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Abstract
Globally, a large number of school-aged children is suffering from water-borne diseases, particularly in low-income countries.
Arsenic (As) is a hazardous and potentially carcinogenic metal(loid) in drinking water. Nowadays, alarming levels of As have
been reported in the groundwater of Vehari District, Punjab Pakistan. In this study, drinking water supplies for high and higher
secondary schools were examined in Vehari District. A total of 164 water samples were collected from schools and subjected to
heavy metal(loid) analysis (As) and basic water physicochemical parameters. The results were analyzed with respect to sampling
area, school type, school education level, sources of sample collection, and the depth of the source. The results revealed that As
concentration of water samples in boys’ and girls’ schools was 12.8 μg/L and 9.2 μg/L, respectively. However, when the As
concentration in drinking water was evaluated at the school education level, a notable higher concentration of As was observed in
the higher secondary schools than the high schools with an average of 19.5 and 9.7 μg/L, respectively. The risk assessment
indices were calculated based on education level and different age groups of the children (primary, elementary, high, and higher
secondary). High carcinogenic (cancer risk = 0.001) and non-carcinogenic (hazard quotient = 2.0) risks were noted for the
children in higher secondary school. The current findings anticipated that the drinking water of schools in Vehari District did
not meet the requirement of the World Health Organization (WHO) drinking water quality guidelines. Safe drinking water is
crucial for the development and growth of children. Therefore, it is important for educational authorities to take steps for
provision of As free safe drinking water to students and local inhabitants.
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Introduction

Arsenic (As), a naturally occurring element, is well-known for
its high toxicity and carcinogenicity (Altundoğan et al. 2000;
Asmel et al. 2017; Zhang et al. 2013). Groundwater contam-
ination by As is a global concern and threatens the health and
life of millions of people, particularly in the densely populated
areas (Fakhri et al. 2018). More than 100 million people
worldwide ingest an excessive amount of As through contam-
inated water from natural resources (Natasha et al. 2020). In
Asia, millions of people consume As-contaminated ground-
water and use it for irrigation as well as for domestic purposes
(Mondal et al. 2013; Shahid et al. 2018b; Shakoor et al. 2015).
Some countries have lower As level in groundwater (<
10 μg/L), but many countries such as Bangladesh (Islam
et al. 2019), China (Zhang et al. 2019), Egypt (Embaby and
Redwan 2019), India (Bhattacharya et al. 2007), Indonesia
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(Rochaddi et al. 2019), Nepal (Mueller and Hug 2018), and
the Philippines (Canencia and Walag 2016) have higher As
concentration (> 50 μg/L) in their groundwater aquifers.

Arsenic presence in shallow aquifers is widely attributed to
the reductive dissolution of arsenic-bearing minerals (Ali et al.
2018; Feng et al. 2018; Hernández-Flores et al. 2018). Arsenic
naturally exists in > 200 different minerals (Çiftçi and Henden
2015). Arsenic is also released into the aquifers during the
anthropogenic activities such as mining and smelting of
metals, industrial waste discharge, fertilizers, agricultural ac-
tivities, and wastewater irrigation (Asmel et al. 2017;
Hernández-Flores et al. 2018).

Recent research on As contamination in Pakistan, particu-
larly in the groundwater, has highlighted the serious situation
of As contamination in the country, notably in the area that
adjoins the Indus River and its tributaries (Natasha et al. 2020;
Nickson et al. 2005; Rabbani et al. 2017). Approximately,
70% of groundwater and surface water reserves in Pakistan
are contaminated with biological, organic, and inorganic con-
taminants (Shahid et al. 2018b; Shams et al. 2018). Current
scenario of As contamination of the drinking water in Pakistan
showed that almost 47 million people in Pakistan are living in
the areas having > 50% of the well water containing As >
10 μg/L (Shahid et al. 2018b) and 17% exceeded 50 μg/L
(Fatima et al. 2018). Only 26% of the people of Pakistan have
access to clean water supplies (As < 10 μg/L) (Memon et al.
2011). The hazard and risk maps of As content from 1187
groundwater samples from Pakistan indicated that Indus
Basin has elevated As contamination (Podgorski et al.
2017). The high As level might be attributed to oxidative
desorption with a rise in evaporative concentration process
with other physicochemical parameters (Fatima et al. 2018).

Drinking As-contaminated water may induce toxic effects
on human health and has been reported globally, particularly
in Asian countries (Rahman et al. 2009). Smith et al. (2002)
reported that the risk of cancer due to As contamination is ~
0.7 per 100 people, whereas for other carcinogens, it ranges
from 0.001 to 0.012 per 100 people (US-EPA 2010). Chronic
exposure to As from drinking As-contaminated water can lead
to non-carcinogenic risk such as liver damage, kidney, cancer,
neurological disorders, skin lesions, and stomach problems
and in severe cases may also cause death (Wang et al. 2014;
Yu et al. 2013).

Literature shows that Vehari District and its adjoining areas
remained under consideration of researchers owing to the high
As content in the groundwater. Many studies have been con-
ducted to explore the groundwater contamination with As in
Vehari District with respect to different areas such as rural and
urban areas (Shahid et al. 2017), peri-urban areas (Shah et al.
2019), rivers (Fatima et al. 2018), and health facilities
(Murtaza et al. 2019b). The facility of safe drinking water in
schools greatly contributes to the awareness of the right to
education. The learning ability of children can be restrained

if the school’s authorities do not provide access to safe drink-
ing water. Hence, it is an urgent need, especially for the de-
veloping country to ensure safe drinking water for the children
and the future of the nation. Previously in Pakistan, Gul et al.
(2019) evaluated the As contamination of drinking water in
high schools of Multan, Pakistan. To the best of our knowl-
edge, no such study has been conducted to estimate the water
contamination status and As levels in the drinking water of
schools in Vehari District.

In this study, the drinking water from high and higher sec-
ondary schools of Vehari District was monitored to ensure
safe drinking water for school children. The As contamination
of the drinking water of schools along with other water quality
parameters was revealed. The As data was subjected to health
risk assessment of children at different education levels and
was compared with the drinking water standards. The findings
of this study will stimulate the educational authorities to en-
sure the availability of As free and safe drinking water to
students and local inhabitants.

Material and methods

Description of the study area

Vehari is a part of Nili Bar, situated at latitude 29.9719°N,
longitude 72.4258°E, and covers approximately 4364 km2.
Vehari District consists of three tehsils, namely, Vehari,
Mailsi, and Burewala (Fig. 1). In the last few decades, with
the rapid urbanization and increase in agricultural activities in
the district, the demand for water has increased manifold.
Since the groundwater is the most dynamic natural resource
for water supply, it has been extensively exploited, and the
whole groundwater regime in the area has been affected.

Unconsolidated alluvial sediments form the major aquifers
in the area. It was reported that the underlying sedimentary
complex has been previously developed by the tributaries of
the Indus River and is approximately 400 m thick. The sedi-
mentary complex contains quartz, muscovite, and some per-
centage of heavy minerals. The nearby rivers such as Sutlej
and Chenab are considered possible sources of aquifer re-
charge (Shahid et al. 2017). The climate of Vehari is hot, arid
and receives < 125 mm of annual rainfall.

Groundwater sampling and preservation

The drinking water samples were collected from 164 second-
ary and higher secondary schools from the three tehsils cov-
ering the whole school systems of the study area. The water
samples were collected from different sources (electric pumps,
turbines, hand pumps, and water from filters) ranging in depth
from 30 to 92 m. All of the water samples were collected with
their coordinates (latitude and longitude), and their locations
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are shown in Fig. 1. Two samples were taken from each sam-
pling point in properly labeled high-density polyethylene bot-
tles. Prior to sampling, each sampling source was pumped for
10 min until it purged out approximately twice the well vol-
ume to ensure a steady chemical composition at a given loca-
tion. Before sampling, the bottles were washed with dilute
acid followed by tap water and finally rinsed several times
with deionized (DI) water (Ryan et al. 2007). All the samples
were immediately brought to the laboratory and stored at 4 °C
in dark and dry conditions. All the water samples were filtered
through Whatman filter paper 42 prior to analysis.

One replication was used for As content measurement anal-
ysis by stabilizing pH < 2 using concentrated nitric acid
(HNO3) to prevent possible metal(loid) precipitation. The oth-
er replication was used for physicochemical and biological
analysis without using any preservative.

Analytical procedures

In this study, samples were analyzed physically, chemically,
and biologically. All the glassware was washed with 10%
HNO3 and rinsed with deionized water (DI) to avoid
contamination.

Physicochemical analysis of water samples

The water samples were analyzed for various physicochemi-
cal parameters at District Water Testing Laboratory and
COMSATS University Islamabad, Vehari, campus. The ana-
lyzed indices for water quality included calcium (Ca2+), mag-
nesium (Mg2+), carbonates (CO3

2−), bicarbonate (HCO3
−),

chloride (Cl−), nitrate (NO3
−), nitrite (NO2

−), fluoride (F),
pH, electrical conductivity (EC), total dissolved solids
(TDS), total hardness (TH), turbidity, and trace elements such
as As and Fe. The pH, EC, and TDS were measured at sam-
pling site using their respective meters, while all other param-
eters were measured using the ICARDA manual (Ryan et al.
2007).

Determination of arsenic and iron content in water
samples

The As analysis was carried out using atomic absorption spec-
trometer with hydride generation (AAS-HG) (PerkinElmer
Atomic Absorption Spectrometer PinAAcle 900F), where ar-
gon with a flow rate of 0.3 L min−1 was used as a carrier gas
and the data was recorded at an analytical wavelength of
193.7 nm. At first, the calibration curve was made using the
As standard solutions of different concentrations of the certi-
fied reference materials. The electrodeless discharge lamp
(EDL) was used for atomic absorption. For the As determina-
tion, 3% NaBH4 and 1.5% HCl solutions were used. For qual-
ity assurance, 10 mL calibration volume of 1.5% HCl was
used as a blank. The samples and blank were prepared in the
same way and diluted with 1.5% HCl where needed.

The Fe content in the water samples was measured using a
direct flame (air-acetylene) by using atomic absorption spec-
trophotometer (AAS) (PerkinElmer Atomic Absorption
Spectrometer PinAAcle 900F) at the analytical wavelength
of 372.0 nm. The AAS was calibrated with standards of Fe
reference material before use. A non-contaminated water sam-
ple (DI water) was used as a blank for quality assurance.

Fig. 1 GIS map highlighting the
sampling locations in the study
area (high and higher secondary
schools) in three tehsils of Vehari
District
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Additionally, the readings were replicated thrice for each sam-
ple by AAS.

Microbiological determination

The microbial contamination was determined by total coli-
form. The bacteria were quantified by membrane filtration.
Ampouled m-Endo Broth (2 mL) media was used for total
coliform which grows as colorless to pink colonies. About
100 mL of the drinking water sample was filtered with
0.45-μm pore size membrane filter (Millipore, MA, USA).
The membranes were then placed on solid media for each
bacterium. Every enumeration of bacteria and total coliform
was obtained at 35 ± 2 °C, and growth was examined at 18–
24 h (APHA 2001, 2005).

Human health risk assessment for arsenic

In order to better understand the critical exposure concentra-
tions of As to school children, it is highly practical to estimate
the potential human health risk for children. In this study, the
data used for risk assessment was separated with respect to
education level of the children in schools of different age
groups (primary, 4–9 years; elementary, 10–12 years; high,
13–15; higher secondary, 16–18 years), exposure duration in
terms of years, and average body weight of the children (US-
EPA 2015). All the parameters used for the risk assessment
have been described in Supplementary Table 1.

Average daily dose (ADD)

The ADD of As via drinking water of Vehari District was
estimated using Equation (1) (Ali et al. 2019; Shah et al.
2019; Tabassum et al. 2018):

ADD ¼ C � IR� EF � ED
AT � BW

ð1Þ

where C indicates the As concentration (mg/L) in water sam-
ples; IR represents the ingestion rate of water per day (L/day)
which was 1.18, 1.55, 1.83, and 2.06 L/day at primary, ele-
mentary, high, and higher secondary level, respectively; ED
specifies the exposure duration for water (primary level,
6 years; elementary level, 3 years; high level, 3 years; higher
secondary level, 3 years); EF shows water exposure frequency
(365 days/year); and BW is used for body weight (primary
level, 24.1 kg; elementary level, 41.3 kg; high level,
59.7 kg; higher secondary level, 65.6 kg), while AT signifies
average life expectancy (days). All of the data regarding con-
sumption, body weight, and exposure of children regarding
age groups was obtained from US-EPA (2005b).

Calculation of hazard quotient (HQ)

The HQ of groundwater samples due to the presence of As
was estimated using Equation (2) (Antoniadis et al. 2019;
Shah et al. 2019):

HQ ¼ ADD
RfD

ð2Þ

where RfD indicates the oral reference dose of As
(0.0003 mg kg−1 day−1) (US-EPA 2005a). Water samples
with HQ values < 1 are considered safe for drinking purpose
(Dadar et al. 2017; Razzaghi et al. 2018).

Cancer risk (CR) assessment

The CRwas estimated according to US-EPA (2005a) by using
Equation (3).

CR ¼ ADD� CSF ð3Þ

where CSF indicates cancer slope factor for heavy metals.
The CSF used for calculat ing heal th r isk is 1.5
(mg kg−1 day−1)−1 (US-EPA 2005a). If CR is > 0.0001, ex-
posed population will be at considerable cancer risk (Rahmani
et al. 2018).

Principal component analysis

The characteristics of all the groundwater samples were sub-
jected to principal component analysis (PCA) to understand
the correlations between As contents and physicochemical
properties of water samples. Multivariate statistical techniques
(PCA, factor analysis, and cluster) were considered useful
tools to develop a correlation and identify the key factors
contributing to the data structure. These techniques have been
widely used previously in a number of studies (Natasha et al.
2018; Shah et al. 2019; Tabassum et al. 2018).

Spatial analysis

The inverse distance weighted (IDW) method of Arc. GIS
(Version 10.4.1) was used for spatial analysis of As distribu-
tion. The IDW interpolation estimates unknown values with
specific distance on the basis of closest points.

Results and discussion

Arsenic contamination status of groundwater

Figure 2a and b show variation in drinking water As concen-
tration with respect to school type and school level. The mean
As concentration in the water samples of schools of Vehari
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District was 11 μg/L, slight higher than the WHO recom-
mended permissible level of As in drinking water (10 μg/L).
The As concentration of water samples in boys’ schools was
12.8 μg/L; however, the girls’ schools showed low As con-
centration (9.2 μg/L) in the drinking water. Similar results of
As level in groundwater (9 μg/L) have been reported by
Tabassum et al. (2019) in Hasilpur (a tehsil adjacent to
Vehari District).

In contrast, when the As concentration in drinking water
was evaluated on the school education level, a notable higher
concentration of As was observed in the higher secondary
schools than the high schools with an average of 19.5 and
9.7 μg/L, respectively. Among all, the maximum As concen-
tration (100 μg/L) was observed in the girls’ high school
which was beyond the Pakistan drinking standard guideline
(50 μg/L) and has been declared unfit for the children. When
As concentration in these schools was evaluated at tehsil level,
remarkable variation was observed with a mean As concen-
trations of 12.7, 15.1, and 6.6 μg/L, respectively, in Tehsil
Vehari, Mailsi, and Burewala (Fig. 2).

Arsenic concentration also varies with respect to source
and depth of the collected water samples (Fig. 3).
Comparison of As concentration in drinking water in terms
of sampling depth showed that the average As remained <
10 μg/L except for the samples collected at a depth of ≤ 100 ft
showing the mean As concentration of 13 μg/L. Among the
sampling sources, it was strangely noticed that the water sam-
ples collected from water supplies and filter water contained

high As contents (17 μg/L) compared with the samples from
electric pumps (10 μg/L) and turbines (11 μg/L). However,
only one school used hand pump extracted water for drinking
purpose which showed the maximum As concentration of
50 μg/L. Some previous studies in Vehari also reported vari-
ation in As level with respect to sampling source and depth
(Murtaza et al. 2019a; Shahid et al. 2017; Tabassum et al.
2019).

Magnitude of water samples exceeding their
respective thresholds

The As content of the collected drinking water samples was
compared with the permissible limits proposed by different
environmental agencies: 5 μg/L (DEP-NJ), 10 μg/L (WHO),
and 50 μg/L (Pak-EPA). The percentage of water samples
with respect to school types, school level, source, depth, and
tehsils exceeding the permissible limits is presented in
Table 1. From the gender perspective, 99% of the water sam-
ples from both girls’ and boys’ school were fit for drinking
purpose having As concentration of < 50 μg/L. However,
when compared with the permissible limits of the WHO and
DEP-NJ, 17% and 33% of the water samples from girls’
school were unfit for drinking, respectively, while 44% and
28% water samples were unfit from boys’ schools having
concentration of > 5 μg/L and 10 μg/L, respectively. For high
schools, 34% samples have As contents of ≥ 5 μg/L, 18%
samples have As contents of ≥ 10 μg/L, and only 1% samples
have As contents of ≥ 50 μg/L. In higher secondary schools,
65% of samples contained As contents of ≥ 5 μg/L and 52%
of samples showed As level of ≥ 10 μg/L, while none of the
samples has As concentration of ≥ 50 μg/L. Recently, Shah
et al. (2019) revealed that the As level was higher in 85%,
83%, and 42% of water samples compared with safe limits of
the DEP-NJ, WHO, and Pak-EPA, respectively.

At tehsil level, 36%, 50%, and 31% of water samples from
Tehsil Vehari, Mailsi, and Burewala, respectively, showed As
content higher than the permissible limit of 5 μg/L (DEP-NJ).
However, the water samples from the three tehsils showed
24%, 33%, and 12% higher As content than the WHO thresh-
old limit (10 μg/L). Interestingly, only 4% of the water
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samples from Tehsil Vehari exceeded the threshold value of
50 μg/L, while none of the samples from Tehsil Burewala and
Mailsi had As concentration of > 50 μg/L.

The As content in water samples of schools was also
evaluated as function of sampling source and depth with
the permissible limits (Table 1). It was found that 40%,
22%, and 1% of the water samples from electric pump
showed As concentration higher than the limits of
5 μg/L, 10 μg/L, and 50 μg/L, respectively. About
30% of the water samples collected from the turbines
have higher As concentration than 5 μg/L and 10 μg/L
limits. However, none of the samples have As concen-
tration higher than 50 μg/L. It was noticed that 71%,
86%, and 86% of the filter water samples showed high
As concentration when compared with the limits of the
DEP-NJ, WHO, and Pak-EPA, respectively. Only one
water sample was extracted from hand pump, and the
As concentration in this sample was <5 μg/L. None of
the water samples collected from a depth of > 300 ft
showed As concentration higher than the permissible
limit. The concentration of As in water samples collect-
ed at a depth of < 100 ft showed that the As concen-
tration is higher than the limits of the DEP-NJ, WHO,
and Pak-EPA, respectively, by 42%, 29%, and 2%. The
samples collected from the depth of 101–300 ft had As
concentration of > 5 μg/L and 10 μg/L by 39% and
22%, respectively (Table 1).

Comparison with previous studies

In the recent past, As distribution in soil and water sys-
tems has gained significant attention of the researchers,
policy makers, and the environmental organizations due
to its high carcinogenic and persistent nature (Natasha
et al. 2020; Shahid et al. 2018b). Recently, Natasha
et al. (2020) reported that about 50–60 million habitants
of Pakistan are drinking As-rich water and are at serious
risk of As poisoning. Kazi et al. (2009) reported that in
Sindh province of Pakistan, 61–73% of the population has
been suffering from chronic As toxicity.

Several studies have evaluated the groundwater As con-
tamination status of Vehari District, Pakistan. However, no
study has been yet reported the drinking water contamination
status of schools in the study area. In this study, we have
collected and compared the As contamination of drinking wa-
ter in schools on a broad level (internationally) and the
groundwater contamination of the area at a local level
(Vehari District) (Table 2, Supplementary Table 2).

This study first time identified the As contamination level
in groundwater of high and higher secondary schools of
Vehari Dist r ic t and it was found that the water
samples exceeded the WHO safe limit. Some of the previous
studies have reported the high As contamination of drinking
water of the schools, globally (Table 2). The results indicated
that As contamination in groundwater is a local, national, and

Table 1 Magnitude of water
samples (%) exceeding As limit
set by the WHO, Pak-EPA, and
Department of Environmental
Protection for New Jersey (DEP-
NJ)

As concentration 5 μg/L (DEP-NJ) 10 μg/L (WHO) 50 μg/L (Pak-EPA)

Fit (%) Unfit (%) Fit (%) Unfit (%) Fit (%) Unfit (%)

School type

Girls school (n = 82) 67 33 83 17 99 1

Boys school (n = 82) 56 44 72 28 99 1

School level

High (n = 141) 66 34 82 18 99 1

Higher sec (n = 23) 35 65 48 52 100 0

Tehsil

Vehari (n = 45) 64 36 76 24 96 4

Mailsi (n = 54) 50 50 67 33 100 0

Burewala (n = 65) 69 31 88 12 100 0

Sampling source

Motor pump (n = 146) 60 40 78 22 99 1

Turbine (n = 10) 70 30 70 30 100 0

Hand pump (n = 1) 100 0 100 0 100 0

Filter water (n = 7) 29 71 14 86 14 86

Sampling depth (ft)

100 (n = 68) 58 42 71 29 98 2

101–300 (n = 92) 61 39 78 22 100 0

> 300 (n = 4) 100 0 100 0 100 0

30535Environ Sci Pollut Res  (2020) 27:30530–30541



global health problem. The CR associated with the ingestion
of As-contaminated drinking water is also highlighted in
Table 2 showing a range of 0.0–0.012.

Exposure assessment

A thorough understanding of As contamination of drinking
water of schools is fundamental to estimate the children health
risk and its possible impact on their education and learning
abilities. Arsenic enters the human body through several path-
ways including oral intake, inhalation, and dermal contact, but
oral intake via ingestion is the most common pathway
(Natasha et al. 2020; Shah et al. 2019). Currently, risk assess-
ment is highly notable due to increased awareness of ecotox-
icology and associated health hazards among the local com-
munity (Li et al. 2018; Mandal et al. 2019; Natasha et al.
2020). In this regard, environmental organizations have be-
come more concerned about ecotoxicology, food and water
security, and health risks associated with As. In this study,
carcinogenic and non-carcinogenic risk was calculated to trace
out possible transfer of As and predict possible health hazards
to the school children due to the ingestion of As-contaminated
water.

Arsenic health risk assessment in drinking water of schools
was evaluated in terms of education level and age groups.
Four education levels are common in the study area, namely,
primary, elementary, high, and higher secondary. The carci-
nogenic and non-carcinogenic assessment was calculated on
the basis of exposure duration of the children at each level.

The values of ADD were 0.0005, 0.0004, 0.0003, and
0.0006, respectively, for primary, elementary, high, and
higher secondary school education level (Table 3).
Moreover, the HQ values remained > 1 for all the education
levels (1.1–2.0). The cancer risk assessment indices indicated
high cancer risk for all of the students at every level due to
high As contamination of the drinking water. The maximum
CR was observed for the higher secondary school due to the
long-term exposure to As. Among the four education levels,
the carcinogenic and non-carcinogenic high risk was observed
for the children in higher secondary standards owing to the

longest duration of their exposure. The order of risk was
Higher sec. > Primary > Elementary > High schools
(Table 3). Previously, many studies have highlighted the car-
cinogenic and non-carcinogenic risk due to the ingestion of
As-contaminated drinking water in the study area (Shahid
et al. 2017, 2018a). However, none of the studies indicated
the risk to the school children and its impact on their nourish-
ment and education.

Hydrogeochemistry of the study area

The values of physicochemical parameters of water samples
were evaluated with respect to school type, school level, and
area (Table 4, Supplementary Table 3). All the physicochem-
ical parameters were compared with the threshold values of
the WHO, and the results are presented in Supplementary
Table 5.

The pH values of the water samples ranged between 6.7
and 7.98, and none of the water samples has pH value greater
than permissible limit of the WHO (6.5–8.5). There was a
slight variation in pH value in the water samples of girls’
and boys’ school as well as from high and higher secondary
schools. The EC value of all the samples ranged between 300
and 4340 μS/cm. It was seen that 12%, 19%, 22%, and 9%
water samples from girls, boys, high, and higher secondary
school have EC >WHO limit value of 2000 μS/cm. The EC
and TDS values are function of soluble salts and ions. About
21% of the water samples from girls’ and boys’ school have
TDS value > WHO limit (1000 mg/L). Moreover, the
TDS evaluation on school level basis showed that TDS value
of the water samples was 39% and 26% higher than the limit
value for high and higher secondary school, respectively.

The HCO3 concentration in water samples was 11%, 15%,
17%, and 20% higher than the WHO limit of 500 mg/L in
girls, boys, high, and higher secondary school, respectively.
The Ca concentration in the water samples ranged between
0.36 and 400 mg/L. The value of Ca in water samples should
be less than 200 mg/L (WHO). Only 1% of the water samples
from girls’ and boys’ school showed Ca higher than the limit
value, while 13% and 7% of the water samples from high and

Table 2 Studies highlighting As
concentration in drinking water of
schools

School type As conc. (μg/L) CR Area Source Reference

High 62.88 0.0003 Pakistan Electric pumps (Gul et al. 2019)

Elementary 9.88 0.0006 Maine Electric pumps (Wasserman et al., 2014)

Elementary 0.5 0.000 Texas Electric pumps (Del Rio et al., 2017)

Primary 97 0.0071 India Tube wells (Sarkar et al., 2016)

Secondary 300–500 0.0078 Cambodia - (Vibol et al., 2015)

High 139.2 0.064 Bangladesh Tube wells (Karim et al., 2019)

Primary 167.9 0.0123 Bangladesh Tube wells (Rahman and Hashem, 2019)

Primary 54.98 0.0040 Bangladesh Tube wells (Rahman et al., 2016)

30536 Environ Sci Pollut Res  (2020) 27:30530–30541



higher secondary schools were higher in Ca concentration
than 200 mg/L. The limit value of Mg set by the WHO is

150 mg/L. It was observed that none of the water samples
showed Mg concentration higher than 150 mg/L.

Table 4 Physicochemical parameters of water samples collected from schools of three tehsils of Vehari District

Parameters Statistics Schools type School level Tehsil

Girls Boys High Higher Sec. Vehari Mailsi Burewala

Turbidity Range 0.09–16.5 0.05–33.1 0.05–33.1 0.08–15.2 0.11–33 0.08–16.15 0.05–16.5

Mean ± SD 2.24 ± 3.38 3.42 ± 5.3 2.8 ± 4.47 2.9 ± 4.3 4.7 ± 6.2 2.06 ± 3.02 2.32 ± 3.7

pH Range 6.7–7.98 6.7–7.96 6.7–7.98 6.7–7.95 6.8–7.9 6.7–7.95 6.7–7.9

Mean ± SD 7.34 ± 0.26 7.3 ± 0.30 7.3 ± 0.28 7.27 ± 0.29 7.36 ± 0.27 7.28 ± 0.29 7.3 ± 0.27

EC (μS/cm) Range 300–4340 340–3620 300–4340 520–4130 390–2550 340–4340 300–4340

Mean ± SD 1245.1 ± 806.3 1172.5–661.2 1177 ± 704.9 1421 ± 939.6 1170.7 ± 535.9 1430 ± 868.5 1051 ± 699.7

TDS (mg/L) Range 192–2769 239–2316 192–2778 339–2643 249–1632 339–2778 192–2777

Mean ± SD 797.7 ± 515.1 761 ± 419 758 ± 449.4 923 ± 591 748.9 ± 343 932.8 ± 542.7 673.2 ± 449.1

TH (mg/L) Range 76–740 149–1304 76–1304 199–808 137–560 127–1304 76–766

Mean ± SD 360.1 ± 139.9 390 ± 173 363 ± 158.3 445.9 ± 164.6 351.8 ± 108.5 428.3 ± 201.2 347 ± 134.9

HCO3
− (mg/L) Range 40–870 72–736 40–870 83–650 83–726 150–870 40–710

Mean ± SD 360 ± 140 340 ± 148 335 ± 155 337 ± 165 315 ± 171 379 ± 149 308 ± 145

Ca (mg/L) Range 8.80–318.8 0.36–400 0.36–400 33.6–318.8 21.6–133.6 13–400 0.36–180.8

Mean ± SD 63.9 ± 39.5 73.4 ± 54.5 65 ± 42.5 91.2 ± 68.9 64.72 ± 39.53 86.3 ± 68.9 57.4 ± 29.4

K (mg/L) Range 5.4–195 0.3–245 0.3–245 21.1–195.3 15.1–94.5 9.5–245 0.3–126.6

Mean ± SD 42.3 ± 25.5 48.3 ± 35.2 42.9 ± 27.4 59.3 ± 44 42.3 ± 19.9 56.5 ± 43.1 37.7 ± 20.4

Mg (mg/L) Range 13.5–144.2 14–137.2 13.5–144.2 24–137 14.2–140.2 14.2–137.2 13.5–144.2

Mean ± SD 52.7 ± 27.2 53 ± 23 50 ± 23.7 65.4 ± 30.1 49.5 ± 24.25 55.4 ± 24.04 52.8 ± 26.9

Cl− (mg/L) Range 0.01–600 24–480 0.01–600 18–510 30–306 24–510 0.01–600

Mean ± SD 125.6 ± 109.6 117.6 ± 90.3 113 ± 86.8 176.1 ± 156.8 110 ± 72.71 148 ± 114.8 107 ± 101

F (mg/L) Range 0.00–2.10 0.00–1.74 0.00–1.91 0.00–2.10 0.00–1.91 0.00–2.10 0.00–0.80

Mean ± SD 0.13 ± 0.372 0.20 ± 0.34 0.15 ± 0.33 0.27 ± 0.50 0.19 ± 0.37 0.26 ± 0.49 0.07 ± 0.13

NO3
− (mg/L) Range 0.00–29.0 0.00–27.0 0.00–0.29 0.00–27 0.00–15 0.00–27 0.00–29

Mean ± SD 2.72 ± 4.56 3.37 ± 4.87 2.96 ± 4.46 3.7 ± 5.9 2.4 ± 3.8 4.09 ± 5.4 2.62 ± 4.42

NO2
− (mg/L) Range 0.00–0.61 0.00–0.96 0.00–0.96 0.00–0.47 0.00–0.96 0.00–0.87 0.00–0.61

Mean ± SD 0.03 ± 0.10 0.08 ± 0.19 0.06 ± 0.16 0.04 ± 0.10 0.07 ± 0.18 0.08 ± 0.19 0.02 ± 0.07

Fe (mg/L) Range 0.00–0.93 0.00–0.91 0.00–0.93 0.00–0.19 0.00–0.67 0.00–0.93 0.00–0.92

Mean ± SD 0.08 ± 0.1 0.12 ± 0.19 0.11 ± 0.19 0.04 ± 0.04 0.09 ± 0.132 0.15 ± 0.21 0.07 ± 0.18

Bacteria Range 0.00–29 0.00–35 0.00–35 0.00–30 0.00–35 0.00–30 0.00–21.0

Mean ± SD 3.83 ± 6.84 3.86 ± 7.24 3.6 ± 6.67 4.87 ± 9.09 5.42 ± 8.1 4.13 ± 7.2 2.57 ± 5.86

Table 3 Carcinogenic and non-
carcinogenic assessment of
drinking water of school
calculated on the basis of educa-
tion level and exposure duration

Education level Age group (years) Statistics ADD HQ CR

Primary 4–9 Range 0.0–0.005 0.0–16.3 0.0–0.007

Mean ± SD 0.0005 ± 0.0009 1.8 ± 0.9 0.001 ± 0.001

Middle 10–12 Range 0.0–0.0037 0.0–12.5 0.0–0.006

Mean ± SD 0.0004 ± 0.0007 1.4 ± 0.2 0.001 ± 0.001

High 13–15 Range 0.0–0.0031 0.0–10.2 0.0–0.005

Mean ± SD 0.0003 ± 0.0005 1.1 ± 1.8 0.001 ± 0.001

Higher Sec. 16–18 Range 0.0–0.0016 0.0–5.2 0.0–0.002

Mean ± SD 0.0006 ± 0.0006 2.0 ± 2.0 0.001 ± 0.001

ADD average daily dose, HQ hazard quotient, CR cancer risk
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According to theWHO (2011), the Cl− concentration in the
water samples should not exceed 250 mg/L. The Cl− concen-
tration in water samples was 12%, 8%, 35%, and 11% higher
than the limit value in girls, boys, high, and higher secondary
school, respectively. A few samples (4%, 2%, 4%, and 1%)
from girls, boys, high, and higher secondary school have F
concentration higher than the permissible limit of 1.5 mg/L
(WHO), and the F concentration in water samples remained in
the range of 0.0 to 2.1 mg/L. None of the water samples
showed NO3

− and NO2
− concentration higher than the limit

value of 50mg/L and 3mg/L, respectively (Table 5). The limit
value of Fe in the water samples is 0.3 mg/L. The water sam-
ples showed the Fe concentration between 0.0 and 0.93 mg/L.
The Fe concentration in water samples was 5%, 11%, and
13% higher than the limit value, respectively, from girls, boys,
and higher secondary school. None of the water samples from
high school showed Fe concentration > the threshold level.

A piper diagram is presented in Fig. 4 by using the chem-
ical data of groundwater samples. The piper plots have two
triangles, first for anions and the second for cations. The
results indicate that groundwater aquifers were dominated by
Na, Ca, and K among cations, while mainly HCO3 followed
by SO4 and Cl among anions. The concentration of cations in
groundwater samples presented the following trend Na < Ca
<Mg <K, while the anions were in the pattern of HCO3 <
SO4 < Cl < CO3. A similar trend of cations was reported by
Ahmad and Bhattacharya (2018) in the Indus River Basin of
Pakistan. The groundwater chemistry of schools using piper
plot was Na–SO4/HCO3, Ca–SO4/Na–Mg–SO4, and Na–/
SO4/CO3/Cl (saline water) type (Fig. 4). Furthermore, the
groundwater of aquifer showed conservative mixing behavior
regarding Na- and Ca-dominated groundwater. The sources of

saline water are Na- and Ca-containing mineral phase disso-
lution, geochemical composition of the sediment, and shallow
groundwater leakage (Luo et al. 2018). However, Abbas et al.
(2015) showed the predominance of Ca–Mg–SO4–HCO3,
Ca–HCO3–SO4, Ca–Mg–HCO3–SO4, Ca–Mg–HCO3–SO4–
Cl, and Mg–Ca–HCO3–SO4 water types which revealed that
si l icate and carbonate weathering controlled the
hydrochemistry of the groundwater.

The total coliform value ranged from 0 to 35MPN/100 mL
in all the samples. The standard value for total coliform in
drinking water is 0 MPN/100 mL of water. About 30% of
the water samples showed that the coliform values are higher
than the limit value.

Principal component analysis

The principal component analysis (PCA) was applied to ex-
plore the correlation between As and other physicochemical
parameters of drinkingwater (Shahid et al. 2018c). In PCA, all
the variables were divided into four major factors (F1–F4)
(Supplementary Table 6). The factor F1 showed the major
contribution (62.9%) to the total variance. Factor loading
graph of PCA formulated two major groups (Fig. 5). The
PCA graph has combined As, EC, TDS, TH, Ca, HCO3,
NO3, and F in one group indicating a strong positive correla-
tion among these variables. The pH and As content was neg-
atively correlated. The correlation matrix developed a strong
correlation between As and other physicochemical parameters
(EC, TDS, TH, Ca, Mg, Cl, F) (Supplementary Table 7).
Supplementary Fig. 1 showed the eigenvalues and cumulative
variability of the water samples data for the schools of Vehari
District. Similar to our findings, many studies have

Table 5 Percentage of water
samples of different school types
having physicochemical values
higher or in the range of threshold
values recommended by WHO

Variables Girls Boys High school Higher sec. school

Fit (%) Unfit (%) Fit (%) Unfit (%) Fit (%) Unfit (%) Fit (%) Unfit (%)

pH 100 0 100 0 100 0 100 0

EC (μS/cm) 88 12 91 9 78 22 91 9

TDS (mg/L) 79 21 79 21 61 39 74 26

TH (mg/L) 84 16 84 16 70 30 80 20

HCO3
− (mg/L) 89 11 85 15 83 17 80 20

Ca (mg/L) 99 1 99 1 87 13 96 7

K (mg/L) 100 0 99 1 99 1 100 0

Mg (mg/L) 100 0 100 0 100 0 100 0

Cl− (mg/L) 88 12 92 8 65 35 89 11

F (mg/L) 97 4 98 2 96 4 99 1

NO3
− (mg/L) 100 0 100 0 100 0 100 0

NO2
− (mg/L) 100 0 100 0 100 0 100 0

Fe (mg/L) 95 5 89 11 100 0 87 13

Bacteria 68 32 70 30 69 31 70 30
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highlighted a strong correlation of As with other water quality
parameters (Shah et al. 2019; Tabassum et al. 2018).
However, this may significantly vary with respect to collec-
tion area, sampling source, and sampling depth.

Conclusion

The present study has provided source and depth specific
drinking water quality of high and higher secondary schools

of Vehari District. The results revealed that drinking water in
schools of Tehsil Mailsi, Burewala, and Vehari is not safe for
children due to elevated levels of As according to the WHO
guidelines. About 70% drinking water samples from 164
schools contained As concentration of > 10μg/L. The ground-
water As contamination level was high in boys school (28%),
higher secondary schools (52%), Tehsil Mailsi (33%), and for
filter water sources (86%). Moreover, the physicochemical
parameters of water did not meet the guidelines standards of
the WHO adding more to potential toxicity. Arsenic-

Fig. 4 Piper diagram showing the
major groundwater chemistry/
type in schools of Vehari District,
Pakistan
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contaminated groundwater in the schools of Vehari District
can pose a severe carcinogenic health risk to the exposed
children via oral consumption (CR; 0.0005–0.0009).
Multivariate analysis revealed a positive correlation of
groundwater As contents with EC, Ca, Mg, Cl, and F.
Therefore, the school authorities and relevant government de-
partments should pay more attention to the unsafe drinking
water quality and provide an access to safe drinking water for
the school children and the staff as well.
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