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Lead (Pb) is a toxic environmental contaminant, which enters water bodies from natural and anthropogenic activities. The present
study investigates the Pb concentration in groundwater sources and evaluates their potential health risks in Palosai area, Peshawar,
Khyber Pakhtunkhwa, Pakistan. Groundwater samples were collected from different groundwater sources in the area where the
human blood samples were from the dependent residents. Pb concentration was analyzed using an atomic absorption
spectrophotometer and compared with the permissible limits set by Pakistan Environmental Protection Agency and World
Health Organization (WHO). The levels of physicochemical parameters were observed within the said safe limits, while the
levels of Pb in different groundwater sources (tube wells and wells) showed a little bit variation. Health risk indicators such as
chronic daily intake (CDI) and hazard quotient (HQ) were calculated for Pb. The calculated value of CDI and HQ for Pb via
groundwater consumption was 0.001mg/kg·day and 2:8E − 02mg/kg·day, respectively; however, the overall HQ values of Pb in
the groundwater were less than 1, indicating no health risk to the local depending community.

1. Introduction

Water is considered an important resource in the environ-
ment [1–3]. Water is an essential constituent of living
beings; life of living beings without water is not possible.
Total bodily water accounts for 60% of an adult human’s
body weight [4]. What is more, water contamination with
heavy metals, for example, zinc (Zn), lead (Pb), nickel (Ni),
manganese (Mn), copper (Cu), chromium (Cr), and
cadmium (Cd), is an overall environmental issue [5, 6]. A
variety of contaminants finds its way to the human body
through different routes such as ingestion, inhalation, or
direct skin contact. Heavy metals enter the human body
through a variety of routes, including drinking contaminated
water, eating contaminated food, and inhaling dust. Human
exposure to heavy metals may be occupational and nonoccu-

pational, living near, or working in an industrial site may
increase human health risk [7]. When heavy metals contam-
inate food and water, they degrade their quality and induce
toxicity [8]. Digestive issues, joint and muscle discomfort,
high blood pressure, concentration and memory issues,
nerve abnormalities, cataracts, and damage to sperm-
producing organs in males are just a few of the damaging
impacts of heavy metals [9, 10].

In both rural and urban areas of the world, the main
source for drinking is groundwater. It is also an essential
water source for the industrial and agricultural sectors.
Lately, aquatic environmental contamination with metals
has pulled in worldwide considerations inferable from its
persistence, abundance, and environmental toxicity. Waste
from anthropogenic activities, for example, agriculture
waste, industrial effluents and urban waste, and additionally
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natural process, for example, mineral weathering, erosion,
and atmospheric deposition, degrade surface and groundwa-
ter and impair their utilization for drinking, industrial,
agricultural or other purposes [11]. The groundwater quality
differs from region to region contingent on the topographi-
cal development. The trace metal concentrations and distri-
bution vary from one place to another relying upon factors,
i.e., hydrogeometry of aquifers, redox potential, geological
location, and pH [12]. Heavy metal carcinogenicity and tox-
icity depends upon the amount of ingestion, individual body
immunity, and duration of exposure [13]. Pb is a possible
human carcinogen and can affect every system and organ
of the human body [7]. Lead (Pb) is one of the most com-
mon elements that occur in the environment and accounts
for about 13mg/kg of the total earth crust [14]. Contamina-
tion of drinking water may be natural or anthropogenic [15],
among the anthropogenic sources, mining, manufacturing,
use of fertilizers, fossil fuel combustion, and industrial activ-
ities [7] are the most common sources of Pb contamination.
Similarly, Pb and its compounds are used to produce ammu-
nition, metal products, batteries, and X-ray shielding
devices. Pb is also used in several products like paints and
gasoline [7]. Pb is a component of the pipes and plumbing
system used in water distribution channels [16]. The con-
centration of Pb in drinking water as a result of dissolution
and leaching from pipelines is affected by pH, hardness,
temperature, dissolved oxygen, and chloride concentration
[17]. There are certain metals, i.e., K, Na, Mg, Ca, Zn, Fe,
Cu, and Co, which are essential for the growth and function
of normal human body. However, many are toxic and non-
essential such as Pb, Ni, As, and Cd which causes health risk
when ingested in sufficient quantity [6, 15].

Globally, environmental researchers have a prime focus
on human health risk assessment associated with drinking
water [18]. Many examinations have researched the heavy
metals occurrence in surface and groundwater. In Bangla-
desh, Frisbie et al. [19] have analyzed toxic elements and
arsenic concentrations in drinking water and results of the
investigation affirmed that drinking water is polluted with
other poisonous and arsenic that may influence human
well-being and additionally the health of the biological com-
munity in Bangladesh. In Jharkhand, India, Giri et al. [20]
have examined in groundwater the content of heavy metals
in the proposed region of two uranium mining areas and
the aftereffects of the examination demonstrated that the
determined concentration of elements was inside the mea-
sures for drinking water of the WHO and Indian measures.
Muhammad et al. [6] investigated heavy metal levels in
drinking water in Kohistan, northern Pakistan, and found
that most heavy metal levels were within the Pak EPA and
WHO acceptable limits. In Jammu and Kashmir, India,
Kumar et al. [21] have determined trace metal concentra-
tions in drinking water and the results of water samples
demonstrated that the metal concentrations were below the
permissible level. Due to the lack of awareness, the general
public thinks that groundwater is safe for drinking and it is
free from contamination; hence, no treatment is required
for groundwater. The present study investigates the assess-
ment of lead concentration in groundwater in the Peshawar.

The potential health risk of the occurrence of lead in
groundwater has also been investigated by determining the
concentration of lead in the blood samples of the inhabitants
of the study area. The exploration work will give a base for
the awareness campaign with respect to the significance of
safe and pure potable water quality.

2. Materials and Methods

2.1. Study Area. The study area is located in district
Peshawar, Khyber Pakhtunkhwa, Pakistan. Its geographical
coordinates are 34° 2′ 29″ North, 71° 29′ 19″ East [22]. In
summer, the mean maximum and minimum temperatures
are over 40°C (104°F) and 25°C (77°F), respectively, while
in winter the mean minimum and maximum temperature
is 4°C (39°F) and 18.35°C (65.03°F), respectively. Unlike
other regions of the country, Palosai is nonmonsoon region.
Canal is the major source of irrigation originated from River
Shalam. The stream water used for irrigation in the periph-
erals of Palosai is highly polluted by the effluents discharged
from Hayatabad industrial zone. The major source of drink-
ing water is groundwater obtained from tube wells, bore
wells, hand pumps, and open wells. The sites for collection
of water and blood samples are shown in the map of the
study area (Figure 1).

2.2. Collection of Water Samples. Groundwater samples
(n = 13) were collected from various sources such as tube
wells (S1 to S8) and open wells (S9 to S13) in clean polythene
bottles using the standard procedure of Khan et al. [9], [10]
and Ilyas et al. [2] for sample collection. Separate bottles
were used for the collection of samples for physicochemical
and Pb analysis. A few drops of nitric acid (HNO3) were
added to the samples for Pb analysis to avoid changes in
the Pb concentration. The samples were transported to the
laboratory for physicochemical and Pb analysis.

2.3. Blood Sampling. Blood samples (n = 40) were collected
from the local volunteers of the area belonging to different
age groups, which included 1–12 years (children), 12–18
years (adolescents), 18–45 years (adults), and above 45
(old) both male and female [23]. Blood samples from all
volunteers were collected upon their permission and the
permission of the local committee was constituted by the
residents. 2mL of blood sample was collected from each
individual in precleaned clean polypropylene tubes, and
the samples were transported to the laboratory in ice cold
conditions [24].

2.4. Instrumental Analysis

2.4.1. Water Samples. Analyses of physiochemical parame-
ters of water samples including pH, electrical conductivity
(EC), dissolved oxygen (DO), and salinity was carried out
at the sample collection site, according to the standard pro-
cedure of Machado and Bordalo [25], using portable instru-
ments (HI9828, Hanna Instruments, Woonsocket, RI, USA).
Alkalinity and chloride (Cl-) concentration was determined by
titration methods using the standard procedure [26]. Concen-
tration of sulphate (SO4

-2) was determined by electrothermal
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atomic ultraviolet spectrophotometer, HACH-2800 [26]. Pb
concentration was determined using atomic absorption
spectrophotometer (Perkins Elmer-650), at the Centralized
Resource Laboratories (CRL), University of Peshawar.

2.4.2. Blood Samples. For the determination of Pb concentra-
tion in blood samples using atomic absorption spectropho-
tometry (Perkins Elmer-650), blood and acid mixtures
were used in different proportions to optimize the method.
Standard reference materials (SRMs, Human blood, Batch
1701-3) were used to check the accuracy and precession of
the analysis. Analytical grade concentrated percholric acid

and nitric acid was used to wet digest 3mL of blood sample.
Briefly, in a conical flask, blood sample of 3mL was put and
then added percholric acid and nitric acid in 1 : 4 ratio. They
were reserved immediately and then warmed at various stan-
dard temperatures on hot plates for obtaining a transparent
solution. Subsequent to cooling, the extracts were separated
and utilized exceedingly purified deionized water for dilu-
tion up to a volume of 100mL [23].

2.5. Questionnaire Survey. A questionnaire survey was
carried out to find the impacts of contaminated water on
public health. The important information collected through
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Figure 1: Location map of the study area showing the sampling sites in Peshawar, Pakistan.

3Adsorption Science & Technology



a questionnaire proforma from the local residents (n = 13)
included their socioeconomic conditions, major diseases,
and water supply source-related information such as source
of water, depth of well, drainage system, pollution sources,
and water treatment facility.

2.6. Health Risk Assessment

2.6.1. Chronic Daily Intake. Heavy metals and other toxic
substances enter our body through various routs including
inhalation, dermal contact, and ingestion; among all these
exposure pathways, oral intake is the most common [7].
The CDI of contaminants through water intake was calcu-
lated using the modified equation of US EPA [27]:

CDI = Cmx Ir
Bw , ð1Þ

where CDI is the chronic daily intake, Cm is the metal con-
centration (mg/L), Ir is the water ingestion rate (2 L/day),
and Bw is the weight of the body (66 kg) [6].

2.6.2. Hazard Quotient (HQ). Human health risk assessment
(HQ) was done using the standard equation reported else-
where [28]

HQ = CDI
RfD , ð2Þ

where RfD represents the oral reference dose. The oral tox-
icity reference dose value (RfD) of Pb is 3:6E − 02mg/kg·day
according to US EPA database [29]. Exposed population is
considered safe when HQ < 1 [6, 28].

2.7. Statistical Analysis. All the data was statistically ana-
lyzed, and for all the result ranges, mean and standard devi-
ations were calculated using Excel 2010 (Microsoft Office).
The location map of the study area was prepared by the
Arc geographic information system (Arc GIS).

3. Results and Discussion

3.1. Physical Parameters. Physiochemical characteristics of
the water samples collected from any source, including
springs, streams, well, and tube well, give a picture of the
quality of water. These parameters can significantly affect
the water quality and have a deep relation with environmen-
tal pollution and associated health hazards [30]. The levels of
various physicochemical parameters of water samples col-
lected from different sources are shown in Figure 2, and their
mean concentrations are given in Table 1. Results indicate
that the value of pH for all samples occurs in the range of
6.98 to 7.57. The minimum pH value of 6.98 was noted for
the sample of tube well, while the maximum value of 7.57
was noted for the sample of open well at Palosai area; the
rest of the samples showed no significant difference in pH
values (Figure 2). It is clear from the data that the pH values
of all the water samples are within the permissible limits
according to WHO and Pak-EPA. These results are in agree-
ment with the findings of Ullah et al. [31]. According to

Hanipha and Hussain et al. [32], pH can be used as a tool
to measure the degree of basicity and acidity of water. Liter-
ature shows that pH does not affect human health but indi-
rectly it can affect human health by conferring better taste to
drinking water [15] and affecting pathogen survival and sol-
ubility of different ions. pH is a good indicator to measure
the degree of pollution of drinking water [33].

The levels of dissolved oxygen (DO) in water in different
samples were found to be ranging between 3.08 and 3.23mg/
L, and the difference among sampling sites for DO was of
slightest significance (Figure 2). The minimum and maxi-
mum values were noted for the tube well samples. The
values of DO were within the permissible limits 8mg/L
[27]. Level of dissolved oxygen of water plays an important
role in supporting aquatic life; it is a main factor in indicat-
ing the freshness of an aquatic system [34].

The EC values for different samples showed great varia-
tion ranging between 152 and 710μS/cm. The maximum
value of EC was observed for the sample collected from the
tube well at Palosai (Sample S6), whereas the lowest value
was noted for the sample of the open well from Palosai
(Figure 2). EC is defined as the measure of the conductance
of the water sample. Since the ability of electrical conduc-
tance depends upon the mobility of ions at a certain temper-
ature, hence, it indicates the concentration of ions in the
water sample. In other words, EC of water gives us an idea
of total dissolved salts [35]. However, the toxicological
effects can be determined from the nature of the ions
through chemical analysis.

The values of salinity were found to be ranging from
below the detection limit (BDL) to as high as 0.02%. The
minimum values noted were for samples of well and tube
well in the area, while the maximum value was also for the
sample of tube well. Values of salinity determined in the
groundwater samples collected from the area show no great
variation (Figure 2). All of the physicochemical parameters
are influenced upon the nature and concentration of dis-
solved minerals, which primarily depends upon the geologi-
cal strata of the area [36]. The above results show that
mostly the water samples collected from tube wells are rich
in dissolved minerals, which is an indication of the fact that
the deep geological strata of the area contain various types of
soluble minerals. The value of physical parameters was in
agreement with the findings of Giammanco et al. [36] and
Neal et al. [37].

3.2. Chemical Parameters. Various chemical parameters
examined for the water samples collected from different
sources of the selected area included alkalinity, hardness,
chloride, sulphate, and total dissolved solids (TDS). The
results of the chemical parameters are graphically presented
in Figure 3, while the mean concentrations of these parame-
ters are shown in Table 2. Results indicated that the values of
alkalinity for water samples collected from various sources
were ranging between 75.3 and 191.45mg/L. The data show
that in the case of water samples collected from tube wells,
the alkalinity was lower, ranging from 75 to 165mg/L, with
a mean value of 120.11, whereas for water samples collected
from open wells the alkalinity was higher ranging from 128
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to 191mg/L with a mean value of 157.3. Among the different
sites, the alkalinity shows a great variation; at S7 and S8, it
has a lower value, while in S11, they show a significant
higher value (Figure 3). The alkalinity represents the acid
neutralizing capacity of the water sample, which depends
upon the concentration of various anionic components of
water, i.e., bicarbonate, sulphate, chloride, and carbonate.
There is no specific guideline for the permissible limits of
alkalinity; however, according to some researchers it is from
50 to 500mg/L [38]. High alkalinity in drinking water may
lead to the formation of kidney stones and irritation of skin
and eyes, besides such water can damage the metallic
pipes [39].

The values of TDS in water samples of various sources
and sites were found to be ranging between 230 and
586mg/L. Higher TDS values were observed for tube well
samples (290-586mg/L) with mean value of 380mg/L,

whereas for the well sample, TDS values were lower (230-
428mg/L) with a mean value of 291.4mg/L. The permissible
limit for TDS is 1000mg/L according to WHO guidelines.
The water samples with TDS levels higher than the permis-
sible limit are harmful for human health causing damage to
kidneys, irritation of gastrointestinal tract, and heart diseases
[40]. Higher TDS in the water system increases the chemical
and biological oxygen demand and ultimately depletes the
dissolved oxygen level in water. TDS of the water sample
represents all dissolved organic and inorganic substances;
these may include sodium, potassium, calcium, magnesium,
manganese, and chloride.

The values of hardness as CaCO3 were ranging between
132.8 and 340mg/L and except two samples where the hard-
ness was higher than 400mg/L. In the case of water samples
from tube wells, the hardness levels ranged between 130.8
and 471mg/L with a mean value of 273.9mg/L, and in the
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Figure 2: Physical parameters of the different water sources in the study area.

Table 1: Mean concentrations of physical parameters in the groundwater samples.

Parameters
Tube wells Wells

Pak-EPAa WHOb

Ranges Mean value Ranges Mean values

pH 6.98-7.54 7.29 7.04-7.57 7.23 6.5-8.5 6.5-8.5

DO (mg/L) 3.08-3.23 3.18 3.18-3.22 3.2 4 4

EC (μs/cm) 175-710 323.75 152-674 398.2 1500 1500

Salinity (%) ∗BDL-0.02 0.005 BDL-0.01 0.006 — —
aPakistan Environmental Protection Agency (2008), bWorld Health Organization (2008). ∗BDL: below detection limit.
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case of water from open well, the hardness values were rang-
ing between 216 and 300.4mg/L with a mean value of
256.88mg/L (Figure 3). The data shows that on overall basis
the hardness level was high in samples collected from open
wells, which are relatively shallow compared to tube wells
in the case of which the hardness level was lower. Hardness

of water is because of the presence of calcium and magne-
sium ions with bicarbonate, chloride, and sulphate. Most
calcium comes in water from lime stone, industrial waste,
and leaching from its minerals in rocks. Hardness of water
causes no major harm to human health but may create
digestive disorders. Results of hardness in the groundwater
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Figure 3: Chemical parameters of different water sources in the study area.

Table 2: Mean concentrations of chemical parameters in the groundwater samples.

Parameters
Tube wells Wells

Pak-EPAa

Ranges Mean values Ranges Mean values

Alkalinity (mg/L as CaCO3) 75.3-165.65 120.11 128-191.45 157.13 500

TDS (mg/L) 290-586 380.75 230-428 291.4 1000

Hardness (mg/L as CaCO3) 132.8-471 273.9 216-300.4 256.88 500

Chloride (mg/L) 13.96-38.75 21.18 9.7-23.96 15.99 250

Sulphate (mg/L) 45-117 76.38 45-130 76.4 1000
aPakistan Environmental Protection Agency (2008).

6 Adsorption Science & Technology



of the selected area were in consistence with the finding of
Ullah et al. [41] at Konhaye Stream, Lower Dir (131mg/L).

The level of chloride in water samples ranged between
9.7 and 38.75mg/L and was within the permissible limits
shown by Pak-EPA (250mg/L). The maximum value of
38.75mg/L and a minimum value of 9.57mg/L were noted
in the sample of tube well and well in the area, respectively.
As for the concentration of chloride is concerned, it shows
significant variation among the samples of various sites,
the highest values were observed at S7 while the lowest value
at S10 (Figure 3). Higher value of chloride is an indicator of
pollution (Rakesh 2012). Chloride concentration in water
increases due to domestic waste and industrial effluents. Soil
permeability and porosity play a key role in building up the
chloride concentration [42]. Chloride values higher than the
acceptable limits harm metallic pipes and agricultural crops.
It can also cause kidney and heart diseases in human [43].
Similarly, the concentration of sulphate was observed to be
in the range of 45 to 130mg/L. The results show that the
water samples of the well contain high sulphate concentra-
tion compared to the tube well in the Palosai area. The high-
est values were observed at S6 and S13 while the lowest value
at S10 (Figure 3).

3.3. Lead Concentration in Groundwater. Lead is a toxic ele-
ment distributed worldwide which is continuously added to
the environment in large amounts as a result of anthropo-
genic activities [44]. The results of Pb concentration deter-
mined in groundwater samples are given in Table 3. The
data shows that in all the water samples collected from tube
wells of different sites, the concentration of lead occurs in
the range of 0.022-0.067mg/L, whereas in the case of sam-
ples of open wells the lead was found to be in the range of
0.004-0.015mg/L. According to WHO and Pak-EPA, the
permissible limit for lead in water is 0.05mg/L; this shows
that in the case of tube wells at few sites, the lead concentra-
tion exceeds the permissible limit. Hence, the water of the
open wells is safe for health whereas that of tube wells poses
a potential health risk due to excess of lead (Figure 4). The
major uses of Pb include radioactive emissions and making
safety shields from X-rays and other radiations. Pb is found
everywhere like other contaminants and can occur as inor-
ganic ions, salts, and metallic lead [45]. Pb has no vital role
in the human body. The most common routes for intake
of Pb include drinking water, food, and air. Plant absorbs
Pb from soil, and thus, Pb enters the food chain and finally
finds its way to the human body. The use of lead-based pot-
tery glazes is also a source of ingestion of lead [46]. Gener-
ally, ingestion accounts for 5 to 15% of lead intake while
20 to 50% through inhalation, whereby inorganic lead is
absorbed [47]. Pb is distributed among mineralizing tissue,
soft tissue, and blood [46]. Pb is the most toxic and hazard-
ous metal found in the environment. Pb toxicity has more
effects on children compared to adults and may cause mem-
ory problems, behavioral disturbances, and anemia. Lead
may also some time cause toxic effects like headache,
hypertension, abdominal pain, irritability, kidney damage,
stomach cancer, lung cancer, and nerve damage [48]. The
present study and some of the earlier studies show that

drinking water sources contaminated chemically and with
other heavy metals are the main causes of health risk to
human [6, 8–10, 15]. In the study area, Pb concentrations
in water were observed lower than those reported in drink-
ing water by Muhammad et al. [6] from the Kohistan region,
Pakistan.

3.4. Distribution of Lead in the Blood Samples. The levels of
Pb in human blood samples from Palosai area were deter-
mined. Pb concentrations (μg/L) in blood samples collected
from peoples of different age groups of Peshawar are given
in Table 4. From Table 4, it is clear that the mean concentra-
tion of Pb in blood samples of children were 0.01μg/L for
both males and females. In adolescent, mean concentration
of Pb was 0.05μg/L in males and 0.03μg/L, in female. In
adults, the mean concentrations of Pb were 0.10μg/L in
males and 0.06μg/L in females. While in old age peoples,
the mean concentration of Pb in blood was 0.16μg/L in
males and 0.10μg/L in females. Overall concentration of
Pb was higher in males compared to female; this may be
attributed to body mass, diet habits, and some other factors
related to the male community. In the study area, Pb con-
centration in blood samples of all the inhabitants was lower
than the permissible levels [49]. However, on the overall
basis, the above results reveal that the Pb concentration in
the blood of old individuals is higher compared to children
and adolescent, and this may be because of the slow accumu-
lation of Pb in the body of old individuals over time. The
cause of the Pb detected in the blood of human in the Palosai
area may be associated to bioaccumulation from consump-
tion of water from the tube well. The value of Pb of Palosai
area determined in blood was in agreement with the result
of Jan et al. [50]. The trace and heavy elements (i.e., Ni,
Cr, Pb, Cu, Co, Fe, and Cd) in the waters of Peshawar area
are within the acceptable concentration but Ni, Fe, Cr, and
Pb concentrations are too high in certain areas which are a
threat to people health. The possible source of contamina-
tions in the area is both geogenic and anthropogenic sources.
Industrial estates waste, underground pipes corrosion, and
tannery industries are the anthropogenic sources, while
ultramafic and mafic rocks in the northeast and northwest
and sulphide seams are the geogenic sources of contamina-
tion [51]. Inam Ullah and Alam [52] collected groundwater
samples from Peshawar in which the Pb and Mn quantities
(2.97 and 8.26mg/L) were high. These concentrations were
high because of lack of awareness, lack of treatment facilities,
lack of regulation of waste disposal, and mismanagement in
the infrastructure of water distribution [52].

The use of plumbing materials and substandard pipes is
one of the professed reasons for Pb contamination in the

Table 3: Lead concentrations (mg/L) in the groundwater samples.

Samples Mean Range SD± aPak-EPA bWHO

Tube wells 0.039 0.022-0.067 0.00
0.05 0.05

Wells 0.004 0.004-0.015 0.01
aPakistan Environmental Protection Agency (2008), bWorld Health
Organization (2008); SD: std. deviation.
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area. Under various climatic conditions, substandard pipes
and uncovered water delivery systems are prone to corro-
sion. Quinn and Sherlock [16] stated that Pb is an essential
part of plumbing materials. Pb in very small concentrations
is found in natural water. Concentrations of Pb occur in
home pipes or water distribution system. Thus, it can be
concluded from the current study that at household levels,
the pollution of Pb concentration is more because the water
carries Pb through other distribution installations and pipes
to the households.

3.5. Chronic Daily Intake (CDI) Indices and Hazard Quotient
(HQ). CDI and HQ values for lead in water samples of both
tube wells and wells were calculated. Results are shown in
Table 5 for groundwater consumption. The CDI and HQ
values of tube wells ranged from 0.01 to 0.002μg/kg·day
and 2:5E − 02 to 5:00E − 02mg/kg·day for Pb, respectively.
However, the CDI and HQ values were negligible for wells.

In the environment, e.g., water, soil, and atmosphere, Pb
is found at various concentrations. Pb is found in food as
residues due to their occurrence in the environment, as a
result of anthropogenic activities such as from contamina-

tion during storage and processing of food, car exhaust,
industry, or farming. Human are exposed to Pb by ingesting
contaminated water or food or from the environment.
Harmful effects are caused over time in the human body
due to their accumulation [53]. Food contains metals such
as Ca, Mg, K, Na, B, Fe, Se, Zn, and Cu. These metals are
required in trace quantities for cellular processes mainte-
nance. Other metals can be harmful found in the body if reg-
ularly consumed in the diet. In the earth’s crust, most of the
metals are found. Other elements and metals as a result of
anthropogenic activities such as agricultural or industrial
processes can enter food or occur in food naturally. Metals
can exist chemically as pure, e.g., Pb or Sn or compounds
formed by the combination of a nonmetallic element with
a metallic element, e.g., chlorine in combination with
sodium giving sodium chloride salt or an oxide giving by
oxygen [54].

Pb, As, Cd, Hg, and Sn cause harmful effects in the body
and are of major concern. Pb and Hg due to high atomic
weight are considered as “heavy metals.” Uranium and chro-
mium are also found in water or food as contaminants and
are potentially toxic. In the workplace, individuals are often
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Figure 4: Pb concentrations of different water sources in the study area.

Table 4: Lead concentrations (μg/L) in the human blood of different age groups of people.

Mean Range SD± Mean Range SD±
Children (male), n = 10 Children (female), n = 10
0.01 0.00-0.06 0.00 0.01 0.00-0.35 0.00

Adolescent (male), n = 10 Adolescent (female), n = 10
0.05 0.00-0.16 0.00 0.03 0.00-0.14 0.00

Adults (male), n = 10 Adults (female), n = 10
0.1 0.00-0.20 0.00 0.06 0.00-0.64 0.00

Old age (male), n = 10 Old age (female), n = 10
0.16 0.00-0.32 0.00 0.1 0.00-0.10 0.00

n: number of samples; SD±: standard deviation.
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exposed to metals such as nickel and beryllium, which causes
harmful effects in their body. The damaging effects of the
latter group of metals are usually associated with metal dust
inhalation, causing injury to the lung, and are not found in
food at concentrations that could cause toxicity [55].

Exposure of children to Pb can affect children’s behavior
and development. Blood having Pb levels 0.1mg/L are asso-
ciated with delayed puberty, postnatal height or growth,
cognitive performance, decreases in hearing, and increased
behavioral effects. Blood having Pb levels less than
0.05mg/L, including decreased academic achievement,
increases in both attention related behaviors and behavioral
problems, and lower IQ scores [56]. A number of health
problems are caused in adults when exposed to Pb. As a
common rule, the more health problems you will have, the
more Pb you have in your body. Blood having high Pb levels
greater than 0.15mg/L are linked with decreased kidney
function, nerve disorders, cardiovascular effects, and fertility
problems, including delayed conception and adverse effects
on semen and sperm, such as lower sperm motility and
counts. Pb levels below 0.1mg/L in blood are associated with
hypertension, decreased kidney function, and incidence of
essential tremor. There is also evidence of decreased kidney
function in adults having a blood Pb levels less than
0.15mg/L. Particularly, pregnant women require being care-
ful about lead. Less than 0.05mg/L of Pb in maternal blood
is associated with reduced fetal growth [57]. Renal system,
nervous system, and blood forming system are most sensi-

tive to lead. Enzymatic systems in children are inhabited
when the Pb levels are from 0.008 to 0.01mg/L [58].

3.6. Questionnaire Survey. The information about the health
problems commonly associated with Pb intake was collected
through a questionnaire survey from the local residents of
the area; summary of the data is presented in Tables 6
and 7. The tables represent two different age groups, i.e.,
age group below 18 years and above 18 years of peoples
of Peshawar. Pb causes different diseases in young and
adult peoples. Pb effect varies in both of these groups; it
affects young children (under eighteen) more compared
to adult peoples (above eighteen). In the study area, the
diseases which were common in young individuals were
learning disabilities and some with hearing damage, while
no such problems were found in young individuals. As far
as the adults were concerned, all had high blood pressure,
muscle and joint pain, digestive problems, and some have
memory and concentration problems. It is clear from the
above table that the diseases caused by Pb were more in
adults compared to young individuals. It is because of
the chronic exposure of young individuals to Pb that accu-
mulate in their body and show late effects on their body.

In the study area, majority of the population has low
income level and they are residing in small villages. The peo-
ple have no excess to pure and clean drinking water. The
major sources from which the locals get their drinking water
are tube well and well; however, the tube wells and their

Table 5: Chronic daily intake (CDI) and hazard quotient (HQ) of Pb through ground water consumption.

Chromic risk assessment
Tube wells Wells

Ranges Mean Ranges Mean

CDIc (mg/kg-day) 0.01-0.002 0.001 BDL BDL

HQd (mg/kg-day) 2:5E − 02 − 5:00E − 02 2:80E − 02 BDL BDL
cChronic daily intake. dHazard quotient.

Table 6: Disease wise representation of different age group below 18 years old.

S.
no.

Family
strength

Under
eighteen

Nervous system and
kidney damage

Learning
disabilities

Speech, language and
behavior problems

Poor muscle
coordination

Decreased muscle
and bone growth

Hearing
damage

1 19 6 No Yes No No No Yes

2 10 5 No No No No No No

3 12 4 No No No No No No

4 9 4 No No No No No No

5 10 3 No No No No No No

6 13 0 No No No No No No

7 12 0 No No No No No No

8 16 6 No Yes No No No No

9 28 5 No Yes No No No No

10 20 7 No Yes No No No No

11 12 4 No Yes No No No No

12 8 3 No Yes No No No No

13 8 3 No Yes No No No No
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ability to provide water to the households are in a very low
quantity because of miss management. Because of the very
low education level and due to lack of awareness, people
are of the opinion that groundwater is safe. Some people
even think that water lying below the gravel (underground
rocks) is free from contamination. Therefore, they do not
feel the need of any type of treatment for their groundwaters.
The majority of the population is of low-income class and
also the government and is not spending much in the field
of safe drinking water provision to the community, and so,
the bad transportation condition of water supply is leading
to so many problems. Ilyas et al. [1] determined the heavy
metals including lead (Pb), chromium (Cr), nickel (Ni),
and zinc (Zn) in drinking water in the selected area of Lower
Dir, Pakistan. The heavy metal results showed that all the
metals were within the permissible limit except Cr
(0.18mg/L) and Pb (0.04mg/L).

4. Conclusion

In this study, the groundwater quality and associated health
risks was carried out in Palosai area, Peshawar, Khyber
Pakhtunkhwa, Pakistan. The groundwater samples were ana-
lyzed for physicochemical parameters based on standard
guidelines. Results revealed that the physiochemical parame-
ters were within the permissible limits. Pb result shows that
in the case of tube wells at few sites the lead concentration
exceeds the permissible limits. It can be concluded from the
current study that consumption of groundwater increases
the concentration of lead in the blood of human. However,
the overall HQ values of Pb in the groundwater were less than
1, indicating no health risk to the local depending community.

5. Recommendations

Provision of clean and safe water for domestic purposes,
banning of water from contaminated sites, treatment of rural

and wastewater, and good transportation condition of drink-
ing water supply in the study area are recommended.
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