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Abstract 

Groundwater contamination is a major threat to people depending on groundwater for their daily 
water supply. The quality of groundwater has degraded due to the release of toxic contaminants in 
groundwater from natural as well as man-made practices, thus resulting in the spread of water-related 
diseases to humans. Thus, this study was planned to assess the groundwater contaminants and their 
associated health effects on the residents of Lahore City, Pakistan. To assess the physicochemical 
properties of groundwater, randomly, 62 samples of groundwater were collected from all over  
the study area. The data showed that the Electrical Conductivity (EC), Total Dissolved Solids (TDS), 
pH, and sulfates exceeded the safe limit of the National Environmental Quality Standards (NEQS), 
and the concentration of heavy metals (lead, chromium, and cadmium) was also much higher than  
the NEQS and World Health Organization (WHO) recommended levels. The multivariate analysis, 
such as Principal Component Analysis (PCA) and cluster analysis, confirmed that toxic heavy 
metals, including lead, chromium, and cadmium, originated from similar sources, such as industrial 
activities in the study area. The results from chronic daily intake, hazard quotient, and cancer risk also 
demonstrated that lead, chromium, and cadmium tested heavy metals showed potential carcinogenic 
and non-carcinogenic risks to children and adults in the study area. Thus, this study concluded that 
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Introduction 

Groundwater is known as a precious asset since the 
economies of the countries in the world are dependent on 
groundwater resources. Water scarcity has impacted >3 
billion individuals in the last 2 decades. A large range of 
toxic chemicals released from anthropogenic activities 
are responsible for the pollution of groundwater systems 
[1]. The release of hazardous pollutants from industrial 
activities, agricultural runoff, and households, including 
toxic heavy metals, is considered the largest contributor 
to groundwater pollution on Earth [2]. The absence of 
proper sanitary options causes these toxic heavy metals 
to be released into groundwater [3]. Heavy metals with 
massive toxicity and carcinogenic effects have been 
examined in previous research works to protect and 
sustain precious groundwater systems [4] as well as 
their human health risks [5].

Long-term interactions with different heavy metals 
through different pathways, for example, cooked food, 
drinking water, and crop irrigation may lead to direct 
or indirect heavy metal accumulation in different parts 
of humans [6], resulting in potential health issues 
including osteoporosis, respiratory diseases, imbalance 
of endocrine glands and dermal issues, hypertension, 
cardiovascular, reproductive, and neurological issues [7]. 

Although heavy metals are known as one of the 
major pollutants in groundwater resources, a few metals, 
including iron and zinc, are regarded as essential metals 
for the health, growth, and development of living 
organisms. In contrast, mercury, lead, and cadmium 
are considered non-essential metals to living organisms 
owing to their potential toxicity [8].

Heavy metal toxicity depends on their concentration 
in various sectors of the environment, and they could 
accumulate significantly in the tissues of living 
organisms and concentrate via the food chain [9]. Heavy 
metals such as lead, chromium, cadmium, and copper 
are a few examples of toxic heavy metals, and if they are 
consumed beyond the allowable limit, they could cause 
serious diseases such as high blood pressure, kidney 
issues, skin problems, and liver cancers. 

Safe drinking water is necessary for human health, 
but nowadays people in Pakistan have very little access 
to safe drinking water, and as a result, people face  
a large number of health-related diseases [10].  
In Pakistan, only 40% of the population drank drinkable 
water either extracted from underground sources or 
rivers, dams, and natural ponds. 

Diarrhea, typhoid, cryptosporidium infection, 
gastro-enteritis, giardiasis, intestinal worms, and 
hepatitis are different diseases associated with drinking 

water in Pakistan. In Pakistan, according to the IUCN, 
60% of infant deaths have been caused by water-borne 
diarrhea [11].

Lahore, being the second-greatest city in Pakistan, 
largely depends on groundwater to fulfill the needs of 
its citizens, but the groundwater level is presently falling 
at a disturbing pace of roughly 0.7 to 0.9 m a year.  
The water table in the city center has gone down by  
40 meters and is expected to fall under 70 meters by 
2025. Uncontrolled urbanization and industrialization 
are causing severe problems for public administration, 
and groundwater is perhaps influenced the most [12].  
It has become difficult for the government to manage 
water supply with the expanding demand. The 
groundwater consumption in Lahore has increased 
greatly, but the quality of groundwater as well as surface 
water has been in danger because of the addition of 
poisonous pollutants from sewerage, industrial effluents, 
and the partial removal of untreated modern effluents 
and rural practices. Untreated modern effluents have 
been disposed of into streams moving through or nearby 
living places. The inhabitants living along the channels 
obtain their drinking water supply from shallow 
siphons introduced close to the channels. From the 
above-mentioned facts, it is evident that more studies 
are required to explore the groundwater quality and 
human health risk assessment in residential areas of 
Lahore, Pakistan. A very high chance of contamination 
of groundwater with heavy metals, primarily due to 
adjacent industrial zones, persists in Lahore. Also, data 
linking groundwater contamination in residential areas 
to industrial activities and resulting human health risks 
from heavy metal contamination in groundwater is 
still lacking. Considering the above facts, the current 
study was planned to (a) analyze groundwater quality 
parameters of residential areas in Lahore, (b) estimate the 
source examination of different heavy metals, including 
cadmium, chromium, and lead using multivariate 
analysis, and (c) assess possible human health risks of 
heavy metals from the intake of groundwater. 

Experimental

Study Area

The study was conducted in various areas of Lahore, 
Pakistan. Lahore is a city located between 31°32’59”N 
and 74°20’37”E (Fig. 1). It is located in the province of 
Punjab in Pakistan. It is the second-largest city in the 
country and is known for its rich history, culture, and 
food. Lahore has a population of over 11 million people 

groundwater is highly contaminated and not fit for human consumption. Future studies are required for 
constant monitoring of groundwater quality and to develop mitigation methods to improve its quality 
on urgent basis.  

Keywords: carcinogenic, health risk, heavy metals, water  
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and is considered the cultural capital of Pakistan. It is 
on the banks of the Ravi River, which flows through 
the city from north to south. The city covers an area of 
approximately 1,017 square kilometers and is situated 
at an elevation of 217 meters above sea level. Lahore 
is bordered by the Indian state of Punjab to the east, 
the Sheikhupura District to the northwest, the Kasur 
District to the south, and the Nankana Sahib District 
to the west. The city is divided into nine administrative 
towns, each of which is further divided into Union 
Councils. The climate of Lahore is characterized by hot 
summers and mild winters, with temperatures ranging 
from a maximum of 45°C in the summer to a minimum 
of 0 °C in the winter. The city experiences monsoon 
rains from July to September, which provide relief 
from the scorching heat of the summer months. Large 
seasonal changes in temperature and precipitation are a 
feature of Lahore. On average, about 575 mm of rainfall 
is reported for Lahore, which ranges from 300 to 1200 
mm. 

Sampling and Sample Pre-Treatment 

Groundwater samples (n = 62) were collected 
from major areas in Lahore, Pakistan (Fig. 1). In most 
areas, groundwater is used for domestic purposes such 
as drinking, cleaning, and bathing. The study area 
also includes sites where groundwater is also used for 
irrigation of crops, and they are adjacent to industries 
as well. For obtaining samples, the tap was opened  
or switched on motor pumps for approximately 5 minutes 
before collection of the water sample in order to get fresh 
water. Water samples obtained from sampling sites were 
saved in polypropylene bottles, which were pre-washed 
with HNO3 (10%) and then carefully washed with 
distilled water (DW). A part of each sample was acidified 
using conc. HNO3 (to avoid precipitation of metal ions) 
for analysis of metal ion concentration, i.e., lead (Pb), 
cadmium (Cd), nickel (Ni), copper (Cu), arsenic (As), 
and chromium (Cr) [13]. Non-acidified water samples 
were employed for the determination of physic-chemical 

Fig. 1. Map of the study area.
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properties, i.e., pH, total dissolved solids (TDS), total 
suspended solids, electrical conductivity (EC), and 
calcium + magnesium ions (Ca + Mg), as well as anions, 
i.e., carbonates (CO3), bicarbonates (HCO3), chlorides 
(Cl-), and sulfates (SO-2

4). All groundwater samples were 
preserved in the refrigerator at a temperature of 4ºC. 

Physiochemical Analysis of a Water Sample

All physico-chemical parameters in this were 
determined through the standards and formula given 
elsewhere [13, 14]. The pH, TDS, and EC of water 
samples were measured using pH/EC/TDS/Salinity 
Meter 372 (Systronics, China). Sulfate and TSS in water 
samples were measured by gravimetric analysis, while 
CO3, HCO3, and Cl- were measured using the titration 
method as described previously [15, 16]. 

Analyses of Heavy Metals 

The concentration of heavy metals such as Pb, Cr, 
Cd, As, Cu, and Ni was estimated in acidified water 
samples using an atomic absorption spectrometer. 

Chemicals and Quality Control

For the analyses of different physico-chemical 
parameters, analytical grade chemicals/reagents were 
employed. All the standards, reagents, and water 
samples were prepared or diluted with DW. Working 
standards solutions were prepared in 5% HNO3 with 
ready-made stock standard solutions of different metals. 
Moreover, double DW was used for instrument cleaning 
at regular intervals to avoid analyte deposition in the 
instrument.

Health Risk Assessment

Health Risk Assessment is a method in which the 
risk estimation is carried out from toxic compounds or 
metals that accumulate over a long period in humans 
through drinking water, breathing air, or contact with 
polluted soil. The health risk assessment of heavy metals 
showing higher concentrations (Pb, Cd, and Cr) was 
calculated.  

The Chronic Daily Intakes (CDIs) in mg kg-1 day-1 of 
Pb, Cd, and Cr through everyday intake of groundwater 
in humans were analyzed using Eq. (1) as described 
below [17]: 

  (1)

where CM  is the heavy metal concentration (mg L-1) 
and DI shows the Daily Intake of water (3.45 L day-1 
for adults while 2 L day-1 for children) [18]. While BW 
represents average Body Weight, which is assumed to be 
73 kg for adults and 32.7 kg for children. 

The hazard quotient (HQ) value owing to a daily 
intake of drinking water contaminated with heavy 
metals was obtained by Eq. (2):

  (2)

where RfD describes Oral reference doses, which were 
0.003 and 0.0005 for Cr and Cd, respectively, in mg kg-

1day-1 [19]. For Pb, no RfD value has been set by USEPA; 
hence, HQ values were not obtained for Pb.

Cancer risk (CR) of exposure to heavy metal 
contaminated water was measured for Pb, Cr, and Cd 
using Eq. (3) [14]: 

  (3)

where CSF represents the Cancer Slope Factor, which is 
the risk from specific heavy metals. The values of CSF 
for Cr are 0.5, while for Pb and Cd, CSF values have not 
been prescribed by USEPA, thus no CR was performed 
for Pb and Cd.

Results and Discussion

Physico-Chemical Analysis

Results of the physico-chemical analysis of 
groundwater samples are presented in Table 1. 
Groundwater samples (n = 62) were found slightly 
alkaline (pH = 7.89) with an average EC of 1360 µS cm-1. 
This EC value was found within the permissible limit 
of the World Health Organization (WHO) (2000 µS 
cm-1) in most of the water samples but higher than  
the Water Recourses Control Board, California  
(900 µS cm-1) [20]. A higher TDS value was noted 
(671.3 mg L-1) as compared to the WHO (≤300 mg L-1) 
recommendation however, considered safe as compared 
to the Pakistan Environmental Protection Agency 
(Pak–EPA) limit (<1000 mg L-1). These parameters are 
indicating the high concentration of dissolved ions in 
collected samples of the study area. Total suspended 
solids (TSS) were also found relatively higher  
(486.226 mg L-1) in water samples (Table 1). This 
could be due to high anthropogenic activities because 
dissolved pollutants can attach to suspended water 
particles and decrease water quality [21].

The mean contents of CO3 (1.381 mg L-1), HCO3 
(4.535 mg L-1), SO4 (5.197 mg L-1) and were found 
within the acceptable limits of the WHO and Pak–EPA. 
However, higher Cl (935.31 mg L-1) contents were found 
in groundwater samples as compared to both WHO 
and Pak-EPA limits (250 mg L-1) (Table 1). The mean 
value of Ca + Mg was 5.76 mg L-1 in the study area.  
This could be attributed to the high dissolution of Cl salts 
from parent rocks and industrial activities (especially in 
the Lahore region) into the groundwater table [21]. 
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smelting, and burning fossil fuels) are responsible for 
Cd increases beyond acceptable limits. The Cd contents 
in our samples were also higher than the permissible 
limit (0.054 mg L-1) as compared to WHO (0.003 mg L-1) 
and Pak–EPA (0.01 mg L-1) permissible limits. 

Arsenic (As) is class (I) carcinogenic [25] in nature 
and widely distributed in the earth’s crust in the form 
of arsenic sulfide, arsenide, and arsenate. About  
150 million people are directly exposed to As poisoning 
(>10 µg L-1) [26]. Our data indicate that the maximum 
As concentration was found to be 37.85 µg L-1 and  
the minimum was 7.55 µg L-1. The average As 
concentration of 62 samples was 25.03 µg L-1, which 
was significantly higher than the WHO limit (10 µg L-1) 
but within the acceptable limit of Pak–EPA (50 µg L-1).

Copper (Cu) is another essential micro-nutrient with 
an average intake of 1-4 mg day-1. The human body 
contains about 100 mg of Cu, but higher doses of Cu 
create certain problems, such as cardiovascular diseases 
and cognitive decline. However, our results show that 
the mean value was 0.016 mg L-1, which is well below 
the permissible limit of WHO and Pak–EPA (2 mg L-1). 

Nickel (Ni) concentration in groundwater is 
influenced by multiple factors such as sampling depth, 
pH level, and soil type. The Ni concentration obtained 
in this study was significantly higher (2.54 mg L-1)  
than the permissible limits (0.02 mg L-1). This could be 
due to Ni waste coming from chemical and industrial 
plants.

Heavy Metals Analysis

Table 1 also describes the descriptive statistics 
analysis of heavy metals (Pb, Cr, Cd, As, Cu, Ni) 
concentration in groundwater samples. Lead (Pb)  
is a toxic substance that poses a risk to human  
health. It is important, as in 2016, it was reported that 
54,000 deaths occurred only due to Pb poisoning [22]. 
A particularly high dose of Pb is toxic to all humans 
(especially young children). The Pb concentration in our 
samples was observed in the range of 0-2.597 mg L-1 

with a mean value of 0.873 mg L-1, which is significantly 
higher than WHO (0.001 mg L-1) and Pak–EPA  
(0.05 mg L-1) limits. The reason for the high Pb level 
in the study area could be from corrosion of Pb-based 
plumbing, paints, dyes, and iron/steel mills. 

Chromium (Cr) is considered an important nutrient 
for its insulin action effect which is attributed to its 
possible role in the metabolism of lipids, carbohydrates, 
and protein. Higher exposure to Cr leads to severe 
effects on the kidney, spleen, and bone marrow. In 
addition, higher exposure to the Cr (VI) dose was 
reported as having carcinogenic effects. It was noted 
that the Cr concentration in our analyzed samples  
was in the range of 0-0.324 mg L-1 with a mean value 
of 0.116 mg L-1. This mean value was well above the 
acceptable limit of WHO and Pak–EPA (0.05 mg L-1), 
which could be due to huge industrial activities [23, 24].

Cadmium (Cd) is present naturally in the earth’s crust 
at a low level, but anthropogenic activities (refining, 

Table 1. Concentration of heavy metals and other groundwater quality parameters and maximum permissible limits set by World Health 
Organization (WHO) and Pakistan Environmental Protection Agency (Pak-EPA).

Parameter Range Mean S.D (±) Median WHO safe limita Pak-EPA safe limitb

pH 7.3-8.9 7.895 0.335 7.85 6.5-8.5 6.5-8.5

EC (µS cm-1) 280-2780 1360 703.858 1135 2000 -

TDS (mg L-1) 150-1360 671.306 343.244 595 ≤300 <1000

TSS (mg L-1) 247-913 486.226 195.448 410 - -

CO3 (mg L-1) 0-3.1 1.381 0.929 1.6 500 -

HCO3 (mg L-1) 2-10 4.535 1.87 4 - -

Cl (mg L-1) 235-2780 935.31 804.205 460.5 250 <250

SO4 (mg L-1) 3-7.5 5.197 1.029 5 500 -

Ca + Mg (mg L-1) 2.5-13 5.76 2.111 5.25 - -

Pb (mg L-1) 0-2.597 0.873 0.736 0.686 0.001 ≤0.05

Cr (mg L-1) 0-0.324 0.116 0.077 0.114 0.05 ≤0.05

Cd (mg L-1) 0-0.162 0.054 0.037 0.052 0.003 0.01

As (µg L-1) 7.55-37.85 25.03 7.21 23.76 10 50

Cu (mg L-1) 0-0.173 0.016 0.029 0.007 2 2

Ni (mg L-1) 1-5 2.542 0.999 2.5 0.02 ≤0.02

a  As per the WHO guidelines for drinking water quality, 2nd edition. Geneva, World Health organization. 2008.  
b As  per  Pakistan  Environmental  Protection  Agency  (Ministry  of  Environment),  Government  of  Pakistan. 2008.
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Multivariate Analysis 

Pearson Correlation Analysis

A correlation matrix of groundwater quality 
parameters and heavy metals in collected samples was 
performed to understand the relationships between 
these key parameters. The critical value (r-value) for 
quality parameters and heavy metals in collected 
analyzed samples was 0.22. Therefore, any value ≥0.22  
was considered to be significant at a p-value ≤0.05 
(Table 2).

In case of quality parameters (TSS, Ca+Mg, CO3, 
HCO3, pH, TDS, EC, SO4, Cl), TSS is positively 
correlated with Ca+Mg (r = 0.346) and HCO3 (r = 0.451). 
Positive correlations of Ca+Mg with TCS (r = 0.346), 
HCO3 (r = 0.465), TDS (r = 0.276), EC (r = 0.294), and 
SO4 (r = 0.266), whereas negatively correlated with CO3 
(-0.33) in groundwater samples were observed. The CO3 
is negatively correlated to Ca+Mg (r = -0.334) and TDS 
(r = -0.265). The HCO3, EC, TDS, SO4, and Cl are also 
positively correlated (r ≥ 0.22) with each other.  On the 
other hand, heavy metals such as As are negatively 
correlated to Pb (r = -0.287) and positively correlated to 
Cr (r = 0.394) (Table 2). A negative correlation of As with 
Pb is possibly due to different sources of this element, 
as Pb primarily comes from anthropogenic activities. 
Chromium is positively correlated with As, as its main 
origin is geogenic [21]. Therefore, the accumulation  
and release of these heavy metals vary for their origin  
in the environment. This positive correlation is attributed 
to common pollution sources in the study area, e.g., 
cement factories, thermal power plants, and the leaching 
of coal fly ash via soil into the drinking water table  
[21].

Principle Component Analysis

The principle component analysis (PCA) is a 
multivariate analysis tool that has been applied 
for the investigation of multiple hydrogeochemical 
parameters, i.e., water groups, redox states, and 
factors affecting quality parameters [26]. Groundwater 
samples were subjected to PCA to understand if there 
was any relationship between heavy metals and other 
groundwater quality parameters (Fig. 2) (Table 3).

Four major principle components (PC–1, PC–2, PC–3, 
and PC–4) affect the water quality in our collected 
sample results, showing 85% variance of the original 
data structure. Bold values in Table 3 indicate that these 
values correspond to each variable that may be attributed 
to the control hydro geochemistry of the selected area. 
In PC–1, TDS, EC, SO4, Cr, pH, and As were major 
contributors, which could be due to high dissolved ions 
in the groundwater. The TSS, Ca+Mg, HCO3, pH, and 
Ni were the major contributors in PC–2. These ions are 
ascribed to the dissolution of CO3 minerals that might 
significantly influence the composition of groundwater 
in the study area. In PC–3 CO3, As, Pb, and pH, are 

the major contributors, whereas Cu, Cd, and Cl are 
the major contributors in PC–4, which might be due to 
common pollution sources (anthropogenic activities) in 
the study area as disused above, e.g., cement factories 
and thermal power table plants [21]. 

The cluster analysis (CA) data is very much related 
to PCA analysis. The CA results assisted in explaining 
the groundwater quality data and suggesting patterns 
of related parameters. In the groundwater of the 
study area, two groups of parameters were reported.  
The dendrogram demonstrated that there are two major 
clusters of elements with almost equal size (Fig. 3).

In CA, similar parameters lie in the same group, 
while dissimilar classes lie in another group. The first 
cluster includes Ca+Mg, HCO3, SO4, pH, TSS, CO3,  
Pb, and Ni, as displayed in Fig. 3, indicating that all 
the above-mentioned parameters originate from similar 
sources, such as natural and mainly industrial activities. 
The second cluster includes As, Cr, Cd, Cu, and 
Cl-, TDS, EC, and SO4 (Fig. 3). It is possible that the 
source of these group parameters may originate from 
parent rock materials as well as urban and industrial 
activities in the study area. Elevated concentrations 
of As, pH, and HCO3

− were caused by the interaction 
of groundwater in the study area with deep aquifer 
sediments, which were saturated with carbonate [27]. 
Moreover, other heavy metals such as Cr, Cd, and Cu 
of this group could originate from natural (parent rock 
material) or anthropogenic sources. Similar results were 
reported in previous research as well, which indicated 
that weathering of rocks and industrial activities in 
urban areas could affect the major ions to underground 
water chemistry [26, 28, 29]. 

Exposure Risk Assessment

Non-Carcinogenic 

The probability of adverse carcinogenic and non-
carcinogenic effects from analyzed groundwater samples 
is shown in Table 4, with special emphasis on adult and 
children’s health risk assessment. It is important to 
mention that all analyzed samples possessed potential 
health concerns for the study area population. 

Non-carcinogenic, chronic daily intake dose 
(CDI) results show the mean value of CDI (Cr) child  
7.09E-03 mg kg-1, CDI (Cr) adult 3.18E-03 mg kg-1,  
CDI (Pb) child 5.34E-02 mg kg-1, CDI (Pb) adult  
2.39E-02 mg kg-1, CDI (Cd) child 3.30E-03 mg kg-1,  
and CDI (Cd) adult 1.48E-03 mg kg-1, respectively,  
which were very high and posed the potential health 
risks to the study area population. In addition, our results 
suggested that children are soft targets for these heavy 
metals in order of Cr>Pb>Cd. Our results correspond to 
previous research [30, 31].   

Heavy metals HQ value was >1.00 both for adults 
and children. If HQ≥1.00, heavy metals (Cr and Cd) 
concentration in groundwater samples may be ascribed 
to potential non-carcinogenic risk. Our results show 
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that the mean value of HQ (Cr) child is 2.36, HQ (Cr) 
adult is 1.06, HQ (Cd) child is 6.61, and HQ (Cd) adult 
is 2.96, respectively. Moreover, the HQ indices of Cr and 
Cd metals were comparable in groundwater reported by 
[32] and in drinking water by [33]. 

Carcinogenic Risk

The carcinogenic risk (CR) index was estimated for 
Cr both for children and adults. Our results indicate 
a higher degree of CR value of Cr for the study area 
population. We found the mean value for Cr–child 

Fig. 2. The PCA of groundwater quality parameters in Lahore, Pakistan.

Table 3.  Principal component analysis of heavy metals and various other water quality attributes for groundwater samples collected from 
Lahore, Pakistan.

 PC-1 PC-2 PC-3 PC-4 PC-5

TSS 0.001 0.409 0.069 0.188 0.041

Ca+Mg 0.137 0.356 0.148 0.004 0.006

CO3 0.128 0.000 0.329 0.043 0.011

HCO3 0.029 0.510 0.095 0.001 0.000

Cu 0.006 0.035 0.001 0.373 0.245

As 0.010 0.211 0.252 0.032 0.195

Ni 0.131 0.217 0.042 0.023 0.027

Pb 0.029 0.082 0.456 0.002 0.147

Cr 0.232 0.210 0.035 0.000 0.143

Cd 0.043 0.001 0.008 0.288 0.206

pH 0.042 0.083 0.203 0.101 0.040

TDS 0.869 0.003 0.018 0.009 0.011

EC 0.895 0.005 0.034 0.001 0.007

SO4 0.725 0.013 0.085 0.022 0.016

Cl 0.246 0.093 0.003 0.324 0.009
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3.55E-03 and Cr–adult 1.59E-03 in the study area. 
Moreover, the CR values exceeded the permissible level 
of US-EPA (10−6 to 10−4) more in children than adults 
(Table 4). This high concentration level is attributed to 
rapid industrialization, dramatic climate change, and 
other economic activities.

Previous studies also suggested that the carcinogenic 
risk from oral exposure to heavy metals is the most 
dominant phenomenon [34]. In addition, this pathway 
was probably regarded as the main pathway for heavy 
metal exposure. Hence, serious consideration should 
be employed in CR phenomena for the local population 
who are directly exposed to these elements through 
drinking water.

Conclusion

In this study, we assessed the concentration of 
physico-chemical parameters and heavy metals in 
groundwater samples (n = 62) of Lahore, Pakistan. 
We found that the concentration of physico-chemical 
parameters (TDS, Cl) and heavy metals (Pb, Cr, Cd, 
As) exceeded WHO permissible limits in groundwater. 
Multivalent analyses (person correlation matrix and 
PCA) were performed to understand the relationship 
between quality and heavy metal parameters. In this 
study, we found comparable levels of Ca+Mg, Cl, SO4, 
CO3, HCO, pH, and heavy metals in the groundwater 
of the study area (Lahore, Pakistan). Owing to high 
concentrations of Cr, Pb, and Cd, high cancer and non-
carcinogenic risks were reported in the study area. As 
compared to adults, children were more prone to health 
problems, possibly due to their lower body weight. 
The non-carcinogenic risk was maximum for Cd in 
children, while the carcinogenic risk was found to be 
higher for Cr in children in the study area. This study 
highlights the importance of human health regarding 
health risks associated with groundwater quality 
parameters and possible exposure to heavy metals 
present in groundwater used for drinking purposes.  
In short, water quality parameters, heavy metal  
analysis with multivariant analysis, and exposure risk 
assessment were performed, and found that prolonged 
exposure to a higher concentration of heavy metals  
in water may lead to serious health hazards to the 
residents. Therefore, future research should be done 
on the mineralogical composition of underground 
sediments to understand the origin of these heavy 
metals and to understand the hydrogeochemistry of the 
study area.   

Parameters Min Max Mean SD Median

CDI (Cr) Child (mg kg-1) 1.83E-04 1.98E-02 7.09E-03 4.71E-03 6.97E-03

CDI (Cr) Adult (mg kg-1) 8.22E-05 8.88E-03 3.18E-03 2.11E-03 3.12E-03

CDI (Pb) Child (mg kg-1) 6.12E-05 1.59E-01 5.34E-02 4.50E-02 4.20E-02

CDI (Pb) Adult (mg kg-1) 2.74E-05 7.12E-02 2.39E-02 2.02E-02 1.88E-02

CDI (Cd) Child (mg kg-1) 1.22E-04 9.91E-03 3.30E-03 2.26E-03 3.18E-03

CDI (Cd) Adult (mg kg-1) 5.48E-05 4.44E-04 1.48E-03 1.01E-03 1.42E-03

HQ (Cr) Child 0.06 6.61 2.36 1.57 2.32

HQ (Cr) Adult 0.03 2.96 1.06 0.70 1.04

HQ (Cd) Child 0.24 19.82 6.61 4.53 6.36

HQ (Cd) Adult 0.11 0.89 2.96 2.03 2.85

Cancer Risk (Cr, Child) 9.17E-05 9.91E-03 3.55E-03 2.35E-03 3.49E-03

Cancer Risk (Cr, Adult) 4.11E-05 4.44E-03 1.59E-03 1.05E-03 1.56E-03

Fig. 3. Cluster Analysis of groundwater quality parameters in 
Lahore, Pakistan. 

Table 4. Summary of potential health risks caused by drinking groundwater containing high concentration of heavy metals, to children 
and adults in Lahore, Pakistan.
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