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Abstract

This study aimed to investigate the contamination of drinking water sources with potentially toxic metals (PTMs) together with
some hydrochemical characteristics in the highly populated industrial zone of Pakistan. For this purpose, drinking (n =40) and
surface (n = 20) water samples were collected and analyzed for PTM using graphite furnace atomic absorption spectrophotometer
(GFAAS, PerkinElmer-700, USA). The metals, including cadmium (Cd), chromium (Cr), nickel (Ni), lead (Pb), and zinc (Zn),
showed significantly (p = 0.05) higher concentrations than their respective limits set by the World Health Organization (WHO
2011) in drinking water. The chronic daily intake (CDI) and human hazard quotient (HQ) were also evaluated. The highest daily
intake through drinking water consumption was found for Ni (4.3 pg/kg/day), while lowest for Cd (0.25 ng/kg/day). The highest
hazard quotient values were found for Cd (0.33) and Ni (0.29) that could be attributed to industrial wastewater discharge. Higher
CDI and HQ values of Ni and Cd may cause chronic human health problems. According to the Chadha Piper diagram, the
hydrochemical facies distribution indicated that water trend in the study area followed an order such as follows: Ca—Mg—Cl <
Na—Cl < Ca-HCO; < Na—HCO3. Statistical analysis using one-way ANOVA, correlation analysis, and principal component
analysis (PCA) revealed that the elevated levels of PTM were attributed to industrial wastewater discharge. This study provides
baseline information for policy makers and the effective management of water in populated industrialized zone.

Keywords Hydrochemistry - Chadha - Gibbs diagram - Human health risk - Statistical and geospatial analysis

Introduction

Safe drinking water is an absolute necessary factor for acquir-
ing sustainable development of a society, as quality water is a
high requirement for the human health and other living beings
(Jehan et al. 2019; Rashid et al. 2019b). Water quality depends
on the composition of recharging capacity, climate, oxidation
reduction reactions, ion-exchange, lithology, reactivity of
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bedrock, and aquifer formation, in which potentially toxic
metal (PTM) transport can be characterized by complex mech-
anism (Ghezzi et al. 2018; Singh et al. 2017). The assessment
of hydrochemical features can enhance our understanding be-
tween water and environment which provides useful informa-
tion regarding the utilization and management of groundwater
resources. It has an important diagnostic chemical aspect of
groundwater in the hydrological system and gives information
on how the different elemental fluxes are exchanged through
the aquatic and terrestrial ecosystem. Various studies worked
on hydrochemical features and groundwater contamination
resulted from anthropogenic intervention, such as industrial
and agricultural activities (Avci et al. 2018; Raju et al. 2011;
Roy et al. 2018). PTMs, such as lead (Pb), nickel (Ni), cad-
mium (Cd), zinc (Zn), and chromium (Cr), once enter in the
ecosystem, concealed for years, rendering groundwater and
posed deleterious health effects (Ahmed et al. 2019;
Nedelescu et al. 2017), particularly in sensitive groups (chil-
dren, pregnant women, and aged people) (Hough et al. 2004).
These elements accumulate in the adipose tissues of humans
(Bhuiyan et al. 2010) that badly affect the body systems, like
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the nervous, circulatory, and immune systems. Pb is a poten-
tial carcinogenic toxic metal which produces disorders, such
as kidney dysfunctions, headache, nerve damages, and ab-
dominal pain. Ni affects the pulmonary system and causes
significant dermal problems (skin allergies) in human beings.
Cd damages the skeletal system and causes mental and growth
retardation among children in chronic exposure. Similarly, Cr
and Zn in high concentrations induce potential health prob-
lems to plants and human health. Cr negatively affects the
immune system, whereas Zn causes dermal and liver prob-
lems. Human life is greatly affected by the discharge of
PTMs in the water environment; therefore, due to their devas-
tating effects on human and ecological health, there was a
focus on PTMs (Ali et al. 2019; Arain et al. 2014). PTM
contamination in water is of global concern due to their haz-
ardous, non-biodegradable, and persistent nature (El-Naggar
etal. 2018; Ullah et al. 2019). Estimation of human health risk
associated with PTM has been highlighted by many studies
(Jones et al. 2019; Magesh et al. 2017).

Water quality has been threatened by anthropogenic and
geogenic sources. Anthropogenic factors like rapid growth
of industrialization, urbanization, and unwise agricultural
practices are constant source of contamination that affect
groundwater quality (He et al. 2019; Rashid et al. 2019a).
Water contamination has been triggered by urban popula-
tion, excessive industrial growth, domestic effluents, and
unwise agrochemical practices during the last decades
(Jadoon et al. 2019; Yetis et al. 2019). Globally, drinking
water quality deterioration is a growing problem; however,
the situation is worse in developing countries (Pakistan,
India, Bangladesh, and Africa) due to lack of professional
expertise, management system, and financial resources
(Khan et al. 2019). Pakistan is a developing country and
stands 80th among the list of 122 countries for potable
drinking water quality (Ahmed et al. 2015). Studies re-
vealed that about 70% of the water resources of the country
have been affected by organic, inorganic, and microbial
contamination (Malik et al. 2009). Assessment of surface
and groundwater is useful to trace the degree of contami-
nation and its quality (Liao et al. 2018; Saha et al. 2017).
The use of different multivariate and univariate statistical
techniques, indices, and health risk assessment in different
water bodies has been reported earlier in different studies
for analyzing huge and complex data matrices into simple
dataset (Ishtiaq et al. 2018; Mahfooz et al. 2019; Rehman
et al. 2018). Therefore, the objectives of the present study
were the following: (1) to evaluate the physicochemical
parameters in surface and groundwater along the industrial
zone; (2) to conduct non-carcinogenic health risk through
CDI and HQ; (3) to confirm the hydrogeochemical features
and variation trends of water; and (4) to identify sources of
PTM contamination using correlation analysis (CA) and
principal component analysis (PCA).
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Materials and methods
Profile of the study area

The Hattar Industrial Estate (HIE) is located in Haripur dis-
trict, Khyber Pakhtunkhwa (KPK) province, Pakistan at
33°51'71 N and 72°51'8 E (Fig. 1). The study covers an area
of 1063 acres, with an average altitude of 1739 ft above sea
level. HIE was approved by the KPK government in 1965
(Rehman et al. 2008; Sial et al. 2006) having a large number
of heavy electrical plants, iron and steel industry, food pro-
cessing and chemical units, leather industry, pharmaceutical
companies, and paper-manufacturing industries. The indus-
tries discharge and dump their wastewater and solid wastes
into surrounding areas which finds their ways to nearby
streams and natural hydrological system eventually collected
in River Haro near Hassan Abdal and Wah cantonment areas,
and this results in contamination of surrounding surface and
groundwater (Salariya et al. 2003). According to a report pub-
lished by the population census organization (PCO), 30%
(tube well) of the population of Haripur district has tap water
facility and the rest of the 70% generally use bore wells and
dug wells for drinking purposes.

Geology and hydrogeology

The regional geology of the study area consists of different
formations (Fig. 2), such as Quaternary (Q), Eocene (Eo),
Mesozoic Sedimentary Rocks (Mss), Triassic (Tr), Permian
(Pr), Cambrian—Ordovician (Swg), Cambrian (Cb),
Paleozoic (Pz), and Peterozoic (Pt). These geological forma-
tions mostly consist of calcareous and carbonaceous phyllite,
schist slate, argillite, and argillaceous meta-siltstone in the Pt
settings. Mss and Pz strata are exposed to the early Cb age of
Ambar formation (Nisar et al. 2018). Quaternary are com-
posed of unconsolidated conglomerate, sandstone, siltstone,
and loess. Eocene includes Jatta gypsum, Marine deposits,
sandstone, and thin limestone. The Mss are mainly dolomite,
sandstone, and shale. The Swg are megacrystic granite and
augen gneiss, including porphyritic peraluminous granite
and cordierite granite. Cb are Cambrian quartzite and schist
the assemblage includes quartz, muscovite, K-feldspar, and
kyanite. Pt are meta-classic and meta-carbonate sedimentary
rocks (Salkhala Group, Hazar slate, Gandaf, Manki, and
Sobrah formations) (Searle and Khan, 1996). The geological
settings mainly control the release of PTM into the surround-
ing aquifers. The present research area lies in the Haripur
basin that mostly consists of both alluvial and fluvial plains.
Hazara slate acts as basement rocks for overlying alluvial and
fluvial deposits. Haro rivers along with Nathiagali and Punjal
thrusts are the main deposition agents that serve as a potential
source of sediments in this area (Nisar et al. 2018).
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Fig. 1 Map showing locations of the water samples in the district of Haripur, Khyber Pakhtunkhwa

Water sampling and analyses

Water samples (n = 60) were collected in two sets of clean
and disposable polythene bottles from groundwater (dug
wells, bore wells, tube wells) and surface water in August,
2016 (Fig. 1), following the standard procedures (Shah
et al. 2012). One set of the bottles was acidified with a
few drops of nitric acid (HNO;, 65% purity) for keeping
PTM in dissolved form and inhibit their adsorption in the
plastic. Before water sampling, a handheld GPS (HC
Garmin) was used for the coordinate’s determination at
each individual sampling point. Well samples were
allowed to pump for 5 min to wash out the stagnant water
and to get fresh water. Rubber bucket was used to collect
water from dug well at 15-22 ft depth from the surface.
The pH, electrical conductivity (EC), and total dissolved
solids (TDS) were measured in situ using multi-water
quality analyzer (C 6030). After sampling collection, all
water samples were transported to the National Centre of
Excellence in Geology (NCEG), University of Peshawar,
and kept at 4 °C before further analyses.

Standard procedures were followed for the determination
of physicochemical parameters in the water samples (APHA

2005). Prior to the analyses, all the water samples were filtered
through Whatman No. 42 pm filter paper. The non-acidified
samples were used for determination of anions, such as ClI,
which were calculated via standard titration method, and NO3
and SO,4, which were measured by UV—-visible spectropho-
tometer (DR 2800, HACH Company, USA) (APHA 2005).
The acid-treated water samples were analyzed for cations, i.e.,
calcium (Ca), magnesium (Mg), sodium (Na), and potassium
(K), and PTM, such as iron (Fe), Ni, Cr, Co, Zn, Pb, and Cd,
using Analyst 700 Atomic Absorption Spectrometer (Analyst
Model 700 PerkinElmer, USA), having an air-acetylene
flame. The limit of detection (LOD) was 1 pg/L for Cd, Ni,
Pb, and Zn and 0.1 for Ca, K, Mg, and Na (Liao et al. 2018).

Reagents and standards

The purified analytical-grade (AR) chemicals were used in
this research study. Double de-ionized and ultrapure water
was used for the preparation of reagents and standards. The
metal standard solutions were obtained from E. Merck
(Germany) and used for the laboratory analysis. All the sam-
ples were run in triplicate.
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Fig. 2 Map showing the general geological properties and different formations in the district of Haripur

Control of analytical procedure

Standard operating procedure and gravimetric analysis
for each instrument have been adopted during the entire
study. The atomic absorption spectrophotometer (AAS)
was calibrated with standard solutions through the dilu-
tion (1000 mg/L) of the certified reference solution
(Merck) of corresponding metal with deionized water,
and working standards were analyzed after every 10
samples to check their precision and accuracy. A blank
sample has been run for each parameter, and necessary
corrections have been made to achieve accurate and pre-
cise results. All the containers and glassware used in the
fields and laboratory were washed with washing deter-
gent, rinsed with distilled water, and soaked in 10% con-
centrated HNO;. Percentage recoveries for the studied
metals ranged from 92% (+5).
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Human health risk assessment

The PTM enters to human body through ingestion, dermal
(skin contact), and inhalation absorption, but the oral intake
is the more critical one (ATDSR 1995). In the present study,
risk assessment for PTM was made on the basis of chronic
daily intake (CDI) and hazard quotient (HQ) through drinking
groundwater only. CDI was calculated by the modified equa-
tion from USEPA (2011).

Where, C, DI, and BW represent the mean concentration of
PTM in drinking water (ng/L), average daily intake rate (2 L/
day for adult and 1 L/day for child), and body weight (72 kg
for adult and 32 kg for child), respectively (Mahfooz et al.
2019). HQ was calculated by the following formula:
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HQ = CDIptm/RfD (2)

The RfD (reference dose) is the daily exposure of a human
population to a contaminant that affects life after ingestion
during a lifetime. RfD values for Cd, Cr, Ni, Pb, and Zn were
5.0x107%, 1.5, 2.0x107% 3.6 x107 %, and 3.0 x
107" mg/kg day, respectively (Dearfield and Moore 2005;
USEPA 2000). The exposed population is assumed to be safe
when HQ < 1, whereas HQ > 1 denotes a possibility of ad-
verse health effects (Tepanosyan et al. 2017).

Statistical analysis

Descriptive statistics were conducted using Microsoft Excel
2013 and statistical package for social sciences ver. 20 (SPSS
Inc., Chicago, IL, USA). The significance was defined at
p < 0.05 using one-way analysis of variance (one-way
ANOVA) (Aamir et al. 2016). Sigma plot (ver. 12.5, 2016
Systat Software, Inc.) was used for graphical representation.
Chadha diagram and Gibbs plot were used to identify the
hydrochemical feature of surface and groundwater of the area
using XLSTAT software (2014 version). Geographic
Information System (GIS version 10.2.2) was used to make
study area and geospatial maps.

Results and discussion
Physicochemical characteristics

Statistical summary of physicochemical characteristics of
surface and groundwater (bore wells, dug wells, tube
wells) is summarized in Table 1. The mean value of pH
was 7.2 and 6.9 in surface and groundwater, respectively.
The pH was mostly acidic in groundwater, and about 64%
of the samples were of acidic in nature which suggests
that it has the ability to dissolve minerals and potential
toxic metals which are injurious to the health in the long
run (Rasool et al. 2016). The mean values of EC in sur-
face and groundwater water were 644 and 872 uS/cm,
respectively. Similarly, the TDS concentrations were
found to be 315 and 366 mg/L in surface and groundwa-
ter, respectively. The presence of EC and TDS in water
indicated the dissolution of ions which may be due to the
gradual deposition of salts and minerals over time
(Chabukdhara et al. 2017). The high mean value of EC
in surface water may also be attributed to contamination
with wastewater from both industrial and residential areas.
TDS more than 500 mg/L in water causes uncontrolled
physiological reactions affecting gastrointestinal functions
and neurological setup (Shankar et al. 2008). Mean pH,

Table 1T  Ranges of analytical data of the ground and surface water in the district of Haripur, Khyber Pakhtunkhwa
Parameters WHO Groundwater Surface
Units Bore wells (n=22) Dug wells (n=12) Tube wells (n =6) Surface water (n =20)
Range Mean +SD Range Mean +SD Range Mean +SD Range Mean + SD
pH 6.5-8.5 6.60-74 6.5+ 032 6.0-730  6.85+0.07 6.60-7.00 6.90 +0.10 6.40-8.0 726 £0.5
EC (uS cm ™) 1400 4902288 738 £77.8  541-1545 825 +84.8  491-619 566 +27.6 244-2288 644 + 365
TDS (mg L") 1000 242-1121 365 £38.5  245-741 401 £47.2  241-297 278 £13.2 122-1121 315+ 179
HCO; (mg L™") 200 250-500 349 £ 66.2  320-475 378 £51.2  330-550 392 £ 894 270-650 404 £ 117
ClmgL™h 250 75.0-145 106 + 18.4 75-140 112 £ 18.7 100-185 123 £32.1 75.0-195 124 £31.3
SO, (mg L™ 500 110-200 155 +26.6 135-210 166 + 252 150-220 175 £ 26.45 110-250 169 +39.9
NO; (mg L™ 50 14.0-45 31.0+ 89 21.0-33 27.0 +4.00 14.0-35 253 +£8.16 7.0-48.0 262+ 11
Na (mg L™ 200 55.0-290 107 £ 1.0 44-290 128 + 82.1 46-119 81.3 £30.3 20-231 92.6 £ 70
K (mgL™ 12 0.12-10 30+20 0.29-18 40+488 1.57-57 3.87 £ 1.90 0.13-21 7.0 £6.12
Ca(mgL™) 100 34.0-199 80 +19.0 44-114 762 £21.1  35.9-78 573 +£233 77-157 108 + 23
Mg (mg L™ 50 8.0-64.0 320+180 17.6-39 303 +£6.68 15.3-54 26.3 + 18.5 20-65 338 £ 10
Zn (ug LY 3000 1.0-188 45.0 £ 11.0 5.0-63 245+ 627  35.0-380 143 £ 92.0 2.0-700 124 + 46
Ni(ug L7 20 26.0-270 142 £ 13.0 12-226 130 £23.3  62.0-259 182 +48.7 14.0-342 192 +21
Co (ug L™ 40 12.0-168 55.0 £ 8.0 8.0-158 450+ 128  36.0-135 47 £26.0 19.0-148 73+£9.5
Fe (mg L") 0.3 2.0-2301 162 + 103 3.0-342 56.7£29.3  45.0-226 100 + 494 52-1807 451 =106
Cr(ug L™ 20 2.0-141 47.0 £9.0 11.0-66 371 £6.71  11.0-77.0  40.8 + 15.7 20.0-434 95.0 £ 23.3
Pb(ug LY 10 4.55-25 140+12 42-173 13.1 £ 1.14 2.0-145 6.19+3.25 3.1-18.5 15+13
Cd(ug L™ 3 0.60-13 8.0+0.8 0.57-43 6.0+332 0.38-6.0 20+1.54 0.23-20.0 11.0£13
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EC, and TDS values were observed according to the
guideline values set by WHO (2011) both in surface and
groundwater. Mean concentrations of anions like Cl,
HCO;3;, SO4, and NO; were found lower than the
recommended guideline values suggested by WHO
(2011) in surface and groundwater. HCO3 was found as
one of the major anions in majority of the water samples.
High concentration of SO, is associated with respiratory
problems and NO; can cause gastric cancer, goiter, met-
hemoglobinemia, hypertension, and birth malformation
(Chandrasekaran et al. 2015). Among the cations, the

average concentrations of Ca, Mg, Na, and K were
found within the recommended guideline values set by
WHO (2011) in groundwater and surface water (Table 1).

The average concentrations (pg/L) in surface water were as
follows: Ni 190, Zn 120, Co 74, Cr 73.,Pb 11, and Cd 5.0, and
in groundwater, Ni (140.80) > Zn (76.44)>Co (51.12)>Cr
(48.35)>Pb (14.31) > Cd (8.49) (Table 1). The PTM concen-
trations in each sampling point were summarized in Fig. 3. In
both surface and groundwater, the highest concentrations were
observed for Ni that surpassed the WHO drinking water
guidelines (20 pg/L) for 90% of the water samples. Ni is a
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Fig. 3 Spatial distribution maps of the PTMs (ug/L) in water samples of the study area
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potential carcinogenic metal for lungs, affects the pulmonary
system, and causes significant dermal problems (skin aller-
gies) in human beings. The relative high level of Ni could be
associated to the collective impact of a number of industries
(e.g., textile, dying, leather, electroplating, printing, and vari-
ous chemical and metallurgical industries), besides industrial
input agricultural practices and Zn-based pesticides in fields
that contribute to the surrounding groundwater contamination
(Alves et al. 2014). The mean concentrations of Pb
(11.01 pg/L) and Cd (4.96 ng/L) were observed higher in
60% and 50% of samples than the WHO (2011) guideline
values of 10 and 3 pg/L, respectively. Pb is a highly carcino-
genic metal and may pose several health disorders, such as
kidney dysfunctions, headache, nerve damages, abdominal
and pain, and cause mental and growth retardation among
children in chronic exposure. Similarly, the mean concentra-
tion of Cd in surface and groundwater was higher than the
recommended WHO guideline value of 3 pg/L. The accumu-
lation of Cd in liver and kidneys can cause many pathological
problems, including skeletal damages, diabetes, high blood
pressure, and renal disorders (Li et al. 2018). Zn, Co, and Cr
are considered as essential elements in specific amount and
required for normal body functions but can cause serious
health problems when taken at large doses. When Zn is taken
in high dose, it can cause kidney and liver failure and affects
the blood urine system. Cr in high amount affects and in-
creases abortion and miscarriage in women (Gupta et al.
2018). The mean metal concentrations found in this study
are in good agreement with the results of Zn>Cr>Pb and
Cd as reported by Jabeen et al. (2014) in the groundwater of
Haripur basin. The findings revealed that there were high
values of PTM which are associated to industrial discharge
and agricultural uses in the study area.

Health risk assessment

To obtain a more accurate risk assessment of human exposure
to PTM via drinking groundwater, local inhabitants of the

mmm Children
3 Adults

Chronic daily intake (CDI, pg/kg-day)

Zn Ni Cr
Potentially toxic elements

0.08
0.04 1
0.00 -
Pb Cd

study area were interviewed for information regarding age,
health, sex, and socioeconomic conditions. It was assessed
during the interview that residents of the surrounding of HIE
use water obtained from tube wells, dug wells, and bore wells
for drinking and domestic purposes. The calculated CDI
values for children and adults through consumption of
groundwater are summarized in Fig. 4a. The highest CDI
values at 4.3 and 3.91 ug/kg day for children and adults were
observed for Ni through groundwater consumption, respec-
tively. Similarly, the smallest CDI values were calculated for
Cd 0.25 and 0.23 pg/kg day for children and adults through
groundwater consumption, respectively. Based on the ground-
water quality, the CDI values in the study area were found in a
decreasing order such as follows: Ni>Zn > Cr>Pb > Cd. The
CDI values calculated for toxic elements were found higher
than those reported by Masood et al. (2019) in drinking water
of industrial zone in Gujrat, Pakistan. The mean, minimum,
and maximum concentrations of PTM, including, Cd, Cr, Cu,
Pb, and Ni, conducted in the Hattar industrial estate were
found higher than those in the Gujrat industrial zone and
Haripur basin indicating the groundwater quality in the pres-
ent study area is worse than Gujrat and Haripur basin,
Pakistan. The concentrations of Cu, Pb, and Ni were found
below their detection limits of 2, 10, and 20 ug/L, respectively
(WHO 2011) in Gujrat and Haripur basin, Pakistan. Thus, the
study of groundwater in the present study is more important.

Figure 4b summarizes the HQ values of Zn, Ni, Cr, Pb, and
Cd that were 0.013,0.293, 1.48 x 10, 9.36 x 10, and 0.304
for children and 0.011, 0.126, 1.35x 107, 8.50 x 10, and
0.276 for adults, respectively, through groundwater consump-
tion. Zn possesses the least non-carcinogenic risk factor due to
its relatively high reference dose. The HQ index values of
toxic elements in groundwater were found in the order of
Cd>Ni>Pb>Zn>Cr and Cd>Ni>Zn>Pb>CCr,
respectively. The risk analysis revealed that groundwater
consumption is not safe for the community in the study area
especially the children which are more prone to the problem.
The highest HQ values of Cd and Ni could be attributed to
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0.003
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0.001

i
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Potentially toxic elements

Fig. 4 (a, b) CDI and HQ for children and adult through drinking ground water in the study area
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contamination provided by industrial, agricultural, and
sewage release. The HQ values for all PTM in this study
were found higher than the values reported by Masood et al.
(2019) and Jabeen et al. (2014).

Hydrogeochemical facies of water

Chadha (1999) presented a detailed classification of water
hydrogeological data taking the difference between anions
and cations (meq/L), inverse percentage relation of (Ca+

Mg) and (Na + K) (Chadha 1999). The Chadha (1999) classi-
fication of groundwater is an advanced version of Piper
(1944). It is considered highly useful to estimate
hydrogeochemistry of aquifers based on abundance of high
selected suit of anions and cations in water. Four fields of
diagram containing four different types of hydrogeochemical
facies have been obtained (Fig. 5). Detailed hydrogeochemi-
cal investigations have shown that the water of the study area
is mostly Na-HCOj type. In the study area, 56.6% (n = 34) of
the water samples collected were Na-HCOs; type, approving
that the geochemical profile of the study area showed a weak-
ening in Ca content with increase of Na. Na is one of the
extremely mobile cations that dissociates due to cation ex-
change processes and weathering of silicate minerals and ha-
lite. Carbonate-enriched sedimentary rocks are important nat-
ural sources of HCO; in water (BIS 2004). Of the remaining
samples, 22%, including eight groundwater (n =8) and five
surface water (n =5), are Ca-HCO; type, which is formed by
the reactions of CO, and CaCO; bearing mineral in the re-
charge zones of rainwater area (Raj and Shaji 2017). Out of all
the water samples, 19% fall in the category of Na—Cl type and
1% in Ca—Mg—Cl type. The hydro-facies distribution indicat-
ed that the trend in the water type of the study area followed an
order such as follows: Ca—Mg—Cl < Na—Cl < Ca-HCO; <

Na-HCO; (Fig. 5).

Fig. 5 Chadha diagram showing
classification of water samples of
the study areas after Chadha
(1999). Field 1, Ca—HCO; type
waters, reflecting recharge and
weathering. Field 2, Ca>*-Mg**—
CI type, waters. Field 3. Na—Cl™
type waters, reflecting evapora-
tion. Field 4: Na-HCO;3  type
waters, reflecting base-ion
exchange

NaHCO; Type

HCO3— (CI+S04)

NaCl Type

Surface water (n=4 and 6.6 %)

groundwater (n=8 and 13.3 %
Field-3
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Surface water (n=10 and 16.6 %)
and groundwater (n=24, 40 %)
Field-4

Gibbs diagram

Several factors, including bedrock mineralogy, groundwater
regime, and climatic conditions, control basic hydrochemistry.
Water quality data were designed on Gibbs (1970) plot to infer
the leading control(s) on water type and quality by plotting
TDS concentration against the weight ratios of Na/(Na + Ca)
for cations and the weight ratios of Cl/ (C1 + HCO3) for anions
(Gibbs 1970). However, to some extent, the Gibbs diagram is
unable to assess the impact of anthropogenic input on ground-
water chemistry, but it does not necessarily mean that ground-
water formation is totally free from human intervention (Li
et al. 2016). According to Li et al. (2019), human impacts
can directly alter chemical composition of groundwater or
indirectly by accelerating water—rock interaction by altering
hydrodynamic conditions that ultimately change groundwater
intensity. Several researches have followed this type of chem-
ical relationship to infer the water type in different parts of
Pakistan (Jehan et al. 2019; Rashid et al. 2018; Rashid et al.
2019b). Three distinct types of fields are recognized by Gibbs
diagram, such as rock dominance, precipitation dominance,
and evaporation dominance. Figure 6 shows the chemistry
of surface and groundwater which indicates that most of the
water samples were dominantly controlled by rock—water in-
teraction, with few reflections from the precipitation control
rather than evaporation. This identifies that the geochemical
control of the studied water is mainly from weathering of
rocks (CaHCOs) and associated minerals.

Statistical analysis

One-way analysis of variance (one-way ANOVA) was used
for the statistical comparison to test the means among two or
more groups, under the assumption that the sample population
is normally distributed (Chen et al. 2017). A one-way

CaHCO;
Surface water (n=5 and 8 %)

4 and groundwater (n=8, 13 .3%)

Field 1
[
2
%
¢ o [ N J ’
_._._ ] 9_'
e -10 -5 5 10 15 20
° Ca-Mg-Cl Type

-2 Surface water (n=1. 1.67 %)

Field-2

A: CatMg>Na+K
B: CatMg<Na+K

- C: HCO,>CI+S0,
D: HCO;<CI+SO,
6 ® Surface water
Gi dwat
(Ca+Mg) + (Na/+K) roundwater
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Fig. 6 (a, b) Mechanism controlling the groundwater or rock, precipitation, and evaporation dominance. Plots of (a) TDS versus (Na*/Na* + Ca*) and

(b) CI'/CI™ + HCO3) (Gibbs 1970)

ANOVA was performed to determine the variability of the
water quality variables within and between the water sources
(Table 2). The one-way ANOVA test revealed highly signifi-
cant mean variations between Zn, Ni, Co, Fe, Cr, Pb, and Cd

that behave contrarily to the average metal concentrations in
groundwater sources. In addition, each metal varied different-
ly for an individual location in the study area. The post hoc test
(Tukey) indicates that surface water is significantly

Table 2  One-way ANOVA comparison of selected PTM in the water samples of the study area

PTE Sum of squares df* Mean square F° Sig.

Zn Between groups 72,964.01 1 72,964.01 423 0.04¢
Within groups 999,779.73 58 17,237.58
Total 1,072,743.73 59

Ni Between groups 34,952.53 1 34,952.53 5.84 0.02
Within groups 347,296.40 58 5987.87
Total 382,248.93 59

Co Between groups 6720.03 1 6720.03 4.19 0.05
Within groups 93,000.55 58 1603.46
Total 99,720.58 59

Fe Between groups 1,329,728.53 1 1,329,728.53 8.05 0.01
Within groups 9,586,576.20 58 165,285.80
Total 10,916,304.73 59

Cr Between groups 7938.13 1 7938.13 2.15 0.15
Within groups 214,314.85 58 3695.08
Total 222,252.98 59

Pb Between groups 137.34 1 137.34 2.13 0.15
Within groups 3741.91 58 64.52
Total 3879.25 59

Cd Between groups 164.49 1 164.49 4.03 0.05
Within groups 2368.93 58 40.84
Total 2533.41 59

The mean difference is significant at 0.05 level
# Degree of freedom
® Factor

°Bold values are significant
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Table 3 Pearson’s correlation coefficient matrix of selected PTM and physicochemical parameters in surface water samples (1" = 20)

Variable pH TDS HCO; ClI SO, NO; Na K Ca Mg Zn Ni Co Fe Cr Pb Cd
pH 1.00

TDS -0.72  1.00

HCO; —-048 024 1.00

Cl -037 004 086 1.00

SOy -023 —-0.16 058 071 1.00

NO; 030 —0.03 -0.66 —0.67 —0.79 1.00

Na -048 033 090 086 062 —-0.72 1.00

K 031 —-036 007 004 019 —028 0.02 1.00

Ca 040 —-036 —-073 -0.69 —-052 078 —0.89 —0.13 1.00

Mg 044 —-049 -052 -046 —-0.17 040 —0.65 036 0.60 1.00

Zn 026 —-035 -029 -039 -029 042 -043 -0.13 051 045 1.00

Ni 068 —-0.74 —-031 -0.18 0.06 023 —-038 0.09 041 046 0.60 1.00

Co 0.06 -039 019 006 028 —-0.11 —-0.04 015 020 011 027 034 1.00

Fe 0.19 -033 024 015 0.17 -035 0.02 035 -0.12 -0.01 —-0.13 0.10 033 1.00

Cr -0.08 0.10 —-0.13 —-0.08 0.04 007 -007 0.15 —-0.04 022 -015 -006 —-0.17 —0.19 1.00

Pb -050 060 —0.04 0.01 —-0.10 -001 005 -027 —-0.16 —034 -050 -059 —-0.50 —0.08 031 1.00

Cd -035 055 -0.05 0.01 —-018 009 017 -025 —-027 —-030 -045 -056 —-0.76 —0.38 036 0.81 1.00

Bold correlation is significant at 0.05 level

#Number of samples

contaminated than groundwater. The concentrations of select-
ed parameters were found significantly (p < 0.05) for Zn, Co,

Fe, and Cd in surface and groundwater.

The inter-elemental relationship or Pearson’s correlation anal-
ysis gives us valuable and interesting information about the

sources and pathways of PTM (Mico et al. 2006). Parameters
significantly correlated at 0.01 and 0.05 levels are written as bold

(Tables 3, 4). In the surface water collected from the study area, it

Table 4 Pearson’s correlation coefficient matrix of selected PTM and physicochemical parameters in groundwater samples (n* = 40)

showed a very significant correlation for some attributes, notably
for the following: pH-Ni (»=0.68), TDS-Pb (»=0.60),

Variables pH TDS HCO; ClI SO, NO; Na K Ca Mg Zn Ni Co Fe Cr Pb Cd
pH 1.00

TDS -0.12 1.00

HCO; 0.09 -0.12 1.00

Cl 0.06 —0.18 0.50 1.00

SO, 0.02 —-0.27 047 072 1.00

NOs 0.06 0.082 —-087 —048 —054 1.00

Na 0.05 —0.06 087 052 059 —-096 1.00

K 0.02 —-0.18 0.17 005 016 —-027 022 1.00

Ca -0.16 —0.08 -0.75 -023 -032 083 -0.88 —0.19 1.00

Mg 0.10 -0.18 -0.13 029 019 019 -028 -0.38 024  1.00

Zn 0.11 -0.14 -0.19 —-0.05 —0.13 0.02 —0.05 —0.08 0.00 —0.10 1.00

Ni -0.02 -027 -029 -034 —-026 041 —-036 —0.12 026 —0.02 —-0.07 1.00

Co -0.12 -0.01 -024 -026 -031 011 -027 0.125 017 -0.16 013 035 1.00

Fe -0.06 —0.12 -0.08 —-0.09 —-0.06 002 —-0.05 —-0.03 004 -024 033 007 031 1.00

Cr -0.01 -0.01 -0.14 009 004 016 —-0.05 —0.25 002 015 -0.17 011 -023 -0.05 1.00

Pb 0.16 006 -005 -005 -0.13 007 -0.18 0.034 013 006 -0.19 -0.17 -0.19 -0.17 0.01 1.00

Cd 0.24 -0.01 033 042 026 —-0.17 029 -027 -0.19 023 -031 -0.04 -021 -021 0.03 0.10 1.00

Correlation is significant at the 0.05 level (bold values)

#Number of samples
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HCO;—Na (r=0.90), HCO;—Cl (r=0.86), CI-SO4 (r=0.71),
SO4—Na (r=10.62), Zn-Ni (r=0.60), NO;—Ca (r=0.72),
Ca-Mg (r=0.60), CI-Cd (r=0.68), Na—Pb (»=0.60), and
Pb—Cd (r=0.81), whereas some of the pairs showed negative
correlation, such as pH-TDS (»=—0.72), TDS-Ni (»r=—0.74),
Na*—Ca (r=—-0.89), and Na-Mg (»=—0.60), as shown in
Table 3. The correlation analysis shown in this study is in good
agreement with the study conducted by Chabukdhara et al.
(2017) and Jabeen et al. (2014). The correlation in various com-
ponents suggested significant contribution from multiple anthro-
pogenic sources like improper disposal of wastes, agricultural
activity, improper sanitation, discharge of industrial effluents,
and organic decomposition in the study area (Howladar 2017,
Kumar et al. 2009). In the case of groundwater samples, positive
Pearson’s correlation matrices were observed for the following:
HCO5—Cl (r=0.50), HCOs—Na (r=0.87), CI-SO, (r=0.52),
SO4—Na (r=10.59), and NOs;—Ca (r=0.83) as given in Table 4.

The arrangement of different parameters for individual as-
sociation for surface and groundwater was obtained by PCA.
PCA constructs significant loading factors and variable
scores. The PCA analyses of groundwater and surface water
data were considered significant with eigenvalue > 1.0 and
factor loading accumulative at 70%. PCA can be calculated
through the following equation:

ZIJ=(ail x1J+ai2x2J+ai3x3J+aimxmJ) (3)

Where, Z, «, i, J, and m are the component score, compo-
nent loading, original variables, component number, and num-
ber of the original variables, respectively. The loading factors
established the significance of water variables.

Four principal component (PCs) were extracted from the
available dataset accounting 74.05% of the total variance with
eigen value greater than 1 for surface water, whereas, seven
factors with probability of the total variance at 71.01% with
eigen value>1 were obtained for groundwater data

(Supplementary Material, Table S1). For surface water samples,
F1 exhibits 42% of the total and 74.05% with positive loading
on TDS, CI, Na, Pb, and Cd. This factor showed strong asso-
ciation (»=0.78 t0 0.92) of TDS, Cl, Na, Pb, and Cd for surface
water. Due to high association between Na and Cl, F1 which
explains high variance in the data set may be defined as hard-
ness and salinity factor (Omonona et al. 2019). High TDS value
could strongly be attributed to the presence of carbonated rocks
in the study area and upon the concentration of Na and Cl while
Pb and Cd were due to the recharging capacity of aquifers by
contaminated streams (Jabeen et al. 2014; Omonona et al.
2019). F2 exhibits 13.24% of the total variance with positive
loading on HCOs, wherein Ca and Zn indicate strong associa-
tion (= 0.63 to 0.39). F2 attributed to the geochemical process-
es especially influenced by anions and cation, and the contam-
ination could be resulted from ultramafic rock erosion and steel
industry effluents (Rashid et al. 2019a). F1 and F2 factor con-
tribution via varimax rotation for surface water is shown in
Fig. 7a. Infiltration of contaminated surface water creates pol-
lution of groundwater (Guo et al. 2017). For groundwater sam-
ples, F1 exhibits 14.51% of the total variance of 70.15 with
positive loadings on pH, Ca, Na, and Cd indicating strong as-
sociation (= 0.32 to 0.56). F1 indicates the strength of physi-
cochemical parameters and suggests that these loadings are
mainly from geogenic sources (Egbueri 2019). F2 shows
13.17% of the total variance with high loading on Zn and Cr.
This factor suggests strong association (» = 0.67 to 0.72) of EC,
Zn, and Cr for ground water. The contamination of Zn and Cr
could be attributed by the weathering of mafic and ultramafic
rocks, mineral dissolution, and industrial emissions that lead to
the potential source of groundwater contamination in the study
area (Rashid et al. 2019a). Zn is used as anti-corrosion agent
and is used for coating pipeline to protect it from corrosion
whereas Cr is used in the electronic manufacturing unit. F1
and F2 factors’ contribution via varimax rotation for ground-
water is shown in Fig. 7b.
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Fig. 7 (a, b) Graphs of the loads of the first two principal components F1 and F2 after varimax rotation of the PCA indicating/grouping of various

attributes for (a) surface and (b) groundwater samples of the study area
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Conclusion

The concentrations of PTM in this study exceeded the WHO
guideline values in both surface and groundwater samples.
The HQ values were found (< 1) indicating no health risk to
the exposed population. The outcomes of this research proved
that the water of the study area was rapidly and continuously
influenced by industrialization and urbanization. However, if
current practices of wastewater release in the environment
continued, then the exposed population will be at higher risk
in the near future. The Chadha diagram indicated that
hydrochemistry of the area was dominated by Na-HCO; wa-
ter type. The Gibbs diagram showed that the water samples
fall in the rock—water interaction dominance field and the
hydrogeochemistry of water is evolved by the continuous in-
teraction of rocks with water. Statistical analysis, like PCA,
confirmed that the contaminated surface water is strongly
influencing the groundwater in the study area. Furthermore,
correlation analysis showed that Zn, Ni, Pb, and Cd may orig-
inate from electroplating and metal-processing industries, ag-
ricultural practices, domestic and industrial discharge. Finally,
it is concluded the both surface and groundwater in the study
area posed a chronic health risk. Therefore, it is suggested that
water from contaminated sites should not be used for drinking
and domestic purposes. Unwise disposal methods and un-
planned discharge from urban and industrial sectors should
be banned to avoid overdeterioration of water sources in the
study area. Proper measuring techniques, like treatment plants
and immediate response team, could safeguard the drinking
water sources in the study area.
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