 mg/L) and
0.030±0.0239 mg/L (0.006-0.073 mg/L) respectively.

Average Arsenic (As) and Antimony (Sb) Contents

Average Heavy Metal Contents in Tube (Bore) Well Water Samples
Arsenic (As) and Antimony (Sb) Contents in mg/L

Average Heavy Metal Contents in Home (Tap) Water Samples
0.035

WHO Standard Limits
Arsenic
(As) = 0.01mg/L
0.03
Antimony (Sb) = 0.005mg/L

0.03
0.028

0.025
0.02
0.015
0.01
0.005

0.006

0.007

0
Arsenic (As)

Antimony (Sb)

Arsenic (As) and Antimony) Sb Contents in Tube (Bore) Well and Home (Tap)
water samples
Fig. 1. Average Arsenic (As) and Antimony (Sb) Contents.

On average in water samples, the Arsenic (As) contents
were below the WHO standard (0.01 mg/L), but the
samples from three sampling areas (0.0121 mg/L),
(0.0239 mg/L) and (0.0281 mg/L) were above WHO
standard limits. Arsenic (As) was positively correlated
(r = 0.0458) with the depth of tube well, functioning of
the tube well (r = 0.4087) and negatively correlated (r =
-0.44) with the pH of the water. According to study
results Arsenic (As) contents were in less quantity in
tube wells of shallow depth, higher amount in old tube
well. Arsenic (As) were less in quantity at higher pH.
On average in water samples, the Antimony (Sb)
contents were significantly above WHO standard limits
(0.005 mg/L) in water samples collected from all areas

counted as (0.073 mg/L), (0.032 mg/L), (0.034 mg/L),
(0.006 mg/L), (0.035 mg/L), (0.008 mg/L), (0.009
mg/L), (0.052 mg/L), (0.069 mg/L), (0.025 mg/L),
(0.013 mg/L) and (0.006 mg/L). At test value of 0.005
the mean for tube well sample was 0.027±0.021
(p=0.004) and 0.030±0.023 (p=0.004) for home (Tap)
water samples. Antimony (Sb) was negatively
correlated (r = -0.678) with the depth of tube well,
functioning of the tube well (r = -0.216) and positively
correlated (r = 0.8624) with the pH of the water.
According to study results antimony contents were in
greater quantity in tube wells of shallow depth and less
in quantity in old tube well. The antimony (Sb) was
high in quantity at higher pH.
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One-Sample Statistics
N
Antimony in Tube Well
Sample
Antimony in Home Sample

t

Antimony in Tube Well
Sample
Antimony in Home Sample

Mean

Std.
Deviation

Std. Error Mean

12

.02750

.021807

.006295

12

.03017

.023912

.006903

Test Value = 0.005
Sig. (2Mean
95% Confidence Interval
tailed)
Differenc
of the Difference
e
Lower

df

3.574

11

.004

.022500

.00864

3.646

11

.004

.025167

.00997

Fig. 2. One Sample t test for Antimony (Sb) contents in Home (Tap) water and Tube
(Bore) well water samples.
Water samples collected from all areas were
contaminated with bacterial contamination. None of the
samples were safe from bacterial contamination. Many
reasons may be attributed including leakage of pipes
(leakage in supply system) intermittent water supply,
contamination of shallow water reservoirs due to
human activities, unsealed tube wells and problem
within the distribution system (pollution from sewerage
pipes) (Knappett et al., 2012).The bacterial
contamination was affected by different parameters.
Many secondary sources may also be involved in
ground water contamination including industrial

pollution, Irrigation, flooding, fungicides, fertilizers,
pesticides and untreated municipal waste (Tareen et al.,
2013). When bacterial contamination was correlated
with the depth of tube well the correlation was r = 0.8594 which showed that the depth of tube wells had
significantly negative correlation with bacterial
contamination. According to study results bacterial
contamination was higher in tube wells of shallow
depth. Bacterial contamination was negatively
correlated (r = -0.618) with the pH of water samples as
at higher water pH less number of colony forming units
(CFU) were counted.

Paired Samples Test
Mean

Pair 1
Pair 2
Pair 3

Arsenic in Home Sample - Arsenic
in Tube Well Sample
Antimony in Home Sample Antimony in Tube Well Sample
Micro-Organism in Home Sample Micro-Organism in Tube Well
Sample

Std. Deviation

Paired Differences
Std. Error Mean

.0009417

.0013761

.0003972

.0000674

.002667

.003701

.001068

.000315

3.917

5.775

1.667

.247

Paired Differences
95% Confidence Interval of
the Difference
Upper
Pair 1
Pair 2
Pair 3

Arsenic in Home Sample Arsenic in Tube Well Sample
Antimony in Home Sample Antimony in Tube Well Sample
Micro-Organism in Home Sample
- Micro-Organism in Tube Well
Sample

95% Confidence Interval
of the Difference
Lower

t

df

Sig. (2-tailed)

.0018160

2.371

11

.037

.005018

2.496

11

.030

7.586

2.349

11

.039

Fig. 3. Paired t test for studied parameters.
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When Colony forming units (CFU) were correlated
with the functioning of the tube well, the correlation
was (r = -0.151) which showed that the functioning of
the tube well had significantly negative correlation with
bacterial contamination. According to study results the
contamination was less in old functioning tube wells.
When Colony forming units (CFU) were correlated
with the conductivity the correlation was (r = 0.6798)
which showed that the contamination had significantly
positive
correlation
with
conductivity.
The
contamination Colony forming units (CFU) were
negatively correlated with Arsenic (As) (r = -0.161) and
Antimony (Sb) (r = -0.636) contents. According to
study results Arsenic (As) and Antimony (Sb) contents
were decreased by presence of Colony forming units
(CFU) in water samples.
Water samples collected from tube (Bore) wells had
less concentration of Arsenic (As), Antimony (Sb) and
microorganisms (bacterial contaminations) than water
sample collected from tap water (Home). Statistically
significant difference between the Home (Tap) water
sample and Tube (Bore) well water samples were
associated. At 95% of confidence interval the p value
was statistically significant for Arsenic (As) (0.037),
Antimony (Sb) (0.030) and Bacterial Contamination
(0.039). Study results have shown that Antimony (Sb)
and Arsenic (As) have some antiseptic characteristics
that has lead to decrease in presence of microorganisms
in home water samples however further research is
needed for the support of these results.
From the public health point of view, it is absolutely
essential to establish regular monitoring and evolution
system of all water resources and water points.
Environmental Protection Agency (EPA) need to play
an active role in water protection as most of the
industries dispose there harmful wastes in water bodies
and ground water, EPA should strictly enforce laws and
regulations preventing such act. Alternate sources of
water should be identified in the areas where the quality
of source of existing water supply is questionable.
Lower cost house hold water treatment technologies
with low technical input should be used in the form of
filter plants for controlling and treating water with
biological, Arsenic (As) and Antimony (Sb)
contamination. Farmers should use environmental
friendly fertilizers and insect repellents in their farms.
Substandard chemicals with impurities are used in
water treatment plants which produce different health
hazards so for this purpose strict quality control need to
be ensured in the treatment plants (Tareen et al., 2014).
CONCLUSION
Based on study results, it is concluded that most of the
drinking water samples in the surveyed area of Quetta
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district were found fit for consumption with respect to
physicochemical and aesthetic water quality parameters
but drinking water quality due to bacterial
contamination in Quetta District is generally poor.
None of the samples were safe from bacterial
contamination. On average, Antimony (Sb) was above
the WHO standard limits in the drinking water of
almost all the areas of District Quetta. Water samples
collected from tube wells had less concentration of
Arsenic (As), Antimony (Sb) and bacterial
contamination than water sample collected from Home
(Tap) Water.
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