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Abstract: Primary school children in the developing world often lack potable water, which may
result in a high burden of water-related diseases and poor school performance. The present study
aimed to characterize the drinking water quality in primary schools of Pakistan. We used a
multistage random-sampling method to select 425 primary schools from selected districts of Sindh
province. Standard methods were used to characterize water quality. The results were compared
with maximum acceptable values recommended by the Pakistani National Environmental Quality
Standards (Pak NEQS) and the World Health Organization (WHO) drinking water quality standards.
Groundwater (62%) and surface water (38%) were identified as two major drinking water sources in
the selected schools with varying levels of water quality. Among all parameters, dissolved oxygen
(DO), pH, and nitrate remained within WHO and Pak NEQS water quality standard limit, while total
dissolved solids (TDS) (33%), electrical conductivity (EC) (46%), chloride (34%), turbidity (27%), and
hardness (11%) samples exceeded standard limits. All dissolved salts had moderate to strong positive
correlations with TDS and EC values. Based on a water quality index (WQI), 74% of primary schools
had access to excellent or good quality drinking water compared to 26% of schools that had access to
either poor, very poor or unsuitable drinking water. Among all three regions, more schools from
South Sindh had either poor, very poor or unsuitable drinking water (33%) compared to the Central
(25%) and North zones (15%). Hence, water from these locations is unfit for human consumption
and these schools need better water quality management plans to stop the spread of water-related
diseases in primary school children.

Keywords: WQI; water quality; physicochemical parameters; primary school children

1. Introduction

Drinking water quality is a major concern for human health and wellbeing. The water quality
is affected by water contaminants which ultimately affect human health. Physiochemical and
microbiological parameters are important determinants for assessing industrial, irrigation, and domestic
water quality. Among the physicochemical properties of drinking water, the common parameters used
to present drinking water quality are pH, TDS, turbidity, hardness, nitrate, EC, chloride, phosphate,
etc. The drinking water quality is compromised if their values exceed concentrations above the
standard limits set by Pakistan Enviromental Protection agency (EPA) and World Health Organization
(WHO) [1–3].
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The deterioration in the drinking water quality results from the entry of chemicals into the fresh
waterbodies and water supply system through natural and anthropogenic activities. The natural
geogenic contamination of water is governed by the presence and concentration of various chemical
constituents which are mostly derived from the geological formation of the particular region, while
the anthropogenic contamination mainly occurs by the use of pesticides and herbicides in agriculture,
leaching of poisonous toxins, septic tank, waste disposal, coal mining and petroleum refining, etc. [4–6].

The lack of improved access to safe water destabilizes families in various ways such as young
children dying of preventable diseases. Other serious impacts include poorer cognitive functioning
and a lower level of academic success [3–5]. Because of the history of poor health in childhood and the
burden of recurring sicknesses later in life, these children ultimately have fewer chances for success
later in life [3–5].

A household survey in Pakistan revealed that only 20% of the population had access to clean
water [6]. The major sources of water contamination are primarily poor sewage systems, industrial
wastes, pesticides, and fertilizers [6,7]. In Pakistan, old sewage infrastructure and the failure of local
governments to separate sewage lines from drinking water supplies leads to the high risk for the
transmission of water-related pollutants to the community [8]. Contaminants can be introduced into
the water distribution network during times of low pressure or when service is cut off completely [9].
In addition, community centers such as schools, shops, and office building sites often lack on-site water
storage and must rely on alternate water sources such as springs, stored rainwater, and private water
vendors. Local water suppliers are mostly unregistered, with no water quality monitoring. Due to
unhygienic handling, the drinking water is vulnerable to secondary- and cross-contamination [10–12].
Water from unprotected springs and wells is often unfit for human consumption [8].

Inadequate sewage treatment and sanitation contribute to water contamination and pose a direct
risk of fecal–oral disease transmission [12]. Almost half of the Pakistani population lack improved
sanitation systems, and this is significant between urban and rural areas [6,7]. A school-based study
in Pakistani schools showed that the improved sanitation system was accessible to 52% of schools;
however, only 32% of the toilets were functional and routinely maintained [7]. Overall, the impact of
inadequate sanitation is sizable; a recent study reported that the unimproved water and sanitation
service cost the Pakistani economy around USD 5.7 billion, equivalent to almost 4% of its GDP [8].

In school settings, learning would be optimal when both the students’ learning needs and health
outcomes are accomplished. The recent Demographic and Health Survey (PDHs 2017–2018) in Pakistan
showed poor school performance indicators (enrollment, illness, dropout, absenteeism, etc.) and a
high prevalence of waterborne diseases that mainly included diarrhea [13].

Schools are an important setting to study as children spend a significant amount of time in school
settings and thus consume much of their daily intake of water from school water sources. However,
there is a lack of information regarding drinking water quality in schools. Thus, the goal of this
study is to systematically assess drinking water quality in the schools of Sindh providence, Pakistan.
We focused on Sindh province as other studies have found poor water quality in community water
sources, and poorer school performance as compared to the rest of the country [6,13].

The WQI has been widely used to characterize both groundwater and surface water in terms of
suitability for irrigation and drinking [10,14–17]. There are several different methods used to calculate
a WQI, based on the intended use [15,18,19]. Some studies have incorporated geographical information
system (GIS) methods to effectively present the WQI data [18,20,21].

2. Materials and Methods

2.1. Study Setting and Sampling

Sindh province is located in the southeastern part of the country and is the second largest province
with a population of around 4.8 million [13]. The Sindh province is divided into three climatic regions,
i.e., South, North, and Central. Furthermore, it is subdivided into 29 districts [13]. The province
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is in the subtropical regions. It remains cold in winter (9–30 ◦C). However, in summer, the day is
usually dry and hot with cool nights. In the summer, North Sindh temperatures are higher, around
45–50 ◦C when compared to Central Sindh, with a temperature of 43–44 ◦C. On the other hand, South
Sindh has comparatively lower temperatures around 35–38 ◦C. Groundwater is the major source
of drinking water in the central Sindh, and the surface and the groundwater are the main sources
(Figure 1) in the North. South Sindh is located near the Arabian sea, and, in particular, Thatta and
Karachi are the two districts in the south region where groundwater is highly salty and cannot be used
for drinking without treatment [22–24]. Therefore, surface water is the chief source of drinking water
in the given districts [25–27].
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Figure 1. Variation in water quality parameters concentrations by type of drinking water source in
schools. * The school located near the coast of the Arabian Sea.

Schools were selected for inclusion using a multistage random sampling approach. All of the
primary schools registered with the Education Department of the Province of Sindh (42,900) were
considered the target population. In the first phase, we considered 10 districts representative of the
Sindh province (Appendix A Table A1). In the second phase, primary schools from each district were
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randomly chosen with the number of schools chosen to be proportional to the population of the district
for a total sample of 425 schools (Figure 2) [25].
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Figure 2. Surveyed schools in the Sindh province of Pakistan.

2.2. Water Sample Collection

Water samples were collected from drinking sources in each school. Overall, nine physicochemical
parameters were selected for assessing water quality. DO, pH, EC, TDS, and turbidity parameters were
analyzed onsite using a multimeter (Table 1) [28,29]. For the parameters that were analyzed in the
laboratory, 1000 mL of drinking water was collected in sterile polythene bottles and transported to the
lab in a carrier at a standard temperature.

Table 1. Instruments used for onsite field measurement and laboratory analysis.

Parameter Instrument Model/Method

DO DO meter Hanna Model H19146-04
pH pH Meter Hanna H18424

EC/TDS EC/TDS Meter Hanna Hi99301
Turbidity Turbidity Meter Hanna 9844
Chloride Titration Method 4500-Cl-B

Total Hardness Titration Method 2340 C
Nitrate Spectrophotometer 4500-NO3

Phosphate Spectrophotometer 4500-P

2.3. Water Sample Analysis

For chloride and total hardness, a titration-based standard method was adopted [17,30]. For the
determination of phosphate and nitrate, a UV-visible spectrophotometer-based standard method
was used [31].

2.4. Water Quality Index (WQI) Calculations

The importance of various parameters depends on the intended use of water. The WQI was
evaluated considering these important points: (1) importance of the parameter; (2) statistical relationship
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between parameters concentration and corresponding index; (3) associated water quality parameters;
and (4) classification of water quality (excellent, good, poor, very poor, water unsuitable for drinking).
Here, the water quality parameters are studied from the point of view of suitability for human
consumption. The ‘standards’ (standard values of various parameters) for the drinking water used
in this study are those recommended by the World Health Organization (WHO) and Government of
Pakistan Environmental Protection Agency (EPA) standards recommended for drinking water quality
were employed [22,23]. A WQI was calculated using previously used methods [16,18,19]. The WQI
calculations include three successive steps. First, each parameter was assigned a weight (wi) according
to its relative importance in the overall quality of drinking water as shown in Table 2, and the weight for
each parameter was assigned based on previous studies [16,18]. The weights were then transformed to
relative weights, so they added up to one using the equation:

Wi = wi/
n∑

i=1

wi (1)

A “quality rating” (qi) was calculated as:

qi = (Ci/Si) × 100 (2)

where Ci is the concentration of parameter i and Si is the WHO standard value for parameter i [23].
A sub-index is calculated as the product of the quality rating and the relative weight:

SIi = wi × qi (3)

The overall WQI is the sum of these sub-indices overall parameters used [15,16,18]. Classifications
are assigned based on the value of the WQI (Table 3).

Table 2. Raw and relative weights for each water quality parameters [14,18,20,32].

Parameter WHO Standard [23] Pakistan EPA
Standard [15] Weight (wi) Relative Weights (Wi)

DO mg/L 5 * 5 0.16
TDS (mg/L) 1000 1000 5 0.16
EC (uS/cm) 1500 * 4 0.12

pH 6.5–8.5 6.5–8.5 4 0.12
Turbidity (NTU) 5 5 2 0.06
Chloride (mg/L) 250 250 3 0.09
Hardness (mg/L) 500 500 2 0.06
Phosphate (mg/L) 5 * 1 0.03

Nitrate (mg/L) 50 50 5 0.16
Σ wi = 31 Σ Wi = 1.00

wi: Weight assigned; Wi: Relative weight; Σ Wi = sum of all relative weights; * = Pakistan Environmental Protection
Agency (EPA) guidelines not available.

Table 3. Characterization of water quality based on water quality index (WQI) value [33,34].

Class WQI Value Water Quality Status

A <50 Excellent
B 51–100 Good
C 101–200 Poor water
D 201–300 Very Poor Water
E >300 Water unsuitable for drinking
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3. Results and Discussion

3.1. Characteristics of Drinking Water

Drinking water samples of 425 primary schools from the point of use were collected,
and approximately one-third of schools reported that the water is available throughout the year
from the main source. Onsite water treatment systems were available at 6% of the schools. However,
none of these schools had tested the drinking water’s quality during the past two years.

The average concentrations for drinking water quality parameters (DO, TDS, EC, pH, Turbidity,
Chloride, Hardness, Phosphate, and Nitrate) were generated for each school by zone as shown in
Tables 4–6. Among zones, the schools in the South zone had the poorest water quality. The average
TDS, turbidity, and chloride concentrations in south zone districts (Sujawla, Umerkot, and Tharparkar)
exceeded the WHO and Pakistan Environmental Protection Agency (EPA) guideline values [22,23].
The Pearson correlation results showed that all the dissolved salts indicated a strong positive correlation
with TDS and EC values.

Table 4. Water quality parameters of South Sindh.

District
Tharparkar Thatta Karachi Umerkot

n = 42 n = 40 n = 40 n = 45

Statistics Average Max Min Average Max Min Average Max Min Average Max Min

DO mg/L 7.1 8.0 6.0 7.3 8.0 6.2 7.0 8.0 6.4 7.6 8.4 7.0

TDS (mg/L) 1083.1 3440.0 130.0 1192.7 3730.0 390.0 930.0 2360.0 260.0 667.2 2220.0 240.0

EC (uS/cm) 2098.5 6600.0 250.0 2292.1 7190.0 760.0 1805.6 4550.0 510.0 1330.6 4380.0 470.0

PH 7.8 8.4 6.9 7.6 8.3 6.8 7.9 8.7 7.2 7.9 8.6 7.0

Turbidity
(NTU) 2.3 8.2 0.3 15.8 44.7 0.4 2.1 8.4 0.0 7.8 46.0 0.3

Chloride
(mg/L) 350.9 2161.8 25.0 349.5 937.2 87.5 249.2 487.3 37.5 202.3 371.3 67.0

Hardness
(mg/L) 199.9 650.0 31.0 346.9 775.0 103.0 258.3 600.0 58.0 217.7 400.0 70.0

Phosphate
(mg/L) 0.5 2.1 0.0 0.8 2.0 0.0 0.7 1.2 0.0 0.3 1.2 0.0

Nitrate (mg/L) 5.7 27.0 0.0 1.3 20.9 0.0 7.0 20.7 0.0 2.3 9.8 0.0

Table 5. Water quality parameters of North Sindh.

District.
Larkana Jacobabad Kashmore

n = 42 n = 40 n = 42

Statistics Average Max Min Average Max Min Average Max Min

DO mg/L 7.2 8.1 6.3 7.3 8.0 6.3 7.5 8.2 6.8

TDS (mg/L) 741.2 2510.0 240.0 835.2 1910.0 180.0 931.7 2500.0 130.0

EC (uS/cm) 1395.7 4860.0 480.0 1628.2 3670.0 360.0 1818.2 4830.0 250.0

PH 7.5 8.2 7.0 7.5 8.3 7.0 7.8 8.4 7.1

Turbidity (NTU) 2.5 9.4 0.3 1.4 8.3 0.0 8.7 46.0 0.9

Chloride (mg/L) 166.5 937.2 25.0 206.2 649.0 12.5 250.6 691.0 29.0

Hardness (mg/L) 154.7 425.0 30.0 261.5 775.0 25.0 309.4 622.0 20.0

Phosphate (mg/L) 0.5 1.0 0.0 0.5 1.0 0.0 0.2 0.8 0.0

Nitrate (mg/L) 1.5 5.9 0.0 0.4 2.5 0.0 2.5 8.1 0.0
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Table 6. Water quality parameters of Central Sindh.

District
S.Benazirabad Dadu N.Feroz

n = 47 n = 42 n = 45

Statistics Average Max Min Average Max Min Average Max Min

DO mg/L 7.7 8.2 7.0 7.72 8.10 7.30 7.4 8.3 7

TDS (mg/L) 937.7 2090.0 310.0 893.19 2730.0 280 757.6 1450.0 389.0

EC (uS/cm) 1822.4 4070.0 620.0 1738.29 5260.0 550 1520.2 2990.0 778.0

PH 7.4 8.45 6.77 7.45 8.30 6.92 7.7 8.4 7.0

Turbidity (NTU) 3.9 38.6 0 3.38 29.26 0.10 7.2 32.0 0.5

Chloride (mg/L) 253.8 1040 20 252.06 1130.0 24.9 232.5 691.0 71

Hardness (mg/L) 421.6 850 78 399.48 1200.0 72 255.2 510.0 88.0

Phosphate (mg/L) 0.0 0.73 0 0.58 2.02 0.02 0.6 2.7 0.0

Nitrate (mg/L) 3.5 19 0 2.41 11.43 0 7.5 22.4 0.3

3.1.1. Electric Conductivity

In our study, we measured conductivity values that ranged from 240 uS/cm to 7190 uS/cm and
their average highest values were 2150 mg/L exceeded standard recommended limits in South Sindh
(1881 uS/cm) and Central Sindh (1713 uS/cm), as shown in Table 4. Zones with the highest average EC
also have the highest levels of TDS [32]. This may be due to the inorganic pollutants that enter through
agricultural runoff and sewage leakage from large drains present in both zones such as Right Bank
Outfall Drain (RBOD) being a drainage canal located on the right bank of the Indus river and the Left
Bank Outfall Drain (RBOD) being a drainage canal located on the left bank of Indus river in Pakistan.
Both canals collect saline water, industrial effluents, and Indus river basin floodwater from more than
two million hectares of land into the Arabian Sea. These drains also reported contaminating Mancher
Lake (a major drinking water reservoir in south Sindh) [35–37]. Similar to the previous study [17],
surface water contamination is higher in urban areas as compared to rural areas [38]. The major urban
cities were located in South and Central Sindh. Additionally, the Arabian sea bordering the southern
part of the Sindh and also contributing to the intrusion of saline water into the freshwater zone as
a result of over-pumping for agriculture use may also contribute to the higher levels of EC in the
zone [39], whereas, in central Sindh, high EC may also contribute through the extensive evaporation of
the water from a large surface area of the river and lakes at high atmospheric temperature and the
dry season during the period of sampling (March–August) [40]. Similar results are reported in the
drinking water of India with almost similar landscapes and potential sources of contamination [16].

3.1.2. Total Dissolved Solids (TDS)

In our study, TDS was found within the range of 130 mg/L to 3730 mg/L. The high average TDS
level was between 1000–1250 mg/L, which exceeded WHO recommended limits in South Sindh [23],
and, overall, TDS exceeded the limits in 33% of the samples. Regionally, TDS was elevated in 36% of
the samples from South Sindh when compared North Sindh (29%) and Central Sindh (33%), as shown
in previous studies [7,40,41], which took samples from community water sources rather than schools,
showed variation in TDS results by location and water source (ground and surface) which is consistent
with our findings, and we can expect larger TDS with surface water [7,40,41]. A few studies in the
same study population (community settings) found different results, which could be due to water
treatment, the difference in study methods (small sample size, sampling technique, non-representative
sample, etc.), or a focus on only the primary source of water, whereas we considered both primary and
secondary sources of water [42,43].
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The climate of the study province (Sindh) remains predominately arid with very low rainfall
averaging <200 mm annually, resulting in minimum variation in water quality parameters. In this
region, the natural process such as ion exchange processes in aquifer and solubility of rocks has
contributed considerably to increasing EC and TDS values [43], which were noticed in our study
samples (Tables 4 and 5). Comparatively, the increase in TDS and EC concentration in surface water
source rather than groundwater indicates industrial and residential wastewater contamination which
possibly mixes into surface water [7,35]. The excessive TDS effect on drinking water taste may lead to
unwanted gastrointestinal irritation and physiological reaction. Previous studies in this area have also
confirmed high EC and TDS [44–46], which raises serious concerns regarding the health of children in
primary schools of Sindh province.

3.1.3. pH

Previous studies on water quality in community settings have shown pH levels in drinking water
to be within the WHO standards [7,41]. The average pH values in our study were between 7 and 8 and
were within the recommended limit according to WHO (Figure 3) and Pakistani EPA drinking water
quality guidelines [22,23]. The pH range was from 6.77 to 8.7 with Central Sindh at 6.8 and South Sindh
at 8.7 with an average pH value of 7.6 (Tables 4–6). Nevertheless, the pH often has no direct effect
on water users (children), but indirectly it may affect health. Our drinking water samples showed
neutral to alkaline pH that is possibly due to dissociation and weathering of HCO3- and carbonate
rocks existing in the study area [40,46], and the elevated level (concentration) of HCO3- can occur due
to the weathering process of carbonaceous-rock [18,30]. The high pH water may cause irritation of the
skin, eyes, and mucous membrane. Additionally, it may influence the efficiency of disinfection and the
degree of corrosion of metals [30,44]. In our study, the alkaline pH may not be likely to cause excessive
corrosion of water supply pipes.Water 2020, 12, x FOR PEER REVIEW 2 of 20 
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3.1.4. Turbidity

In our study, the average highest concentration of turbidity was observed between 7.5 and
9.5 NTU (Tables 4–6). The drinking water in schools of South Sindh had higher turbidity (Table 4)
when compared to the other two zones. The average turbidity in this region (27 NTU) exceeded
WHO and Pakistani EPA drinking water quality guidelines [22,23]. The turbidity was also elevated in
Central Sindh (31%) compared to South (26%) and North Sindh (23%), as shown in Figure 1. Previous
studies in community settings showed little variation in the results which may be due to the smaller
sample size and non-representative sample (rural specific or urban specific) in those studies apart
from the difference in study settings (community instead of school settings) [11,40,45,46]. In our
study, the schools in South Sindh with high turbid water are also more vulnerable to microbiological
contamination since the pathogens attached themselves to the suspended particles in turbid drinking
water. These suspended particles then shield pathogens from disinfectants and interfere with the
disinfection process [45,47].

3.1.5. Chloride

In our study, chloride ranged from 12.5 mg/L to 1130 mg/L, whereas the highest average
concentration of chloride was between 250–351 mg/L (Table 4). The South Sindh zone had the highest
number of schools with drinking water that exceeded standard limits (250 mg/L) [22,23]. Overall,
chloride exceeded the recommended limit (Figure 3) in 36% of the samples in Central Sindh compared
to 34% of the samples in South and 33% of the samples in North Sindh, as shown in Table 5. In the
present study, the schools with a high level of chloride in drinking water can put children at risk for
developing heart, kidney, and liver problems on long-term exposure [30,44]. The high chloride level
can also bring corrosivity, especially when chloride combines with sodium to form sodium chloride,
which may damage plumbing, water heaters, and other appliances causing toxic metals to leach into
the drinking water [30]. However, chloride contamination can easily be removed using reverse osmosis
(RO) in drinking water treatment systems [23,32].

The possible source of chloride in groundwater contamination in South Sindh could be due to
the saltwater intrusion (Figure 4). In addition, the studies reported that the coastal aquifers (southern
Sindh) are overexploited; this may possibly lead to the saline intrusion, which increases Na and Cl
concentrations in the coastal aquifers [46,47]. Elevated chloride in surface water contamination may be
due to wastewater from industries (specifically sugar mills in South Sindh) and effluent from large
drains in both zones (e.g., right bank outfall drainage and left bank outfall drainage) [46–48]. We were
unable to find similar studies, but studies in similar geographic locations showed little variation in the
chloride concentration in drinking water [40,49]. In addition, deviation of Cl- in surface water from the
standard is a result of anthropogenic activities such as fertilizers and coal containing sulfide along with
minerals with sulfate derivatives from air pollutants [40]. Moreover, the elevated Cl- concentration
might be due to surface water infiltration contaminated with salts and also results from geologic matter
through dissolution of alkaline earth metal salts [31].
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3.1.6. Hardness

The average concentration (Tables 4–6) of hardness (291 mg/L) remained within the standard
limits; however, some samples in all three zones (Central Sindh 24, South 12, and North 8 samples)
exceeded the recommended limit [22,23]. More samples were found exceeding hardness limits in
Central Sindh (19%) compared to South (7%) and North (6%) Sindh (Figure 3). Sources of elevated
hardness are generally the same as for chloride. The hardness in water mainly indicates availability of
magnesium and calcium ions which exist mainly in sandy rocks specifically found in limestone [31].

Our results are consistent with a local study [49] and studies done in Iran and India [16,17]. While
the concentration of hardness is different from studies performed in other provinces, this may be due to
the difference in landscape, main drinking water source, or potential sources of contamination [14,44].

3.1.7. Dissolved Oxygen (DO) Nitrate and Phosphate

Among all the parameters, the average concentration of DO (7.3 mg/L), nitrate (3.2 mg/L),
and phosphate (1.3 mg/L), as shown in Tables 4–6, were within standard limits [22,23]. These findings
were similar to the available studies [11,40,41]. However, few samples exceed the standard limit for
phosphate and nitrogen. The potential sources of phosphate and nitrate contamination are sewage and
runoff from animal farms and fertilizers. In our study, the drinking water in rural areas with agricultural
land and unimproved sewage system were most vulnerable to these contaminants. The nitrogen in
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fertilizers not absorbed by the plants may leach into groundwater through surface runoff in the form of
nitrate, which increases the nitrate concentration in groundwater sources. In addition, the schools with
the septic systems remove half of the nitrate in the wastewater; and the other half percolates into the
groundwater. The schools with an increase in nitrate concentration in ground water may also indicate
the possible presence of other harmful agricultural pesticides and residential contaminants [11,40],
as shown in Figure 4. In our study, the presence of nitrate in both ground and surface water was
largely due to untreated sewage discharge, agricultural activities, decaying of animals, plants, and
excreta [31,32]. In present study settings, the agriculture activities mainly rely on pesticides and
fertilizer use, such as urea, diammonium phosphate, etc. that ultimately pollute the water resources.

3.2. Correlation Analysis

In the Pearson correlation analysis, the TDS and EC showed a positive correlation with all the
parameters except pH. Chloride levels had a positive but weak correlation with the other parameters.
The hardness had a negative correlation with phosphate and nitrate, while phosphate demonstrated
a weak positive correlation with nitrate. Overall, the Pearson correlation results showed that all
the dissolved salts indicated good positive correlations with TDS and EC values, which suggests
that TDS and EC values significantly correlate with pollutant parameters such as chloride, turbidity,
and hardness (Appendix A Table A2). This indicates that chloride, turbidity, and hardness have high
values as a result of anthropogenic contamination in the study settings.

The WQI values demonstrated a positive relationship (p < 0.01) with EC, TDS, chloride,
and turbidity. Based on these correlations, it is evident that EC, TDS, chloride, and turbidity
were the most influential factors for the computed WQI values of drinking water sources in the
study settings. During the last two decades, drinking water quality status in the study area has
deteriorated possibly due to the rapid expansion in human population, resulting in an increase in
anthropogenic activities, as evidenced in previous studies [30,44]. Therefore, it can be inferred that the
precautionary measures taken by the concerned authorities in the country to protect water quality
have been inadequate. Furthermore, the industrial, domestic, and agricultural waste along with the
climatic changes are also major threats to the drinking water quality in Pakistan [50,51].

3.3. Water Quality Index

3.3.1. Water Quality Results

The WQI values for each sampling location were determined using weight values assigned
according to their relative importance for drinking purposes to each water quality parameter (Table 2).
The drinking water quality was categorized into five categories based on WQI values [33,34], as shown
in Table 3. This method is considered the simplest method aimed to give a single value in grading
water quality by using a list of parameters and their concentration in a single value. This single value
provides a wide understanding of the water quality and its consumption (suitability) for different
purposes such as irrigation, industrial, and drinking [41,46,49]. ArcGIS version 10.2 software was
employed to present the spatial distribution of schools in the Sindh province and their WQI status was
graded into five colors, as shown in Figure 4.

The WQI of schools (Figure 4) in central Sindh that primarily used groundwater indicated an
overall good quality drinking water; over half (53%) of the schools have excellent drinking water,
21% possess good quality drinking water, followed by 18% with poor water, 6% with very poor water,
and 1% with water that is unsuitable for drinking. The WQI in North Sindh, where both groundwater
and surface water are used for drinking, indicated god quality water, with just under half the samples
rated good (49%), followed by excellent quality (36%), poor (13%), and very poor (1%). In the southern
part of Sindh province, which depends mainly on surface water, almost a third of schools in each group
have access to either excellent water (33%), good water (34%), or poor water (29%), while few school
children consumed water which was of very poor or unsuitable to drink quality (3%). Among all
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three regions, schools in central Sindh have greater access to drinking water with excellent quality
(54%), while schools of the southern districts of Sindh were more vulnerable with 33% of school
children consuming poor or very poor to unsuitable drinking water. The southern part of Sindh adjoins
the seacoast where drinking water quality deteriorates (Figure 5) due to the dumping of urban and
industrial waste. This area also has limited freshwater resources [50,51].Water 2020, 12, x FOR PEER REVIEW 6 of 20 
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3.3.2. Discussion on Water Quality Index

Overall, 74% of primary schools have access to excellent or good quality drinking water compared
to 26% of schools with access to either poor, very poor, or unsuitable drinking water. However,
there was no significant difference observed between private and public schools (Figure 6). Previous
local studies revealed that the drinking water at some locations in Sindh Province is not fit for
drinking [7,40,50]. Other studies have found variable results. A study of groundwater in Iran found
that 52% of consumers had excellent or good quality of drinking water, while 48% of the population
consume poor to unsuitable drinking water [17]. A study in south India found that water quality
varied from Excellent to Poor, with significant seasonal variation due to weather (temperature and
rainy season) and pilgrims, who brought enormous pressure on the basic requirement fulfillments
like shelter, food, and waste disposal [19]. A similar study of surface water sources used for drinking
showed that the majority of the samples at upstream locations were of excellent quality for drinking
compared to poor quality at downstream locations, demonstrating the significant impact of diffuse
and point sources of pollutants in these regions [38]. The results of these three studies vary compared
to our study, mainly due to their focus on single water source (surface or groundwater), difference
in WQI methodology, climatic conditions and variation in the source of pollutants, i.e., agriculture
pesticide vs. industrial effluent.
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The quality of drinking water is determined by the quality of water source (Appendix A Figure A1),
the level and treatment efficiency, and condition of water supply lines. In Pakistan, most schools
do not have a fresh water source available and ground water is saline; pupils have no choice but to
use this type of water for drinking. The schools with drinking water quality do not meet the WHO
standards [2]. In the urban schools, the main reason for water contamination is due to the intermixing
of sewage lines with drinking water supply lines—while in rural areas, where surface water is used no
pre-treatment, facilities are available for filtration of water. In addition, the hand pumps and wells are
not safe from surface runoff and flooding [24,46,49]. Industrialization and rapid urbanization have
placed immense stress on water resources and discharge of wastewater into natural water resources
that decreases ground and surface water quality [7,11,51]. The schools with improved water quality
might have safe natural ground water source or schools with better management systems, additional
support (related to WASH) from government, community, or other organizations have relatively better
water quality [6,9,52].

In our study, the quality of drinking water is further worsened in the distribution lines, possibly
due to the leakage of water pipes at a point where the drainage water enters into the main drainage
system [50,51]. At the school level, drainage water may be contaminated due to uncovered overhead
storage tanks, underground storage tanks, and unhygienic handling of water by consumers [46,47].

During the last decade, the overall drinking water quality of the studied area has been subject
to a rapid decline for various reasons. First, as a result of climate change, water resources (quantity
and quality) in Pakistan have deteriorated; water temperature has increased and, as a result, a
marked change has been witnessed in rainfall patterns, the behavior of glaciers, and the occurrence of
extreme events such as floods, droughts, and greenhouse gas emissions [52–54]. Secondly, increases
in the population have increased the stress on water resources with more human activities (Figure 6)
compromising water quality [55]. Finally, the expansion of industries due to the transition of the
country from an agricultural to a semi-industrial state contributes to the contamination of freshwater
bodies, due to the lack of vigilant monitoring of industrial waste management systems [7,11,56]. The
WQI tools have widely been used by investigators around the world for water quality monitoring in
ground- or surface-water sources, but not purely on drinking water in school settings in a large study
setting, or by considering both ground and surface water sources serving these schools.

There were a few limitations to our study. We presume variation in water quality by each season,
since we considered a single water sample from each primary school; therefore, some of the WQI values
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might be strongly affected by variations along the year and suggest that this work must be improved
by collecting data during a more extended period to identify these processes and its repercussions.
Additionally, we assessed water quality using the WQI tool based on physicochemical parameters only.
Future studies should consider metals and microbial parameters for better understanding of drinking
water quality in school settings.

4. Conclusions

We used physicochemical parameters to characterize the drinking water quality using a WQI and
analyzed the spatial patterns of WQI among primary schools of Sindh province in Pakistan. The WQI
is considered a simple method to evaluate overall water quality and has been widely used. This is the
first study conducted in school settings that used the WQI method to determine drinking-water quality.
The study findings revealed that almost a third of schools do not have access to suitable drinking
water for children. The main parameters found to contribute to poor water quality were EC, TDS,
turbidity, hardness, and chloride indicating contamination of surface and groundwater sources through
discharges from industrial, domestic sewage, residential, and agricultural runoff. Improved access to
safe water and sanitation in schools is crucial to stop the transmission of water-related diseases. In order
to ensure safe drinking water in schools, we recommend the regular monitoring of drinking water
sources and, where needed, the use of low cost, simple and sustainable drinking water purification
approaches, for example, chlorination, solar disinfection, and boiling. Furthermore, longitudinal
studies may be considered in the future, which include metals, microbials, and physicochemical
parameters to gain a better insight into the drinking water quality in present settings.
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Appendix A

Table A1. Demographic characteristics of study population.

District Name District Population Number of Primary Schools Children Enrollment

Dadu 1,555,266 1935 234,346

Thatta 781,967 1639 75,632

Karachi 14,910,352 2917 458,846

Jacobabad 1,006,297 1443 145,931

Larkana 1,524,391 1166 222,226

Kashmore 1,089,169 1497 123,940

Tharparkar 1,649,661 4010 154,679

Umerkot 1,073,146 2234 112,957

Naushero Feroze 1,612,373 2334 246,403

Shaheed Benazirabad 2,012,847 2532 236,341
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Table A2. Pearson’s linear Correlation Correlations matrix.

D
O

T
D

S

EC

pH

Turbidity

C
hloride

H
ardness

Phosphate

N
itrate

DO 1

TDS −0.255 1

EC −0.236 0.997 ** 1

pH −0.458 −0.117 −0.088 1

Turbidity 0.156 0.361 0.379 0.028 1

Chloride −0.144 0.915 ** 0.934 ** 0.099 0.399 1

hardness 0.651 * 0.398 0.413 −0.582 0.228 0.345 1

Phosphate −0.404 0.291 0.281 0.241 0.166 0.307 −0.083 1

Nitrate −0.327 0.006 0.045 0.568 −0.196 0.193 −0.184 0.117 1

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).
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