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Abstract: The supply of clean drinking water is essential for a healthy life, but access to safe and
healthy drinking water has become a key issue worldwide, especially in developing nations such
as Pakistan. This research work focused on investigating the suitability of groundwater by mea-
suring quality parameters, identification of pesticide pollutants, and health risk analysis in adults
and children due to the consumption of groundwater in recently developed housing societies of
the Gujranwala district, Punjab, Pakistan. Drinking water samples (n = 200) were collected from
electric water pumps and analyzed by in situ testings following the Standard American Public
Health Association (APHA) methods. Pesticides and plasticizers detection was carried out using gas
chromatography-mass spectrometry (GC/MS). Results showed that the concentrations of dissolved
Cr and Pb at more than 20% of sampling sites exceeded the allowable limit of the World Health
Organization (WHO). However, the measured physico-chemical attributes and concentrations of Fe
and Zn did not exceed their respective permissible limits. The most abundant pollutants detected
were plasticizers (30); followed by herbicides (21); fungicides, acaricides, and insecticides (16); and
various types of plant growth regulators (7). Differential patterns for the hazard quotient (HQ) and
hazard indices (HI) were observed, of which were above the WHO limits. The decreasing order of
the hazard quotient was Cl > Zn > Mg > Cr > Pb for both adults and children. In crux, the quality
of water is poor for drinking purposes and the safety and well-being of residents in the recently
developed housing societies of the study area may be at risk. Hence, it is important to implement a
plan for water quality management, and the regular monitoring (periodic testing of qualitative and
quantitative attributes) of the water quality to overcome health-related issues.

Keywords: societies; cations; heavy metal pollution; pesticide residues; plasticizers; health risk
assessment

1. Introduction

The demand for clean water for various sectoral water uses is significantly rising as a
result of an expanding global population [1]. These changes will challenge the sustainable
management of ‘clean accessible water for all’, one of the UN Sustainable Development
Goals (SDGs) for 2030 [2]. Globally, more than twenty-five thousand humans face death on
a routine basis as a consequence of diseases related to water pollution [3]. It is projected
that 50% of the world’s population may face water deficiency by 2025 [4,5]. With the
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ever-increasing economic growth in most countries, there is a significant change in the
urban landscape and associated rapid expansion in the industrialization causing risks
to the environment by pollution over time [6]. Deterioration of water quality due to
pollutants from underground water reserves has attracted the worldwide attention of many
investigators to determine the existing chemical state (quality) of underground aquifers [7].
By gaining the inspiration of preserving the quality of underground water reserves, regular
testing and extensive monitoring of these groundwater reserves is needed [8,9].

In Pakistan, due to poor water quality and quantity, access to clean drinking water
is a serious concern for human health [10]. Pakistan is included as one of the nations that
experiences severe water pollution, water scarcity, poor air quality, global warming, and
climate change in the recent global environment performance index (EPI) rating [11]. The
state and officials are responsible for providing clean drinking water to the citizens, but
unfortunately, in Pakistan, water scarcity and contamination resulting from inefficient
water management by the government and responsible authorities are affecting human
survival [12]. In the modern era of technology, emerging environmental pollutants may
enter the food chain from both anthropogenic and natural sources [13,14]. Certain types of
industrial manufacturing, such as synthetic materials, mining, and waste burning, result in
potentially toxic waste production, posing risks to both abiotic elements (e.g., soil, water)
and biotic components (e.g., plants, animals) [15]. Typically, these potential toxicants that
could harm the environment include heavy metals and pesticides among others that may
significantly degrade and destroy ecosystem integrity, function, structure, and natural
resource capital [16]. In 2017, Pakistani farmers applied 206,730 metric tons of pesticides to
agricultural land, almost tripling the 73,632 metric tons used in the year 2010 [17,18].

Experimental assessments of different significant physicochemical indicators related
to the water chemistry of the specific zone are widely employed in studies. Such types of
important physicochemical indicators often have a noteworthy role in the underground
water reserve managing procedures [19]. Many water quality measuring guidelines that
have been developed for measuring the underground water quality—of water that is either
being used for drinking or irrigation purposes—are excellent methods, which are being
brought into wide usage all over the world [20]. The deterioration of groundwater aquifers
with heavy metals due to geologic and anthropogenic activities result in the health hazards
for local population [21]. The continuously increasing reliance on underground aquifers as
a potable water supply source has stimulated struggles to preserve and improve the quality
of this precious resource [22]. Heavy metals and pesticides are the main toxic contaminants
that adversely limit the beneficial use of water for households or industries [23]. Pollution
due to agricultural processes poses the risk of toxic pesticide residues and heavy metal
contents in both soil and underground water reserves of residential areas [24]. These types
of guidelines are very fruitful in the provision of better underground water quality to the
community and related establishments for water management systems [25].

This research was conducted for the assessment of pesticide residues and trace element
contaminations in underground water samples of newly established residential areas in
the Gujranwala area through the unified methodology of water quality indicators and
multi-variant statistical analytical practices. Sampling sites were selected on the basis
of health issues such as intestinal and gastric health due to the poor quality of drinking
water, as reported by Mazhar et al. [26]. Whilst various studies have been conducted by
researchers on water pollution, very little is known about the effect of pesticide residues on
groundwater reserves, especially in newly developed residential areas. The main objective
of this investigation is to understand and quantify pollutant concentrations of cations,
anions, heavy metals, and chemical substances such as pesticide residues and plasticizers
in the drinking water and to determine the possible human health risks concerned with the
use of potable water in the newly established residential areas.
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2. Materials and Methods
2.1. Study Area

Gujranwala is located in Punjab (31◦32′–32◦33′ N and 73◦11′–74◦28′ E) and has a pop-
ulation of over three million people. Gujranwala hosts an economy that has a heavy usage
of fertilizers and pesticides which are being used as part of agricultural activities to increase
crop yield for a long time. People in the study area are mostly converting agricultural
land into residential housing societies. Five of such recently developed residential areas
(<5 years), i.e., Kotli Gondiawali, Green Town, Master City, Ajwa City, and Peoples Colony,
are investigated in this study, as shown in Figure 1. Currently (>500) people are residing in
each of these residential areas. The lack of implementation of environmental monitoring,
regulation, and policies before the establishment of society has resulted in serious concerns
about drinking water quality [26].
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2.2. Water Sampling and Preparation

Drinking water samples (n = 200) were taken from the water extraction electric pumps,
ranging in boring depth from 80 to 120 m, with twenty samples from each site of recently
developed residential area. From each residential area, two sites were selected, namely S1
and S2. Before the sampling, water was allowed to flow for 5 to 6 min from the pumps to
obtain fresh water. The drinking water sampling (each amount ~500 mL) was carried out in
clean pre-sterilized plastic bottles. Each collected sample was acidified by adding 2–3 drops
of nitric acid (HNO3) at the site for better stabilization and preservation. All samples
were labeled, stored at cool temperature conditions, and transported to the laboratory for
analytical analysis using the standards protocols of the American Public Health Association
(APHA) 23rd Edition.
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2.3. Physico-Chemical and Metal Attributes

Including the field quality parameters, all water samples were analyzed as per the
Standard Methods described for the Examination of Water and Wastewater [27]. A multi-
parameter instrument (HANNA HI2020) was employed to measure the electric conductivity
(EC) using (APHA 2510) and pH values using (APHA 4500 H+) the standard protocols.
Total hardness was measured by the titration method. The water samples were titrated
with 0.01M EDTA and the calculation was carried out by following the standard protocols.
In addition, the measurements of major cationic concentrations, Mg2+ and Ca2+, in the
samples were determined by the titrimetric method using 3500-Ca (B) and 3500-Mg (B) as
reference methods, respectively. For heavy metal concentrations (Fe, Pb, Cr, and Zn), the
inductively coupled mass spectrometry (Agilent 720 ICP-MS) technique was used as per the
standard analytical method (Method 6020) and instrument-operating manual. Moreover,
to measure the concentration of Cl−1 in water samples, the ion-exchange chromatography
(IEC-1100) technique was employed. Standard protocols and procedural blanks were tested
in each batch to ensure the accuracy of determinations as part of the quality assurance, as
mentioned in Table 1.

Table 1. Laboratory detection limits and relevant details for selected constituents.

Parameter Reference Method Detection Limit
(mg/L)

Measurement
Uncertainty

Calcium APHA, 23rd Edition 2.0 ±2%
Chlorides APHA, 23rd Edition 2.0 ±2%

Magnesium APHA, 23rd Edition 1.0 ±3%
Total hardness APHA, 23rd Edition - -
Heavy metals APHA, 23rd Edition - -

2.4. Pesticide and Plasticizers Evaluation by GC-MSD

Pesticide identification in water samples was conducted using the GC/MS (Agilent
technologies GC 6890, J&W Scientific, Santa Clara, CA, USA) single quadrupole by follow-
ing the standard methods. As a carrier gas, He (Helium) gas at a purity level of 99.99%
was utilized with a flow rate of about 2.1 mL/min. For the analyte sample injection, a
7890A GC multimode inlet was used carefully, and for its operation, the split less injection
mode (1 µL to 3 µL) was used, which was equipped with an inlet liner stuffed with glass
wool. The temperature settings of the GC injection port and the MS interface were fixed to
280 ◦C. For the running of mass spectrometer, an electron ionization mode was selected
with an electron multiplier voltage value of 1058 V. The MS quad temperature and ion
source temperature was 200 ◦C and 300 ◦C, respectively. The results from the spectrometric
analysis were found to be in the atomic mass range from 45 to 550 amu. Various pesticidal
and plasticizers chemicals were characterized by comparing mass spectra and the reference
ions abundance ratio of the recognized analysis from the sample with one of the standards
(RTL library and NIST-MS). Pesticides and other pollutants (plasticizers) were identified
based on the respective peak areas (%).

2.5. Health Risk Assessment

Among the several pathways of heavy metal intake, ingestion remains a major
risk [28,29]. The Chronic Daily Intake (CDI) of compounds and metals such as Cr, Zn,
Pb, Cl, and Mg was determined by Equation (1). The model utilized for calculating oral
exposure and health risk is given by Maigari et al. [30] and Waqas et al. [31], which is based
on the Integrated Risk Information System of USEPA [32], as given below.

CDI = (Cw × Iw)/Wb (1)

here, Cw stands for the heavy metal levels in water (µg L−1), Iw (L day−1) is for the average
daily intake (assumed to be 2 L day−1 of water for adults and 1 L day−1 for children) [32],
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and Wb (kg) is for the average human body weight (assumed to be 72 kg for an adult and
32.7 kg for a child) [6,28,33–35].

Hazard Quotient (HQ) and Hazard Index (HI) Indices

The Hazard Quotient (HQ) describes the approach for the risk characterization of
non-carcinogenic health risks from the specific toxicant. The HQ value was computed
using the following Equation (2), as followed by [29]:

HQ = CDI/(RfD) (2)

where RfD stands for the reference dose in mg/kg/day. The RfD values used in this research
were acquired from the U.S. Environmental Protection Agency. The Human Health Risk
assessment of toxicant chemicals was determined based on the reference values of both
HQ and THI. The lower values (HQ or THI < 1) were interpreted as no risk; the higher the
values (>1), the bigger the health risk from chemicals, thus, pointing to a long-term health
hazard [36]. The health hazard index (HI) is the sum of all hazard quotients for multiple
substances and/or exposure pathways of all HMs, as described by Škrbić et al. [37], and is
determined by using Equation (3).

HI = HQ (Cr) + HQ (Zn) + HQ (Cl) + HQ (Pb) + HQ (Mg) (3)

2.6. Statistical and Spatial Data Analysis

Detailed descriptive statistical analyses were carried out using Microsoft Excel 2016
and Statistics 8.01 software, and the spatial maps were developed using ArcGIS software.

3. Results
3.1. Physico-Chemical Attributes

Findings of the current investigation revealed that the pH, EC, and total hardness in
the sampled waters varied significantly. The range of pH values (7.08–7.78), EC (297–1040
µS/cm) and total hardness (40–180 mg/L) were within the allowable limits developed by
the Pakistan Environmental Protection Agency (Pak-EPA) [38] and World Health Organiza-
tion (WHO) [39]. The maximum pH (7.78) was observed in the water sampled from site 1
(Peoples Colony), while the minimum value (7.08) was found in the samples collected from
site 2 (Kotli Gondiawali). The highest EC (1040 µS/cm) was found in the sample collected
at site 1 (Master City). Similarly, the total hardness values showed minor variations in the
drinking water samples (Table 2).

Table 2. Comparative analysis of the physico-chemical attributes of drinking water samples.

Location Sites pH EC (µS/cm) TH (mg/L)

Peoples Colony S1 7.78 ± 0.34 297 ± 1.23 40 ± 1.23
S2 7.56 ± 0.23 377 ± 2.43 48 ± 1.45

Master City S1 7.38 ± 0.12 1040 ± 3.21 134 ± 0.90
S2 7.44 ± 0.09 778 ± 2.31 102 ± 0.76

Ajwa City S1 7.27 ± 0.04 759 ± 3.89 98 ± 0.45
S2 7.12 ± 0.15 942 ± 3.16 180 ± 0.43

Green Town
S1 7.47 ± 0.09 602 ± 3.19 78 ± 0.78
S2 7.33 ± 0.05 523 ± 2.67 70 ± 0.87

Kotli Gondiawali
S1 7.08 ± 0.08 871 ± 1.23 116 ± 0.89
S2 7.09 ± 0.03 1020 ± 2.78 138 ± 1.34

EC = electrical conductivity; TH = total hardness.

3.2. Cations and Anions

The average levels of major anions and cations measured in the drinking water sam-
ples are shown in Table 3. The calcium concentrations were within the allowable limit
(200 mg L−1) developed by the WHO [39] at most sampling locations. However, about
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50% of the collected samples measuring Mg values, ranging from 18.30 to 70.00 mg L−1,
were found to be above the permissible limit (50 mg L−1) set by Pak-EPA [38]. The highest
concentration of Mg (70.00 mg/L) was measured at site 2 (Kotli Gondiawali). The Cl
concentrations ranged from 26 to 84 mg L−1, and all the values were observed to be well
below the allowable limit (250 mg L−1) proposed by Pak-EPA [38] (Table 3).

Table 3. Comparative analysis of the inorganic contents (mg/L) of drinking water samples.

Location Sites Ca Contents Mg Contents Cl Contents

Peoples Colony S1 22 ± 1.21 18 ± 0.98 26 ± 1.34
S2 26 ± 0.94 22 ± 0.81 30 ± 1.21

Master City S1 70 ± 0.76 64 ± 0.56 80 ± 1.78
S2 50 ± 0.45 52 ± 1.21 60 ± 0.67

Ajwa City S1 46 ± 0.21 52 ± 1.09 64 ± 0.98
S2 66 ± 0.85 64 ± 1.56 72 ± 0.78

Green Town
S1 40 ± 0.12 38 ± 0.78 46 ± 0.71
S2 36 ± 0.48 34 ± 0.81 40 ± 0.89

Kotli Gondiawali
S1 60 ± 0.65 56 ± 0.56 78 ± 0.56
S2 68 ± 0.61 70 ± 0.78 84 ± 0.67

3.3. Heavy Metals

Table 4 shows a summary of the heavy metal levels in various sampling points of
potable water in the sampling area. The measured levels of Pb in water samples varied
from 0.01 to 0.06 mg L−1, and approximately 10% of these sampling sites exceeded the
allowable limit (0.05 mg L−1) developed by Pak-EPA [38]. A minimum concentration of Pb
(0.01 mg L−1) was found in the water sample collected from site 1 in the Peoples Colony
location, while the maximum concentration (0.06 mg L−1) was found at site 2 in the Kotli
Gondiawali area. Iron concentrations varied from 0.04 to 0.11 mg L−1. All the sampling
sites showed values below the permissible limits. The concentration of Zn in water did not
register a significant spatial variation in the study area. However, Cr concentrations ranged
from 0.01 to 0.06 mg L−1 and approximately 20% of samples exceeded the permissible limit
(Table 4).

Table 4. Comparative analysis of metal contents (mg/L) of drinking water samples.

Location Sites Fe Contents Zn Contents Cr Contents Pb Contents

Peoples Colony S1 0.06 ± 0.01 0.90 ± 0.09 0.01 ± 0.01 0.03 ± 0.02
S2 0.05 ± 0.02 1.31 ± 0.04 0.02 ± 0.01 0.02 ± 0.01

Master City S1 0.09 ± 0.04 2.83 ± 0.12 0.05 ± 0.01 0.04 ± 0.02
S2 0.05 ± 0.01 2.11 ± 0.18 0.03 ± 0.01 0.04 ± 0.01

Ajwa City S1 0.08 ± 0.01 2.07 ± 0.14 0.04 ± 0.01 0.05 ± 0.02
S2 0.07 ± 0.02 1.93 ± 0.03 0.03 ± 0.02 0.03 ± 0.01

Green Town
S1 0.05 ± 0.01 1.41 ± 0.12 0.03 ± 0.01 0.04 ± 0.01
S2 0.04 ± 0.01 1.63 ± 0.08 0.02 ± 0.01 0.01 ± 0.01

Kotli Gondiawali
S1 0.11 ± 0.03 2.11 ± 0.04 0.03 ± 0.01 0.03 ± 0.02
S2 0.05 ± 0.04 2.73 ± 0.06 0.06 ± 0.02 0.05 ± 0.02

3.4. Pesticides and Plasticizers Accumulation

Twenty-one different types of herbicides were detected, which showed a significant
spatial variation in the study area. Comparative results showed that a maximum of fourteen
types of herbicides were identified and characterized in water samples collected from
Peoples Colony site 1 followed by Master City site 1 and site 2. The maximum (peak area
%), ranging from 0.62 to 6.74, was detected in water samples collected from Peoples Colony,
followed by Ajwa City (0.52–9.41), Master City (0.32–3.94), Kotli Gondiawali (0.14–3.46),
and Green Town (0.48–3.38) sampling locations. The minimum herbicide was detected in
the Peoples Colony and Ajwa City sampling locations (Table 5).
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Table 5. Summary of detected herbicide on the basis of peak area (%) using GC-MS in the drinking
water samples.

S/N Chemical Name Substance Group
Peoples
Colony Master City Ajwa City Green Town Kotli

Gondiawali

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

1 2,4-DB methyl ester Chlorophenoxyacid - - 1.36 - - - - - - -
2 4-Isopropylaniline Dinitroaniline 0.97 - 0.56 0.75 - 0.52 - - 0.18 0.14
3 Beflubutamid Amide - - - - - - 2.59 - - -
4 Bromobutide Amide 0.95 - 2.11 1.38 - - 1.92 1.49 - -
5 Carbetamide Carbamate 0.95 - 3.3 0.58 - - 1.92 1.49 0.91 0.16
6 Chloranocryl Anilide 3.74 - 0.88 - - - - 1.26 0.2 0.28
7 Cycloate Thiocarbamate 0.62 - 0.35 - - - - - - -

8 Desbromo-
bromobutide Amide - - 3.3 - - - - 0.57 3.46 3.7

9 Dichlormid Unclassified - - - 1.2 - - - 1.01 - -
10 Dimepiperate Thiocarbamate 0.95 - 3.3 0.58 - - 0.71 0.57 0.91 0.16
11 Dinoseb acetate Dinitrophenol - 6.74 3.03 1.66 6.74 2.52 2.36 2.06 2.25 -
12 EPTC Thiocarbamate 0.65 - - - - - - - - -
13 Flurtamone Pyridazinone - - - - - - - - - 0.19
14 Isocarbamide Amide 0.77 - - 0.4 - - 0.54 - - -

15 MCPB methylester Aryloxyalkanoic
acid - - 1.36 - - - 1.44 - - -

16 Methoprotryne Triazine 0.89 - - - - - 1.23 3.38 0.52 -
17 Monalide Anilide 0.8 - 0.35 0.32 - - 0.48 0.71 0.68 0.35
18 Pebulate Thiocarbamate 0.65 - - - - - - - - -
19 Propachlor Chloroacetamide 0.97 - 0.56 0.75 - 0.52 - - 0.18 0.14
20 Tebutam Benzamide 0.99 5.07 3.94 1.53 9.41 6.89 0.71 1.79 0.91 2.26
21 Thiazopyr Pyridine 1.32 - - - - - - - - -

Sixteen fungicides and acaricides were detected which showed significant variations
(area %). Comparative results showed that maximum fungicides and acaricides were de-
tected in water samples collected from site 2 (Green Town and Kotli Gondiawali), followed
by site 1 (Green Town). The maximum area percent ranging from 0.69 to 5.29 was detected
in the water samples collected from Peoples Colony followed by Ajwa City (3.4–5.21),
Green Town (0.27–3.06), Master City (0.22–1.25), and Kotli Gondiawali (0.16–0.55). The
minimum fungicide and acaricide detections were registered in Peoples Colony and Ajwa
City, respectively (Table 6).

Table 6. Summary of detected fungicides and acaricides on the basis of peak area (%) using GC-MS
in the drinking water samples.

S/N Chemical Name Substance Group
Peoples
Colony Master City Ajwa City Green Town Kotli

Gondiawali

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

1 Binapacryl Dinitrophenol 1 - 0.22 0.47 - - - 1.22 0.16 0.25
2 Bitertanol 1 Triazole - - - - - - - 0.27 0.42 0.41
3 Bitertanol 2 Triazole - - - - - - - - 0.42 -
4 Captan Phthalimide - - 1.25 - - - - - - -

5 Cymoxanil Cyanoacetamide
oxime 0.69 - - - - - 0.54 - - -

6 Cyprofuram Anilide 2.58 - - - - - 1.28 0.61 0.43 0.48
7 Dinocap 1 Dinitrophenol 2.58 - 0.58 0.32 - - 0.45 0.93 0.55 0.47
8 Dinocap 2 Dinitrophenol - - 0.58 1 - 5.21 1.24 0.35 0.21 0.22
9 Dinocap 3 Dinitrophenol 1.51 - 0.29 0.39 - 5.21 0.87 0.93 0.55 0.47

10 Dinocap 4 Dinitrophenol 1.44 - 0.22 0.39 - 5.21 1.24 0.35 0.21 0.28
11 Iprobenfos Organophosphate - 5.29 - - - 3.4 2.76 3.06 - -
12 Mepronil Benzanilide - - - - - - 0.71 - - -
13 o-Phenylphenol Phenol - - 0.29 0.34 - - - 0.27 - 0.41
14 Oxadixyl Phenylamide - - - - - 3.75 - - - -
15 Phthalide Unclassified - - - - - - - - 0.44 0.3
16 Triadimefon Triazole - - 0.35 0.41 - - 0.58 0.63 - 0.31
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The findings revealed that sixteen different types of insecticides are present in drinking
water samples. The maximum insecticide levels were detected in water samples collected
from site 1 in Master City, followed by site 1 in Green Town. The percent area ranging
from 0.55 to 5.69 was detected in water samples collected from the Peoples Colony fol-
lowed by Ajwa City (3.31–5.69), Green Town (0.36–4.07), Master City (0.40–0.99), and Kotli
Gondiawali (0.18–0.92) (Table 7).

Table 7. Summary of detected insecticides on the basis of peak area (%) using GC-MS in the drinking
water samples.

S/N Chemical Name Substance Group
Peoples
Colony Master City Ajwa City Green Town Kotli

Gondiawali

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

1 Chlordene, trans- Organochlorine - - 0.64 0.5 - - 0.7 0.36 - 0.63
2 Cyanofenphos phosphonothioate - - 0.94 - - - - 0.55 0.83 0.92
3 Cypermethrin IV Pyrethroid - - - - - - - - - 0.18
4 Demephion Organophosphate - - - 0.49 - - 0.89 0.41 - -
5 Demeton-S Organophosphate - - - 0.71 - - - - - -
6 Demeton-S-methyl Organophosphate - - 0.83 - - - 1.23 - 0.84 -

7 Diethyl phthalate Benzoic acid
esters - - - - - 3.31 - - -

8 Disulfoton Organophosphate - - 0.83 1.1 - - 1.23 - 0.84 -
9 Isoxathion Organophosphate - 5.69 - - 5.69 - - - - -

10 Methomyl Carbamate 0.59 - 0.84 0.99 5.05 3.75 1.3 0.17 0.64 0.2

11 N,N-Diethyl-m-
toluamide Unclassified - - 0.76 0.58 - - - 0.57 - 0.72

12 Propoxur Carbamate 0.55 - 0.4 0.38 - - 0.42 0.42 0.42 0.42
13 Thiometon Organophosphate - - 0.83 0.71 - - 1.23 - 0.84 -
14 Trichlorfon Organophosphate - - - 0.76 - - - - - -

15 Trifenmorph Morpholine
derivative - - 0.4 - - - - - 0.44 0.3

16 Vamidothion Organophosphate - - - - - - 4.07 - - -

Many different types of plant growth regulators were detected from all the sampling
sites. The maximum plant growth regulators were detected in water samples collected
from site 1 in Kotli Gondiawali, followed by the Peoples Colony and Master City. The
maximum percent area ranging from 0.62 to 0.77 was detected in water samples collected
from the Peoples Colony, followed by Green Town (0.27–0.70), Kotli Gondiawali (0.13–0.68),
and Master City (0.29–0.64) (Table 8).

Table 8. Summary of detected plant growth regulators on the basis of peak area (%) using GC-MS in
the drinking water samples.

S/N Chemical Name Substance Group
Peoples
Colony Master City Ajwa City Green Town Kotli

Gondiawali

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

1 2-(1-naphthyl)
acetamide Auxin 0.77 - 0.29 0.4 - - 0.54 0.27 0.42 -

2
2-[3-

Chlorophenoxy]
propionamide

Chlorophenoxy
acid or ester - - - - - - - - 0.13 -

3 Ancymidol Pyrimidinyl
carbinol 1.32 - - - - - - - - -

4 Carvone Plant derived - - - - - - - - 0.24 -
5 Dicyclopentadiene Hydrocarbon - - 0.64 0.5 - - 0.7 0.36 0.68 0.63

6 Prohydrojasmon I Synthetic
jasmonate - - - - - - - - 0.21 -

7 Prohydrojasmon II Synthetic
jasmonate 0.62 - 0.35 - - - - - - 0.18
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3.5. Plasticizers Accumulation

Thirty different types of plasticizers and other contaminants were detected in drinking
water samples. The highest different kinds of plasticizer and other contaminants were
measured in water samples collected from site 2 in Kotli Gondiawali, followed by site
1 in Kotli Gondiawali. The percent area, ranging from 0.29 to 16.45, was detected in
water samples collected from Master City, followed by Peoples Colony (0.65–14.6), Kotli
Gondiawali (0.13–11.06), Ajwa City (2.97–10.21), and Green City (0.21–8.23) (Table 9).

Table 9. Summary of detected plasticizers and other compounds based on peak area (%) using
GC-MS in the drinking water samples.

S/N Chemical Name Substance Group
Peoples
Colony

Master
City Ajwa City Green Town Kotli

Gondiawali

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

1 1,2-Dibromo-3-
chloropropane Halogenated alkane - - - 0.8 - - - - - -

2 2-(2-Butoxyethoxy) ethyl
thiocyan Cyclic aromatic 1.40 - 0.29 0.51 - 2.97 - 0.21 - 0.22

3 2-ethyl-6-methylaniline Unclassified 0.97 - 0.56 0.75 - - 0.52 - 0.18 0.14

4 3-Indolylacetonitrile

Phytoalexins tend to
fall into several classes
including terpenoids,

glycosteroids and
alkaloids

- - - - - - - - 0.13 -

5 4,4′-Oxydianiline Ether derivative of
Aniline - - - - - - - - 0.83 -

6 4-Chloro-2-
methylaniline Unclassified 0.77 - - - - - - - - 0.41

7 4-Chloro-3-
methylphenol phenol - - - 0.4 - - 0.54 - - -

8 Benzo(a)anthracene Unclassified 1.32 - - 1.47 - - 1.14 1.36 0.6 -
9 Benzophenone Aromatic Ketone 1.8 - - 2.33 - - - 2.51 2.69 -

10 Bis(2-ethylhexyl)
phthalate Unclassified - - - 1.36 - 4.46 - 2.7 1.39 1.22

11 Cashmeran alicyclic ketone 14.6 - 16.5 7.49 3.99 10.2 8.23 5.36 9.67 11.06

12 Chrysene aromatic hydrocarbon
in coal tar - - - 1.47 - - 1.14 1.36 0.6 -

13 Cyclopentadecanone saturated alicyclic
ketone - - - - - - - 0.47 0.38 0.18

14 Diamyl phthalate Unclassified 0.84 - - 3.11 - - 2.98 1.1 3.61 1.11

15 Dicyclohexyl phthalate Transitional Phthalate
Esters group - - - 1.36 - 4.46 - - 1.39 1.22

16 Diisobutyl phthalate Unclassified 2.48 - 0.54 3.11 - 4.46 2.98 3.02 3.61 3.39
17 Di-n-butylphthalate Unclassified 0.84 - - 1.13 - - 0.97 1.1 3.61 1.11
18 Di-n-hexyl phthalate Unclassified 2.48 - 2.68 1.13 - 3.31 - - - 1.11
19 Di-n-octyl phthalate Phthalate ester - - - - - - - 1.1 - 1.22
20 Di-n-propyl phthalate Unclassified 2.48 - - - - - 2.98 3.02 - 3.39
21 Ethylenethiourea Thiourea - - - 1.47 - - 1.14 1.36 0.52 -

22 Exaltolide
[15-Pentadecanolide]

a natural macrolide
lactone and a

synthetic musk
- - - - - - - 0.48 0.35 0.18

23 Naphthalene Aromatic hydrocarbon 0.65 - - - - - - - - -

24 N-Methyl-N-1-naphthyl
acetamide Unclassified - - - - - - - - 0.83 -

25 PCB 30 Unclassified - - - - - - - - 0.52 -
26 Spirodiclofen Tetronic Acid - - - - - - - - - 0.35
27 Tetrahydrophthalimide, Unclassified - - 1.25 - - - - - - -
28 Tonalide Tetralin - - 0.4 - - - - - 0.44 0.3

29 Triethylphosphate phosphoric acid,
triethyl ester - - - - - - - - 0.13 -

30 Tris(2-ethylhexyl)
posphate Phosphoric Acid ester - - - - - - 0.54 - - -

3.6. Health Risk Assessment

Overall, the results of chronic daily intake indicated that out of the 10 selected sampling
locations, both sites in Peoples Colony were at less risk from chronic diseases in humans’
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oral exposure, whereas the S1 in Master City and S2 in Kotli Gondiawali were at a high risk
to children. The HQ was in the order of Cl > Zn > Mg > Cr > Pb for adults and children. The
measured HQ for adults was the highest at S2 in Kotli Gondiawali (23.33) for adults and
25.69 for children, and the lowest for Pb for adults and children. Similarly, the HI for adults
was in the order of S2 in Kotli Gondiawali (48.39) > S2 in Master City (48.20) > S1 in Kotli
Gondiawali (41.16) > S2 in Ajwa City (37.64) > S1 in Ajwa City (36.34) > S2 in Master City
(36.15) > S1 in Green Town (25.77) > S2 in Green Town (25.9) > S2 in Peoples Colony (20.39)
and S1 in Peoples Colony (15.57, and it followed the same pattern for children. Moreover,
the results indicated that the heavy metals, i.e., Cr and Pb, were very high at one sampling
point (Table 10).

Table 10. Hazard quotient and hazard indices for adults and children.

Sampling Points

Hazard Quotient (HQ) Hazard Indices
(HI)

Cr Zn Pb Mg Cl
Adult Child

Adult Child Adult Child Adult Child Adult Child Adult Child

Peoples
Colony

S1
2.78 ×
10−3

3.06 ×
10−3

8.33 ×
100

1.83 ×
10−1

5.56 ×
10−5

6.12 ×
10−5

1.29 ×
10−2

3.93 ×
10−2

7.22 ×
100

7.95 ×
100

1.56 ×
10+1

8.18 ×
100

S2
5.56 ×
10−3

6.12 ×
10−3

1.20 ×
10+1

2.65 ×
10−1

1.11 ×
10−4

1.22 ×
10−4

1.57 ×
10−2

4.81 ×
10−2

8.33 ×
100

9.17 ×
10+1

2.04 ×
10+1

9.49×
100

Master
City

S1
1.39 ×
10−2

1.53 ×
10−2

2.59 ×
10+1

5.71 ×
10−1

2.50 ×
10−4

2.75 ×
10−4

4.57 ×
10−2

1.40 ×
10−1

2.22 ×
10+1

2.45 ×
10+1

4.82 ×
10+1

2.52 ×
10+1

S2
8.33 ×
10−3

9.17 ×
10−3

1.94 ×
10+1

4.28 ×
10−1

1.94 ×
10−4

2.14 ×
10−4

3.71 ×
10−2

1.14 ×
10−1

1.67 ×
10+1

1.83 ×
10+1

3.62 ×
10+1

1.89 ×
10+1

Ajwa
City

S1
1.11 ×
10−2

1.22 ×
10−2

1.85 ×
10+1

4.08 ×
10−1

1.67 ×
10−4

1.83 ×
10−4

3.71 ×
10−2

1.14 ×
10−1

1.78 ×
10+1

1.96 ×
10+1

3.63 ×
10+1

2.01 ×
10+1

S2
8.33 ×
10−3

9.17 ×
10−3

1.76 ×
10+1

3.87 ×
10−1

2.22 ×
10−4

2.45 ×
10−4

4.57 ×
10−2

1.40 ×
10−1

2.00 ×
10+1

2.20 ×
10+1

3.76 ×
10+1

2.26 ×
10+1

Green
Town

S1
8.33 ×
10−3

9.17 ×
10−3

1.30 ×
10+1

2.85 ×
10−1

1.94 ×
10−4

2.14 ×
10−4

2.71 ×
10−2

8.30 ×
10−2

1.28 ×
10+1

1.41 ×
10+1

2.58 ×
10+1

1.44 ×
10+1

S2
5.56 ×
10−3

6.12 ×
10−3

1.48 ×
10+1

3.26 ×
10−1

1.39 ×
10−4

1.53 ×
10−4

2.43 ×
10−2

7.43 ×
10−2

1.11 ×
10+1

1.22 ×
10+1

2.60 ×
10+1

1.26 ×
10+1

Kotli
Gondi-
awali

S1
1.67 ×
10−3

1.83 ×
10−2

1.94 ×
10+1

4.28 ×
10−1

1.67 ×
10−4

1.83 ×
10−4

4.00 ×
10−2

1.22 ×
10−1

2.17 ×
10+1

2.39 ×
10+1

4.12 ×
10+1

2.44 ×
10+1

S2
8.33 ×
10−3

9.17 ×
10−3

2.50 ×
10+1

5.50 ×
10−1

3.06 ×
10−4

3.36 ×
10−4

5.00 ×
10−2

1.53 ×
10−1

2.33 ×
10+1

2.57 ×
10+1

4.84 ×
10+1

2.64 ×
10+1

4. Discussion

Studies conducted in the past have shown that surface and groundwater are polluted
by various types of chemicals and potentially toxic heavy metals that pose a number of
threats to human health [29,31]. The results of the data analysis showed that there are
considerable variations in each physico-chemical attribute of the drinking water samples
obtained from various Gujranwala societies. The bulk of the water samples was below the
Pak-EPA proposed permissible limits for all physicochemical parameters [38].

All samples’ pH values were within the appropriate limits determined by the WHO [39].
The drinking water’s pH varied slightly depending on the local aquifer geology, resi-
dence time, and composition of its ionic elements, particularly the hydrogen and hydroxyl
ions [40,41]. This finding is also in agreement with the observation of Farooq et al. [42],
wherein the pH ranged from 7.02 to 7.30, and with Hashmi et al. [43], where the pH ranged
from 7.03 to 7.73 in a residential area in Rawalpindi. The EC values in all the water samples
varied from 297–1040 S cm−1. It is observed that none of the industries that discharge
wastewater without sufficient treatment were close to the investigated sampling sites,
hence, the likelihood of such a source of pollution is absent at present [44]. However, it has
been found that various human activities (i.e., agriculture) somewhat increase the electrical
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conductivity of drinking water [45]. According to the measured values, water samples from
Ajwa City had the highest total hardness (180 mg/L), while those samples from the Peoples
Colony had the lowest total hardness (40 mg/L). Generally, higher levels of hardness are
attributed to the higher concentrations of limestone and magnesium carbonate [46]. Due to
the presence of carbonate aquifer minerals, the subsequent dissolution of materials, and
industrialization in these areas, the problem of hardness may become acute [46]. The main
cause of scaling on the surface of distribution pipelines may be due to the persistent flow
of hard water in the distribution system [44]. A prior investigation by Sh [47] reported
that various samples of water from the Rawalpindi region ranged in hardness from 150 to
540 mg/L. These findings of the current study are in line with those of Khan and Khan [48],
who reported that potable water samples collected from the Rawalpindi and Islamabad
areas had a normal level of chlorides.

When concentrations of potentially toxic metals in potable water exceed a particular
level, negative effects on human health may result [49,50]. As a result, the type and
concentrations of heavy metals in water are critical factors, and the majority of the research
on the quality and safety of drinking water includes heavy metal research. The lead
pipes used to distribute drinking water in residential areas may have contributed to the
higher values [49]. Outside of the study sites, there are significant ambient lead levels near
the main roadways. The contamination of drinking water sources is caused directly or
indirectly by vehicular emissions containing lead compounds. That could be the cause of
the elevated lead concentrations found in all water samples [44]. When soft groundwater
or surface water is in contact with rocks or soil that naturally contain high Cd, dissolution
and mobilization may occur in the water. Additionally, it could be introduced by the use
of paints, pigments, plastic stabilizers, mining, and smelting processes, as well as other
industrial operations such as electroplating, the use of fossil fuel, fertilizer (diammonium
phosphate) input, and the dumping of sewage sludge [51,52]. This may also be the result
of galvanized steel pipe’s corrosion, which is utilized to distribute water over large regions,
mostly for agricultural purposes (intense fertilizer application) [49]. The galvanized steel
pipes have a zinc coating, which typically contains 1% of Cd. In a similar vein, Cd can
originate from metallic material fittings that are usually soldered with cadmium [53].

The iron and zinc contents in potable water samples collected from various sites of
housing societies in the study area varied significantly. The second biggest cause of metal
contamination in soil is determined to be metal mining [54]. Metals such as Zn, Cu, Pb,
and Fe are among them. During the treatment procedure, the metals could enter the water
system. Chemical reactions and the subsequent leaching of metals such as Cu, Cd, Sn,
Zn, Pb, and Fe into the local water may be caused by the corrosion and dissolution of the
distribution pipes [49]. Given that the results obtained in this study of the drinking water
quality are well below the Pak-EPA maximum permissible limits, it points to the fact that
the sampled water is safe to consume [38]. The comparison of the current study with the
WHO [39] and Pak-EPA [38] is depicted in Table 11.

Table 11. Comparison of studied variables with various permissible limits in drinking water.

Variables Current Study Pak-EPA [30] WHO [31]

pH 7.12–7.78 6.5–8.5 6.5–8.5
EC (µS/cm) 297–1040 2500 -

Total Hardness (mg/L) 40–180 500 500
Ca Contents (mg/L) 22–70 75 75
Mg Contents (mg/L) 18–70 150 50
Cl Contents (mg/L) 26–84 250 200
Fe Contents (mg/L) 0.05–0.11 8.00 1.50
Zn Contents (mg/L) 0.90–2.83 3.00 5.00
Cr Contents (mg/L) 0.01–0.06 0.05 0.05
Pb Contents (mg/L) 0.01–0.06 0.01 0.05
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The potable water samples were taken from several societies in Gujranwala, and it
was discovered that there were over 90 different types of pesticides present in the water.
Similar observations have been made by Wang et al. [55] in Greek rivers and lakes where
pesticide levels were high; they reported that atrazine, alachlor, metolachlor, simazine, and
trifluralin were the types of chemicals most commonly found in water and, among others,
included insecticides such as diazinon and parathion methyl. Recently, Shakerkhatibi
et al. [56] reported that profenofos, malathion, and diazinon residues are occurring in drink-
ing groundwater resources in Iran. These pesticides were substances that were commonly
found in soil. The physico-chemical characteristics and soil-types affect pesticide solubil-
ity and absorption, which may lead to pesticide degradation, accumulation, migration,
diffusion, and mobilization in drinking water [24]. It is evident that extensive pesticide
pollution is currently harming water resources in terms of quality [57]. The permissible
limits of certain commonly used pesticides by various organizations are represented in
Table 12.

Table 12. Permissible limits of pesticides in drinking water.

Pesticides WHO (mg/L) US-EPA (mg/L) ISI (µg/L)

DDT - - 42
Aldrin 0.0003 - 17

Dieldren 0.0003 - 17
Endrin - 0.002 1

Chlordane - - 3
Lindane - - 56

Heptachlor - - 18
Methoxychlor 0.020 0.040 35

Heptachlor-epoxide - - 18
Organic-phosphate - - 100

Toxaphene - - 5
Carbamate - - 100

Methoxychlor 0.020 - -
Bentazon 0.30 - -

Chlorotoluron 0.03 - -
Pyradite 0.10 - -

1,2-dicholoropropane 0.04 - -
Polyaromatic hydrocarbons 0.01 - -

Atrazine - 0.003 -
Toluene - 1000 -

Xylenes (total) - 10 -
Ethyl-benzene - 0.700 -

Styrene - 0.1000 -
Chlorobenzene - 0.1 -

Benzene - Zero -
Oxamyl - 0.200 -

1,2 dichloropropane - Zero -
o-Dichlorobenzene - 0.600 -
p-Dichlorobenzene - 0.075 -

Ethylbenzene - 0.700 -
Vinyl chloride - 0.002 -

Chloride - 250 -
Glyphosate - 0.700 -

ISI = Indian Standard Institution.

The natural soil processes and water movement that cause a significant amount of
pesticide mobilization—of which was sprayed on crops—generally end up in the environ-
ment. These agrochemicals break down quickly in the environment (e.g., soil, sediment,
water), but some are quite persistent and bio-accumulative, hence, harming water quality
with substantial environmental repercussions [58]. A more thorough understanding of
the impacts of pesticides on drinking water and human health and the ecosystem will be
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possible due to the work being carried out regarding effective real-time pesticide pollution
monitoring [59,60]. In the search for legal pesticide usage and cutting-edge pest control
techniques, the analytical determination of low amounts of pesticides is crucial [61]. These
innovations will assist in both aquatic and agricultural ecosystems by reducing the toxicity
of pesticide discharge into the environment [62].

The findings of the present study show that the CDI of chemicals is higher in all
of the sampling sites and there may be potential negative health risks to humans. The
HQ values of the studied samples are higher for all determined parameters as compared
to the studies conducted in different parts of Pakistan including Sharqpur [29], Hattar
Industrial Estate [63], Gujrat [64], and Haripur Basin [65]. The HI studies for health risks
from heavy metals in northern areas of Pakistan indicated no human health risk concerned
with the potable water quality [28]. Sarvestani and Aghasi [66] compared the cumulative
cancerous risk of metal levels in tap water and bottled water and concluded that the health
risk for both children and adult individuals is greater from tap water use as compared
to bottled water. Similarly, the cancerous disease risk studied in Russia was found to be
3.9 × 10−3 [67]. The values of CDI, HQ, and HI for the ingestion of drinking water in
both adults and children are high, indicating a higher risk of developing chronic diseases.
In 2008, approximately 57 million deaths are caused by cancer alone, as reported by the
WHO [28,31,39].

A recommendation by health and environmental agencies states that people should
flush the taps before consumption for 2 to 3 min [68–70] as it will help lower the contaminant
levels (particularly Pb); however, this will result in wasting about 2000 L of water yearly
per household, which is not feasible as it goes against the country’s water policy for natural
resource management. A suggestion reported in several studies is to avoid using taps
made from a material elevated in potentially toxic metals (e.g., Pb, Cr), and instead use
Pb-free stainless-steel taps that can prevent metal dissolution and availability in the water
plumbing system [68–71]. However, a few studies documented the presence of metals in
water samples, even in situations when Cr and Pb-free taps were used, which is possibly
due to the brass material used in the plumbing system [72].

5. Conclusions

Housing societies developed on agricultural land are at risk due to water contami-
nation. Hence, the use of agricultural land for housing purposes has to be regulated. In
general, the measured water quality parameters and the concentration of pollutants (pH,
EC, TH, Ca, Mg, Cl, and heavy metals contents) were below the EPA Pakistan permissible
limits. However, ninety types of pesticides and other pollutants (plasticizers) were identi-
fied in water samples. The most abundant pollutants detected are plasticizers and various
other unspecified organic contaminants, followed by herbicides, fungicides, acaricides,
insecticides, and various types of plant growth regulators. Samples from Kotli Gondiawali
and the Ajwa City locations were mostly contaminated with pesticide contents, and the
residents of these areas are at risk of health-related problems. It is worth mentioning here
that there are more pesticides and other pollutants (plasticizers) identified in this study than
the typically published problematic pesticides by the WHO and USEPA. This is probably
due to the lack of enforcement of environmental and water quality laws. At present, both
corrective and preventive measures should be taken in the area to control groundwater
contamination. The absence of proper legislation will certainly accelerate groundwater
quality degradation, which would put the lives of our future generations at risk. This study
highlights the importance of further detailed research work to investigate groundwater
abstraction and the recharge rate, trace heavy metal levels, the quantification of pesticide
and plasticizer concentrations, biological aspects concerning the boring depth, and daily
water extraction.
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