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ABSTRACT

This study examined the groundwater and surface water quality for drinking and irrigation pur-
poses in the Rawalpindi, Pakistan. For this purpose, samples were collected from groundwater (n
= 30), surface water (River Soan, n = 27) and wastewater (n = 21). Each sample was analyzed for the
physiochemical parameters and potentially toxic elements (PTE) concentrations. Results revealed
that groundwater showed the lowest levels of physiochemical parameters and PTE contaminations,
followed by the surface water (River Soan) and the highest in wastewater. The PTE contamination’s
levels in groundwater, River Soan and wastewater surpassed the national environmental quality
standards (NEQs) set by Pakistan’s environmental protection agency (Pak EPA). Groundwater (hand
pump, bore well and tube well) sources were evaluated for the risk assessment of PTE consumption
through drinking water. Among drinking water, the highest PTE contaminations were observed in
hand pump water that led to higher average daily intake (ADI) (0.079 mg/kg-d) value for Zn and
hazard quotient (HQ) value (11.7) for Cd. The HQ values of Cd were > 1 for all sources of drinking
water. Higher HQ values of Cd could induce various acute and chronic health problems to exposed
human population of study area.

Keywords: Drinking water; Average daily intake; Hazard quotient; Risk assessment; River Soan;
Wastewater

1. Introduction

Drinking water is derived from various sources depend-
ing availability of groundwater (aquifers) and surface water
(lakes, reservoirs and rivers) [1]. Drinking water contami-
nation is a serious natural calamity and public health risk
that originates from both anthropogenic (industrial and
domestic discharge, wastewater treatment plants, mining
and agriculture) and geogenic (weathering and erosion
of bedrocks and ore deposits) sources [2-4]. Among these

*Corresponding author.

sources, the discharge of industrial wastewater significantly
alters water quality characteristics and contributes to water
contamination [5,6].

Water quality characteristics are considered as one of
the major health-controlling factors and state of disease in
the living organisms [7-10]. Water characteristics include
physiochemical, biological parameters, and potentially
toxic elements (PTE) which are more hazardous due to
their poisonousness, non-degradable and bio-accumu-
lative nature. The PTE includes essential elements and
non-essential or toxic elements. Essential elements such as
nickel (Ni), manganese (Mn), copper (Cu), chromium (Cr),
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iron (Fe) and zinc (Zn) are required in a specific amount
for normal function of living beings, while their higher
concentration could induce harmful effects [11,12]. Toxic
elements include lead (Pb), cadmium (Cd), arsenic (As)
and mercury (Hg) are hazardous for living beings even in
minute concentration [13,14]. The harmful effects of these
PTE are headache, abdominal pain, vomiting, irritability,
hypertension, nausea, kidney, liver and intellectual prob-
lems, mental retardation, anemia, nerve damages and
problem, heart problem, teratogenesis and carcinogenesis
[15].

Human exposures to PTE mainly occur through the oral
ingestion of contaminated water [1,16] and food [17]. Deter-
mined PTE concentrations in drinking water were used to
calculate potential health risk assessment including expo-
sure risk through average daily dose (ADD) and hazard
quotient (HQ).

Regular monitoring of water quality offer supportive
information of an area health [18]. Therefore, water quality
were regularly focused by various studies from both devel-
oping and developed countries, e.g. Bangladesh [19], and
United States of America [20]. The problem of water con-
tamination is more severe in developing countries due to
high population growth rate and low investment on treat-
ment facility. Like other developing countries in neighbor,
Pakistan is also facing serious water problem in mega cities
[21,22]. For this purposes, the quality and associated health
risk [23-28], and pattern [29] of water in Rawalpindi Dis-
trict has been focused by environmental studies. However,
these studies had limitations of samples and source either
groundwater or surface water in the study area. Ground-
water quality showed significant variation with depth [16].
Therefore, this study was aimed to present a complete and
detail picture of quality investigation of surface water,
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Fig. 1. Sampling location map of the study area.
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groundwater variation with depth and wastewater. Fur-
thermore, the PTE concentrations through drinking water
(groundwater) consumption were evaluated for the poten-
tial risk assessment and surface water (River Soan) for the
sodium adsorption ratio to highlight its significance for irri-
gation utilization.

2. Materials and methods
2.1. Study area

The study area is comprised in the Rawalpindi District,
located in between 33°32'30"-33°34'30" N latitudes and
73°5'30"-73°10'30" E longitudes (Fig. 1). River Soan is one
the most important River that originates from small village
Bun in the foothills of Patriata, Murree. River Soan feed to
Simblee Dam (drinking water reservoir of Islamabad) and
drain much of Pothohar region. River Soan joined by the
Ling stream and Nala Lai near Sihala and Swaan camp,
respectively. River Soan is almost 250 km long and joins the
Indus River near Kalabagh. River Soan and tributaries feed
to local groundwater aquifers and used for irrigation in
the Pothohar region. The study area has four seasons with
lowest (-3.9°C) winter temperature in January and highest
(46.1°C) summer temperature in June with average mon-
soon rainfall of 790.8 mm.

2.2. Water sampling

Drinking water (1 = 30), River Soan (1 = 27), wastewater
(n = 21) samples having 3-5 replicate were collected from
each selected site in April 2016 (Fig. 1). The main and typi-
cal drinking water sources; bore well, hand pump and tube
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well were allowed to flow for 5 min before sample collec-
tion. Hand pump water occur at depth 2545 ft, bore well
90-130 ft and tube well 375-600 ft. River Soan water sam-
ples were collected at one feet depth and two feet distance
from banks facing opposite to flow direction. Wastewater
samples were collected from the effluent stream along each
industry.

Basic parameters, including pH, total dissolved salts
(TDS) and electrical conductivity (EC) measured on-site
using the CONSORT C6030 instrument. During sampling,
water (1 L each) was collected in two cleaned transparent
low-density polyethylene (LDPE) bottles, pre-washed with
10% nitric acid (HNO,) and deionized (DI). Water in one of
two collected bottles from each sampling point was acidified
with HNO, for preservation. Acidification of sample will
reduce microbial activity, precipitation and sorption of PTE
to container walls. Each sample was properly marked and
transported to the laboratory and stored in dark at below 4°C.

2.3. Chemical analyses, precision and accuracy

Next day, the total suspended solids (TSS) was mea-
sured in non-acidified water samples using the filtration
and drying method of Whatman filter paper # 42, while
the sulfate, chloride (CI) by the titration methods [30,31].
Filtered and acidified water was used for determination
of calcium (Ca), magnesium (Mg), potassium (K), sodium
(Na), and PTE including Zn, Mn, Ni, Cu, Cr, Fe and Cd by
atomic absorption spectrophotometer (AAS, Perkin Elmer,
AAS-PEA-700). Each parameter was measured in triplicate
under standard optimum conditions of AAS and having r >
0.999 (Supplementary information, SI Table 1). For quality
assurance of data, analytical grade reagents and the glass-
ware and new plastic wares were washed with 10% HNO,
and DI water. The atomic absorption spectrometer results
were confirmed with standards of known concentrations
of each element with interval of every 10 samples. Results
reproducibility and recoveries were observed at 98 + 10 and
95 + 8 confidence level, respectively. For result interpreta-
tion, the mean values were used.

2.4. Sodium adsorption ratio (SAR)

Sodium adsorption ratio (SAR) is one of the most
important parameters for determination of irrigation water
quality. The values of SAR were calculated using the equa-
tion adopted from the [32]:

Na
Ca+ Mg 1
2

SAR =

2.5. Health risk assessment

Water sources, including hand pump, bore well and
tube well are used for drinking and other domestic pur-
poses. Primary health information such as age, gender,
literacy rate, income level, water consumption, source and
storage was collected during the field. Health information
such water consumption and body weight together with
PTE contamination was used for health risk assessment.

2.6. Average daily intake (ADI) index

For PTE exposure, the oral intakes through consump-
tion of contaminated drinking water and food are the major
pathway as compared to dermal contact and inhalation and
can account for more than 90% of human exposure. The
ADI value for water consumption was calculated according
to the adapted equation [33]:

cpr=cx2L @)
BW

where C, DI and BW represent the concentration of PTE
through water consumption (mg/L), average daily water
consumption rate (2 L/day) and body weight of individual
(72 kg), respectively [21].

2.7. Hazard quotient (HQ) index

Non-carcinogenic risk (HQ) values for through water
consumption were calculated from following adopted
equation [33]:

CDI

HQ RD ©)
where, according to USEPA database, the oral toxicity ref-
erence dose values (RfD) are Cd (5.0E-04 mg/kg-d), Cr
(1.5 mg/kg-d), Cu (3.7E-02 mg/kg-d), Mn (1.4E-01 mg/
kg-d), Ni (2.0E-02 mg/kg-d), Pb (3.6E-02 mg/kg-d) and
Zn (3.0E-01 mg/kg-d) [33]. The exposed population is
assumed to be safe when HQ < 1 [21].

2.8. Statistical analysis

Software such as Sigma plot 12.5 used for the arithmetic
mean, standard deviation, range and data graphical pre-
sentation, statistical analyses such as one-way ANOVA and
correlation using SPSS 25 (SPSS Inc., Chi-cago, IL, USA).

3. Results and discussion
3.1. Water quality characteristics

Drinking water showed the highest values for EC fol-
lowed by TDS and TSS in basic parameters, Cl and Ca in
anions and cations, while the lowest for K (Fig. 2a). Among
PTE, the highest (2.83 mg/L) concentration was observed
for Zn followed by Cu in hand pump water and the lowest
(0.02mg/L) for Cd in tube well water (Fig. 2b). Hand pump
water showed the highest concentrations of water quality
characteristics. Higher concentrations of these parameters
and PTE in hand pump water could be attributed to higher
levels of contaminants in wastewater discharged into River
Soan water in the study area. Hand pumps water stay close
to surface with shallow depth; therefore, the percolation/
leaching resulted in enrichment of contamination in water
sources. Higher contamination in shallow water (hand
pump) of the study was in support of previous study on
drinking water in Sadkal, Fateh Jang, Pakistan by Khan et
al. [16]. Water quality characteristics including EC, TDS,
Ca, Zn and Cu in hand pump only and PTE in all drinking
water sources surpassed the national environmental quality
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Fig. 3. Physicochemical parameters and potentially toxic elements in River Soan along the study area, reference means background
water i.e. before mixing of contaminants in the area, AMIW after mixing of industrial wastewaters, AMKR after mixing of Korang
River and AMNL after mixing of Nala Lai stream, *mean unit less and **uS/cm.

standards (NEQs) set by the Pakistan Environmental pro-
tection agency (Pak EPA). The water quality characteristics
were observed higher than previously reported studies on
River Soan and surrounding as reported in Table 1.

In the study area, majority of PTE surpassed their
respective NEQs values. Various studies demonstrated
that higher concentrations of PTE could induce the chronic
and acute toxicity. Toxic effects include vomiting, irritation,
abdominal pain, dehydration, drowsiness, lethargy, electro-
lytic imbalance, nausea, damage to capillaries, lack of mus-
cular coordination, shock and coma, renal failure, inhibition
of the synthesis of hemoglobin, joints, reproductive systems,
cardiovascular system, skin allergies and lung fibrosis,
which further cause lung cancer [21,34-37]. Various studies
observed that majority of PTE were ingested through con-
sumption of contaminated food and water [17,38].

River Soan water showed the highest (1366 nS/cm) values
of EC followed by TDS and TSS for basic parameters, Cl and
Ca for anions and cations, while the lowest for Mg (Fig. 3a).
Water quality characteristics of River Soan were the lowest for

the upstream reference point and highest after mixing with
industrial effluents. This increase trend was due to the mix-
ing of highly enriched contaminants” waste waters. Then the
water showed a decreasing pattern for physiochemical param-
eters and PTE with downstream (3ab). One reason for decrease
of physiochemical parameters and PTE was mixing of River
Korang and Nala Lai. Another possible reason that PTE could
be deposited or accumulated on riverbed sediments along
with water flows. All selected physiochemical parameters of
the study area were observed within the NEQs of water set by
the Pak EPA; however, PTE except Zn and Fe surpassed their
respective limits. Higher contamination levels in River Soan
could be attributed to local industrial and domestic wastewa-
ter without pre-treatment discharge. These higher contamina-
tions in water could induce various toxicological effects on the
aquatic ecosystem [39,40]. River Soan showed higher levels
of contamination for the majority of PTE than groundwater
of the study area. Higher contaminations of surface water as
compared to groundwater were consistent with the result of
Gul et al. [41] for surface and sub-surface water.
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Table 2
Health risk assessment through drinking water (groundwater) consumption in the study area

PTE Hand pump (n = 8) Bore well (n = 10) Tube well (n = 12)

ADD? HQ® ADD HQ ADD HQ
Zn 0.079 + 0.010 0.26 + 0.03 0.052 + 0.013 0.17 + 0.04 0.043 + 0.012 0.14 + 0.04
Cr 0.027 + <0.001 0.02 + <0.01 0.005 + 0.002 0.01 + <0.01 <0.01 + <0.01 <0.01 + <0.01
Cu 0.062 + 0.018 0.17 + 0.05 0.033 + 0.008 0.09 = 0.02 0.022 + 0.003 0.06 = 0.01
Pb 0.002 + <0.001 0.06 + 0.01 0.002 + <0.001 0.06 = 0.01 0.002 + <0.001 0.05 = 0.01
Ni 0.005 + 0.003 0.27 £ 0.13 0.003 + 0.001 0.15 + 0.06 0.002 + <0.001 0.09 = 0.01
Mn 0.025 + 0.001 0.18 £ 0.01 0.019 = 0.001 0.13 £0.01 0.017 + 0.003 0.12 £ 0.02
Fe 0.026 + 0.001 0.021 + 0.007 0.009 + 0.004
Cd 0.006 + 0.002 11.7 + 3.82 0.004 + 0.002 8.06 + 3.06 0.001 + <0.001 1.39 +0.28

?Average daily intake (mg/kg-d)

"Hazard quotient

The concentrations of physiochemical parameters” and
PTE of waste waters summarized (Fig. 4ab). Selected phys-
iochemical parameters’ values were observed within the
NEQs set by the Pak EPA, except that of pH and TSS val-
ues (Fig. 4a). These higher values of pH and TSS may attri-
bute to paper and marble industries. Effluents of paper and
marble industries showed brown and milky white colors,
respectively. This high suspended load and enriched car-
bonates of effluents resulted in higher TSS and pH. Among
PTE, Zn showed the highest (5.69 mg/L) concentrations
and lowest (0.01 mg/L) for Cd, while rest in between these
two extremes (Fig. 4b). The majority of PTE concentra-
tions, including Zn, Cr, Cu, Pb, Ni, Mn and Cd in waste
waters surpassed the NEQs of waste waters set by the Pak
EPA. Results revealed that concentrations of physiochem-
ical parameters and PTE in waste waters collected from
the effluents of paper, and pharmaceutical industries were
multi fold higher than that of food industries.

3.2. Sodium adsorption ratio

River Soan water is commonly used for irrigation in
Rawalpindi and adjacent area along riverbanks. Therefore,

the SAR was calculated for the River Soan water from the
concentrations of Na, Ca and Mg. The SAR values of the
study were observed within the maximum recommended
of irrigation water quality guidelines set by [42], except
AMIW site. The quality of irrigation water with high level
of Na concentrations are of great concern due to its effects
on the soil. The Na could be adsorbed and attached to soil
particles making it hard, compact, that resist to watering
penetration. Other elements, including Ca and Mg counters
the effects of Na. River Soan water in terms of SAR along
the downstream making it is suitable for irrigation of agri-
culture fields [43].

3.3. Risk assessment

Oral ingestion of the PTE through contaminated drink-
ing water consumption is the major (90%) pathway of
human exposure. High concentrations of PTE in the drink-
ing water led to their higher intake. The highest (0.079 mg/
kg-d) consumption of Zn occurred in hand pump drinking
water and the lowest for Cr and Cd (<0.001 mg/kg-d) in
the tube well water (Table 2). General tends among drink-
ing water sources; the highest PTE consumption occurred
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Table 3
One-way ANOVA comparison of water characteristics in the study area

Parameters Sum of Squares Degree of freedom  Mean Square Factor Significance

pH Between groups 118 4 0.30 0.32 0.86
Within groups 14.4 16 0.90
Total 15.6 20

EC Between groups 1.46 4 0.36 0.33 0.86
Within groups 17.7 16 111
Total 19.2 20

TSS Between groups 169461 4 42365 0.31 0.87
Within groups 220372 16 137733
Total 2373181 20

TDS Between groups 671947 4 167987 0.32 0.86
Within groups 8429520 16 526845
Total 9101467 20

S04 Between groups 51825 4 12956 0.74 0.58
Within groups 282153 16 17635
Total 333978 20

Cl Between groups 30230 4 7557 8.16 0.00
Within groups 14811 16 926
Total 45041 20

Na Between groups 86785 4 21696 0.80 0.54
Within groups 432014 16 27001
Total 518798 20

K Between groups 301 4 75.2 1.50 0.25
Within groups 801 16 50.0
Total 1102 20

Ca Between groups 67131 4 16783 0.89 0.49
Within groups 302933 16 18933
Total 370064 20

Mg Between groups 10.2 4 2.54 3.90 0.02
Within groups 10.4 16 0.65
Total 20.6 20

Zn Between groups 22.1 4 5.52 9.55 0.00
Within groups 9.25 16 0.58
Total 31.3 20

Cr Between groups 747 4 1.87 11.84 0.00
Within groups 2.52 16 0.16
Total 9.99 20

Cu Between groups 3.59 4 0.89 1.56 0.23
Within groups 9.18 16 0.57
Total 12.8 20

Pb Between groups 11.5 4 2.86 44.20 0.00
Within groups 1.04 16 0.07
Total 12.5 20

Ni Between groups 2.57 4 0.64 3.85 0.02
Within groups 2.68 16 0.17
Total 5.25 20

Mn Between groups 891 4 2.23 793 0.00
Within groups 4.49 16 0.28
Total 134 20

Fe Between groups 26.8 4 6.69 10.58 0.00
Within groups 10.1 16 0.63
Total 369 20

Cd Between groups 6.95 4 1.74 10.17 0.00
Within groups 2.73 16 0.17
Total 9.68 20

The mean difference is significant at a level of 0.05; Bold values are significant.
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through hand pump and the lowest through the tube well.
Higher intake of PTE occurred through hand pump water
were attributed to their higher contamination levels.

Hazard quotient values were the highest (11.667) in
hand pump water for Cd and the lowest for Cr (0.001) in
tube well water. Higher HQ values for Cd were attributing
to its higher toxicity and low RfD values. Chronic risks of
PTE were dependent on the toxicity, RfD values and con-
sumption rate [17]. Higher intake of PTE in hand pump
water resulted in their higher chronic risk (HQ) values.
Results of higher risk of PTE consumption through shallow
drinking water were consistent and in support of previous
study [41] on drinking water in Mardan, Pakistan.

The oral intake of PTE through contaminated drinking
water consumption can account as a major human expo-
sure pathway [16]. In the field survey, we observed respon-
dent with various health problems, including headache,
vomiting, diarrhea, dehydration, abdominal pain, fatigue,
sleeping disorder, depression, hypotension, hypertension,
nausea, hepatitis-A, B, C, kidney, liver and heart problems,
and cancer. It has been reported by the PCRWR that drink-
ing contaminated water, and poor sanitation could attribute
to 80% of human health diseases and occupies 50% of hos-
pital beds [44]. Therefore, drinking water quality monitor-
ing needs special attention for treatment to provide safe
water in the study area.

3.4. Statistical analyses

Statistical comparison of water quality characteristics
such as Cl, Mg, Zn, Cr, Pb, Ni, Fe, Mn and Cd in various
water sources within the study area showed significant
variation (p < 0.05) which revealed the sources of contami-
nation greatly varied to the mean pollution level (Table 3).
The wastewater may be contributing to high contamina-
tion levels in the area and resultantly in contamination of
River Soan and shallow groundwater (hand pump). Pear-
son correlation of water quality characteristics was pre-
sented in Table 4. Results showed that many of the water
quality characteristics had observed with strong significant
correlations. Significant correlations of water quality char-
acteristics include pairs of pH with TSS, SO,, Na and Ca,
Pb with Ni, Mn, Fe and Cd. Strong correlation of pH with
TSS and Ca linked with marble industry. Results showed
that natural geochemical associated of most water quality
characteristics were disrupted. Therefore, the enrichment of
contamination resulted from wastewater of industries and
domestic in the study area.

4. Conclusions

This study concluded that industrial waste waters are
highly contaminated with certain physiochemical parame-
ters and PTE. Results revealed that physiochemical parame-
ters such as pH, TSS, and all selected PTE had surpassed the
NEQS set by Pak EPA for wastewater discharge. Wastewa-
ter discharge led to the contamination of River Soan. Waste
waters and River Soan waters cause leaching or percolation
of PTE to groundwater and lead to contamination. The hand
pumps are shallow and receive higher levels of contamina-
tion as compared to bore well and tube well. Higher con-

tamination levels of hand pump led to higher intake of PTE
and resulted in higher potential health risk. Among PTE, the
highest HQ values were observed for the Cd through hand
pump drinking water consumption that had surpassed the
threshold limit. Therefore, this study strongly recommends
stopping the use of hand pump water for drinking and
other domestic purposes and suggests water treatment of
other drinking water sources for PTE.
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Supplementary information

Table SI

Instrumental analytical condition for PTE analyses
Metal  Air (L/min) Acetylene Slit width Wavelength Slit width Lamp current Limit of detection

(L/min) (nm) (nm) (nm) (Ma) (mg/L)

K 17.0 2.0 0.7 766.5 0.7 12 0.030
Na 17.0 2.0 0.2 589.0 0.2 8 0.003
Ca 17.0 2.0 0.7 4227 0.7 10 0.075
Mg 17.0 2.0 0.7 285.2 0.7 6 0.015
Mn 17.0 2.0 0.2 279.5 0.2 20 0.002
Fe 17.0 2.3 0.2 288.3 0.2 30 0.008
Cd 17.0 2.0 0.7 228.8 0.7 4 0.001
Pb 17.0 2.0 0.7 283.3 0.7 30 0.015
Zn 17.0 2.0 0.7 213.9 0.7 15 0.002
Cr 17.0 2.5 0.7 3579 0.7 25 0.003
Ni 17.0 2.0 0.2 232.0 0.2 25 0.006
Co 17.0 2.0 0.2 240.7 0.2 30 0.009

Cu 17.0 2.0 0.7 324.8 0.7 15 0.002




