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Abstract: For predicting the current status about the quality of drinking water in the Sindh province about 140
research articles in which drinking water had been analysed, were systematically reviewed. The literature
disclosed that the drinking water particularly groundwater in Sindh province is not suitable for drinking
purposes in more than 70-80% of the area. It was also revealed that the major contaminants that are found
excessively high in the drinking water of Sindh province are EC, Cl, Mg, Ca, TDS, As, F, Zn, TH, Ni, and other
heavy metals. Overall, in Sindh province the concentration of water quality parameters such as Cl, EC, TDS,
TH, SO4, NO2, NO3, Mg, Ca, Zn, Pb, F, and Fe, are beyond permissible limit. pH is found within allowable
limits in Sindh province and As is found beyond allowable limits in regions located nearer to river and coastal
side of Arabian sea such as Badin, Thatta, and Karachi.Total and fecal coliform had also been reported in the
groundwater of Sindh province and that’s why waterborne diseases are common in Sindh province. The major
reason behind the degrading quality of drinking water in Sindh province is the mixing of sewage and seawater
with groundwater and surface water. Therefore, it has been recommended that proper monitoring of seawater
and sewage should be ensured so that safe water should be supplied to the consumer in Sindh province.

Keywords: groundwater quality; Sindh province; WQI; physicochemical parameter

1. Introduction

Water is an important source of survival for human beings. Water may be either groundwater
or surface water; it is drinkable in both cases. Water is an element that greatly impacts the well-
being of people as well as has a great effect on the economy of the country. Therefore, proper
management of the quantity of water and maintenance of the quality of water specifically for
drinking purposes is one of the challenges of the modern world. The quality of water was not as
deteriorated as today in past decades. However, modern inventions, technologies, and industries
have contributed to the contamination of drinking water. Moreover, anthropogenic activities such as
over-extraction of groundwater, excessive cutting of trees, burgeoning population, urbanization, and
improper disposal of sewage and solid waste materials are also responsible for the degeneration of
the quality of water (Jamali et al. 2020).

Although the degeneration of the quality of drinking water is a global calamity, Pakistan is also
one of the victims of bad-quality of drinking water (Jamali et al. 2023). Previous research has spelled
out that waterborne diseases have caused the loss of precious lives in great numbers. World Health
Organization also claims that 80-85% of diseases in the world are caused by low-standard drinking
water. It is reported that about 40-50% of infectious diseases in Pakistan are due to bad quality of
drinking water (Daud et al. 2017). Additionally, in the most recent research, it is investigated that
around 2000 children have lost their lives because of consuming unsuitable drinking water (Nabi et
al. 2019). According to Ilyas et al. 2019, only 20% population in Pakistan has access to fit drinking
water while others bank on extremely contaminated or moderately contaminated water. This
percentage further depends on the location of the province. It is estimated that about 41-45% of
population in the urban areas have the facilities for safe drinking water, while in rural areas the value
is limited to 7-8% only.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Most of the population in this province of Pakistan depends on groundwater resources for
drinking purposes. Although groundwater is the most used drinking water resource in the Sindh
province of Pakistan, this water is no longer portable for the population of Sindh province. This
source of water is degraded due to anthropogenic activities and improper treatment of wastewater.
It is investigated that around 80% of groundwater in Sindh is saline (Steenbergen et al. 2015).

Due to the variety of these pollutants variety of diseases are found in Sindh province of Pakistan.
According to reports in 2018 the Director General of Health in Hyderabad received a report about the
cases of severe stomach diseases broke due to the consumption of highly contaminated drinking
water in the village of Mir Khan Otho, Nawabshah, Sindh province ( Khaskheli et al. 2018). Moreover,
an increase in cholera cases due to bad quality of drinking water was also reported in 2022. It was
reported that from January 2022 to May 2022 about 234 cholera cases were confirmed from reputable
laboratories (Zeb et al. 2023). Moreover, Kumar et al. 2016 revealed that diseases such as gastro,
diarrhea, typhoid, hepatitis, etc. have become common due to the degenerated quality of
groundwater.

Therefore, this paper is intended to provide a detailed review of previous research done on the
groundwater quality of the Sindh province of Pakistan in the last two decades. Groundwater is the
focused of the review because about 60% population of Sindh province of Pakistan has been relying
on the groundwater for drinking purposes. Although, in urban parts of Sindh water supply schemes
are introduced and that are the sole source of water for consumption even in these parts of Sindh the
whole population does not have access to safe water and water through water supply schemes.
Therefore, people either unfit surface water or extremely contaminated groundwater. Thus, this
study will provide details about the overall status of drinking water in the Sindh province of Pakistan.

2. Description of Sindh Province of Pakistan

The Sindh province shown in Figure 1 is the second most populated province of Pakistan. Sindh
province is located between earth coordinates 26°21'N 68°51'E/26.350°N 68.850°E/26.350; 68.850.
According Gallup Pakistan Analysis of Census 2023 total population of Sindh province was reported
as 55.7 million people. The major source of drinking water in Sindh is groundwater.

Sindh province is divided into six divisions and thirty districts. Divisions of Sindh are named
Hyderabad Division; Karachi Division; Larkana Division; Mirpur Khas Division; Shaheed
Benazirabad Division; and Sukkur Division, and each division has more than three districts as shown
in Figure 2.
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Figure 2. Map of Sindh province showing all districts.

3. Review Methods

In this study to predict the overall current status of drinking water quality in Sindh province of
Pakistan, a rigorous review process of previous research carried out on the drinking water quality of
all divisions and districts of Sindh province, was done as shown in Figure 3. This article explores the
data on the drinking water quality of Sindh province including every source of water particularly
groundwater. For this purpose, about 140 research articles that included almost all divisions and
districts of Sindh province as shown in Table.1 were reviewed. For performing the literature search
popular scientific literature databases such as Google Scholar, Scopus, Web of Science, Researchgate,
and Science Direct websites were used. Keywords for the literature search were used such as
groundwater sindh. It should also be noted that groundwater quality was also a keyword because it
is the major source of drinking water in Sindh province. Articles written in the domestic language or
published in national newspapers were taken into account. Research work was first searched based
on the divisions and districts then it was compiled and categorized based on divisions and date of
publication.
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Figure 3. Review process of previous research articles.

4. Discussions

A review of previous research work was done based on the divisions and districts. Therefore,
data from each division along with their district and with a few subdivisions was tabulated and the
method of water quality assessment, water quality parameters, and results were analyzed separately
for each division of Sindh province. The results and data based on the each division are discussed
one by one as following.

5.1. Hyderabad Division

Hyderabad division of Sindh province is found south-western part of Sindh and is divided into
nine districts i.e Badin, Dadu Hyderabad, Jamshoro, Matiari, Sujawal, Thatta, Tando Allahyar, and
Tando Muhammad Khan. So, the previous studies on the drinking water quality of these districts
were focused and a literature search was carried out. Literature work was analysed systematically as
shown in Table 1.

Table 1. Water quality analysis in districts of Hyderabad division.

S.# Source No of Pollution causes Major Pollutants Found Methodology
samples
. Anthropogenic .
1 Ali et al. 2008 30 o TDS, As, Fe, pH Lab Analysis
activities
2 Baigetal. 2009 117 Water Lolggmg As Lab analysis
from river
Majidano et al. . pH, TDS, EC, As, Fe, Mg, .
3 2011 175 geochemical Mn, Ni, Pb, and Zn Lab Analysis
4 Ugqaili et al. g5 Agricultural As Lab Analysis

2012 Products
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Imdad et al. Seawater Cl. pH, Hardness, TDS, .
26 2023 10 intrusion EC, Color, taste, Ca, Mg Lab Analysis
D t al.
27 a;;ze?) 2 52 Sewage Salinity of Aquifers Lab Analysis
78 Rind et al. 37 Leachate, Cl. pH, Hardness, TDS, Lab Analysis
2024 Soluble salts EC, Color, taste, Ca, SOs and WQI

Ahmed et al. 2013 in their study on the drinking water quality of district Badin of Sindh province
found that water quality parameters such as pH, EC (uS/cm), and TDS in the drinking water of Badin
were within the range recommended values of the WHO. However, water was found to have
contamination caused by fecal waste.

Mahessar et al. 2015, while studying the quality of drinking water in the coastal line of Badin
district, it was disclosed that drinking was not suitable in most villages. It was concluded that in
almost 77% of water, Turbidity was in the higher concentration; almost 49% of water depicted
excessive concentration of TDS; in 46% of water samples higher values of chloride were detected; and
in 20% and 54% of samples depicted higher values of SO4 and TH. Overall, water was found
unsuitable based on the various physic-chemical water quality parameters. This was also confirmed
by the study of Baloch et al. 2019, in which it was confirmed that almost 100% of water in Badin was
contaminated with the excessive concentration of TDS, Ca, EC, Hardness, and other chemical
parameters. Other parameters such as fluoride have also been reported beyond the permissible limits
of the WHO in the district Badin of Hyderabad division (Talpur et al 2020).

Ali et al. 2008 revealed in their research that 50 % of the water they collected from the Dadu
district exhibited a concentration of various physic-chemical parameters excessively higher than the
recommended values of the WHO. The study also showed that the Arsenic (As) was also detected in
more than 77% of samples, and water in taste was also saline. Baig et al. 2016 reported similar results
and confirmed the presence of a higher quantity of Arsenic in the groundwater of the Dadu district
of the Hyderabad division of Sindh province. It has been noted that not the whole groundwater in
Dadu district is unfit for drinking but As the most dangerous contaminant is found in the
groundwater of district Dadu. However, it is also essential to note that a limited number of studies
have been carried out on the groundwater of Dadu district and no application of GIS, WQ], etc. have
been employed yet.

Rahman et al. 2017 found that the EC, TDS, and Alkalinity in the drinking water of Hyderabad
district were higher than the WHO values. It was further evaluated by Khokhar et al. 2023 in their
research on the drinking water of district Hyderabad and found that drinking water of district
Hyderabad is dangerous to consume due to higher concentrations of EC, TDS, TH, and Cl. It was
concluded that about 65%, 83%, 62%, 77%, and 60% of water in district Hyderabad is contaminated
by the higher quantity of EC, TDS, Alkalinity, TH, and Cl. Additionally, the contaminated index (Cd)
indicated that about 75% of water in the Hyderabad district showed risks for human health and WQI
confirmed that about 45% of samples fell in the poor to very poor water category. Khokhar et al. 2023,
in another study, revealed that 94% of groundwater in district Hyderabad depicts higher values of
TDS and Ca. Ni was found to exceed the WHO limit in 63% of the groundwater of district Hyderabad.
Therefore, the water of district Hyderabad has been declared unsuitable for drinking purposes.

Baig et al. 2009 revealed that the values of As in the groundwater of Jamshoro were excessively
higher than the prescribed values of the WHO. Memon et al. 2016 also assessed Arsenic availability
in the groundwater of district Jamshoro and revealed that As was found higher than the allowable
limit. In addition, in another study on Jamshoro, Memon et al. 2017 confirmed that As was excessively
higher in the groundwater of Jamshoro, and water was also found polluted by heavy metals such as
Co, Fe, Zn, lead, etc. Overall, studies have found that the groundwater of district Jamshoro is not safe
to be consumed by human beings.

Dars et al. 2023 have revealed that in Matiari, the groundwater of district Matiari was salty to
extremely salty water. In addition, Rind et al. 2024 revealed that in Matiari nearly 65% of water is
polluted by excessive concentration of EC; 27% of water exhibited exceeding values of TDS; COD in
16% of samples were beyond the WHO values; and other parameters such as sodium, potassium, and
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fluoride, were also beyond the WHO limit. However, a limited number of studies have been done on
the groundwater of district Matiari without the application of modern tools.

Memon et al. 2011 that all water-supplying bodies such as dug wells, water supply schemes,
shallow pumps, and other sources depicted higher concentrations of various physic-chemical
parameters such as turbidity, EC, TDS, Sodium, pH, Copper, zn, and other water quality parameters.
Moreover, Solangi et al. 2019 revealed that based on the application of the WQI model it was found
that about 55.32%, 22.34%, and 13.83% of water samples represented poor groundwater, very poor
groundwater, and unsuitable groundwater for drinking purposes. Also, the SPI model depicted that
20.12%, 18.1%, and 15.95% of water samples represented moderately polluted groundwater, highly
polluted groundwater, and unsuitable groundwater for drinking. Solangi et al. 2019 also disclosed
that in the Thatta and Sujawal districts of the Hyderabad division of Sindh province, based on the
(WQY), it had been detected that about 27.8%, 42.8%, and 26.6% of the water samples were poor, very
poor, and unsuitable for human consumption, respectively. However, another model such as the
synthetic pollution index (SPI), categorized groundwater of Thatta and Sujawal as 23.9%, 41.7%, and
29.4% as moderately polluted, highly polluted, and unsuitable water, respectively. It was also
concluded that nearly 62% of the groundwater exhibited salty and bitter taste; Arsenic was also
detected in 18% of samples; and about 89%, 67%, and 56% of the samples represented higher values
of EC, Ca, and Mg in groundwater. Shar et al. 2020 also revealed that TDS, TH, and EC, were higher
than the allowable limit in Sujawal, and As was also detected in samples.

Alamgir et al. 2016 that biological and physicochemical impurities have made the groundwater
of Taluka Thatta not suitable for drinking purposes. Moreover, various studies have detected an
increase in pollution groundwater year by year. For instance, Solangi et al. 2019 have found that
almost all water quality parameters in the groundwater of district Thatta exceeded the WHO
guidelines. The application of the WQI on the groundwater of district thatta divulged that 57%, 20%,
and 15% of the samples collected from the groundwater of Thatta exhibited poor, very poor, and
unsuitable drinking water respectively. Similarly, the SPI model detected that 55%, 19%, and 16% of
groundwater in Thatta was moderately polluted, highly polluted, and unsuitable for drinking. Solang
et al. 2019 in another study found that nearly 85%, 52%, 85%, 60%, and 20% of the water groundwater
samples gathered from district Thatat depicted higher concentrations of TDS, Ca, Mg, TH and As
respectively; and about 90% of water samples exhibited higher values of Cl as well. Majidano et al.
2011 revealed that about 94% of groundwater in Tando Allahyar depicted exceeding values of almost
all physic-chemical parameters including EC, pH, TDS, Zn, Mn, Fe, etc. Mumtaz et al. 2017 during
their study on Tandojam of Tando Muhammad Khan revealed that the quality of groundwater was
worst in Muzaffrabad colony, Jam Ghar and Mir colony, which were located at the center of Tando
Jam and was contaminated with higher TDS and had a salty taste. It was concluded that the TDS, EC,
Ca, Mg, TH, Na, C], etc, Overall, groundwater in almost all districts of Hyderabad division is
contaminated. The groundwater in districts such as Hyderabad, Jamshoro, Matiari, Tando
Muhammad Khan, Tando Allahyar, and Dadu, is polluted by the mixing of sewage. While, the reason
behind the pollution of groundwater in the coastal districts of Hyderabad division such as Badin,
Thatta, and Sujawal, is the mixing of Seawater with groundwater.

5.2. Karachi Division

Karachi is the most populated division of the Sindh province of Pakistan with 20.3 million people
according to census 2023. Karachi is also one of the metropolitan cities of Pakistan. It remained the
capital of Pakistan after independence from 1947 to 1967. Although, most of the parts of Karachi rely
on the water supply for drinking purposes, which has never been sufficient for meeting the demand
of consumers; groundwater is also used in a few parts of Karachi. However, people face risks in
consuming groundwater as well as surface water. Previous research work done on the driking water
quality of Karachi division is shown Table.2.

Hasnie et al. 2004 during their study on the drinking water in the coastal village of Karachi found
that 71% of the water was contaminated and was posing a threat to human health. Nadim et al. 2014,
also revealed that in the few water supply schemes, water exhibited excessive concentration of the
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water quality parameters. Samo et al. 2017 also found that both surface water and groundwater in
Karachi depicted the concentration of TDS and EC beyond the WHO limit. It was also found by Khan
et al. 2018 that the groundwater of Gulistan-e-Johar in Karachi was not fit for human consumption
and groundwater posed a dangerous threat to human health. The WQI value of groundwater was
found to be 183 further endorsing that groundwater in Gulistan-e-Johar of Karai was unfit for
drinking purposes.

Additionally, Samo et al. 2019 in their study on the drinking water in Malir Karachi found that
around 70-80% of groundwater in Karachi was contaminated by the intrusion of sewage into
groundwater, and E-Coli was found in higher concentration. Khan et al. 2020 also revealed that
drinking water in the aquifers of Gulshan-e-Igbal Karachi is completely contaminated. All samples
gathered from Gulshan-e-Igbal Karachi represented values of Ca, Mg, TDFS, TH, EC, and other heavy
metals exceeding the WHO-recommended values. Moreover, Naqvi et al. 2020 concluded in their
study that specifically thickly populated areas of Karachi were using extremely contaminated water,
and excessive concentration of fluoride in those areas had been causing dental diseases for a long
time. Razaq et al. 2020 also confirmed that around 60% of the water in South Karachi; 62% of the
water in West Karachi; 46% of groundwater in east Karachi; 48% of the water in Malir; and 55% of
the water in Central Karachi and Korangi; was extremely contaminated by microbiological impurities
to be drunk. Arsenic in Karachi was also found beyond permissible value. In addition, Khan et al.
2023 also disclosed in their study that in Korangi the chemical impurities and biological impurities
are found excessively high in drinking water.

Overall, groundwater in Karachi is not suitable for drinking purposes due to chemical and
biological impurities. The reason behind contaminated water in Karachi is the mixing of sewage and
Seawater with groundwater. However, not all the supply schemes are safe too. Therefore, proper
monitoring of water supply schemes is also needed in every part of Karachi.

5.3. Larkana Division

Larkana division is located in the North-western part of Sindh province of Pakistan as shown in
Figure 2 and has a border with the Indus River. Larkana is divided into four districts Jacobabad,
Kambar Shahdad Kot, Kashmore, Shikarpur, and Larkana.

District Larkana is the largest district of the Larkana division. Groundwater quality of district
Larkana is deteriorating day by day. Larkana is a division of Sindh province where only groundwater
is the source of water supply, but this source is not pure anymore. A number of dangerous chemicals
have been found in the groundwater of the Larkana division. Asghar et al. 2006 conducted research
on the ten villages in Larkana for Arsenic concentration. The study disclosed that for about one in ten
groundwater samples the concentration of As exceeded the value recommended by the WHO i.e. 10
parts per billion. Moreover, Jamali et al. 2020 in their lab analysis study on the groundwater of Taluka
Larkana found that only pH was within the allowable limits and the remaining parameters studied
such as Ca, Mg, TH, TDS, EC, and others were beyond permissible values. Overall, EC, TDS, and TH
exceeded in about 84%, 85%, and 22% of the area respectively. Jamali et al. 2022 while conducting a
detailed study on the groundwater of Taluka Larkana of district Larkana while making use of GIS
and water quality models such as WQI, SPI, and PIG, concluded that groundwater in Larkana is not
fit for drinking purposes. Studies revealed that in most parts of Taluka Larkana water is extremely
salty and EC, Ca, TDS, Mg, and Cl exceeded in about 84%, 31%, 84%, 37%, and 21% of groundwater
collected from Taluka Larkana. It was concluded based on the use of WQI, SPI, and PIG that 47%,
51%, and 50% of groundwater in Taluka Larkana ranged from very poor to unsuitable water
respectively. Jamali et al. 2022 in another study on Larkana particularly on the groundwater of rural
areas also revealed that in the western part of Larkana taluka the taste of 68% of samples collected
from 17 villages was highly bitter and unfit for drinking. Overall, the results of the analysis
summarized that about 100%, 88%, 72%, 68%, 60%, and 52% of the samples possessed concentrations
of EC, TDS, Mg, Cl, Ca, TH, and SO4 higher than the allowable limits fixed by the WHO. Assessment
of groundwater samples based on the SPI disclosed that 40%, 48%, 8%, and 4% of samples were
highly contaminated, slightly contaminated, and moderately contaminated, respectively. The WQI
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value described that 12%, 36%, 40%, and 12% of the groundwater samples were found unfit for
drinking, very poor for consumption, poor water, and good for health, respectively.

Moreover, Lanjwani et al. 2021 in a study on the groundwater of Taluka Dokri of district Larkana
found that the groundwater in Taluka Dokri was fit for drinking purposes. The higher contamination
was only found in the groundwater nearer to the Moen Jo Daro site. The groundwater nearer to the
Moen Jo Daro site was found contaminated by excessive concentrations of TDS, Cl, and EC. It was
confirmed by the use of the WQI that about 65% of groundwater in Taluka Dokri is safe to be drunk.
However, Ahmed et al. 2022 revealed that in Dokri about 2.56% of the samples possessed color and
odor beyond permissible limits, and about 23% of samples were unsuitable for drinking purposes
due to the salinity of groundwater samples. Overall, 30.77%, 38.46%, 30.77%, 41%, 100%, and 38.46%
of samples were unfit for human consumption based on the high concentration of Ca, Mg, TH, TDS,
EC, and Cl respectively. Additionally, results of the analysis of groundwater samples-based SPI
approach concluded that around 10.3% of samples were slightly polluted, 66.67% of samples were
moderately polluted, and 23% of samples were highly polluted. Overall, the result showed that
groundwater in UC Tatri, Baghi Bindi, and Wakro was slightly polluted; groundwater, in UC New
Badah, old Badah, and Dokri was extremely polluted; and groundwater in remaining all union
councils was moderately polluted, and in these UCs, water needed proper treatment before it is
consumed by living beings. In another study Lanjwani et al. 2022 while conducting an analysis of
groundwater of another taluka of district Larkana named Ratodero found that about 72% of
groundwater in Ratodero was very poor and unfit for drinking purposes. The EC, TDS, Cl, and F
were the contaminants that exceeded their allowable values of the WHO. Ahmed et al. 2022 carried
out another study on the groundwater of Taluka Dokri in which they made use of the SPI model for
an overall assessment of groundwater quality.

Kamber Shahdad Kot is another district of the Larkana division located on the west side of
Larkana district. Pathan et al. 2018 have revealed that in the groundwater of district Kamber Shahdad
Kot, the concentration of pH is within the recommended range. However, the concentration of CI,
EC, TDS, TH, and alkalinity is not within the safe limits as per the recommendations of the WHO.
Further, Lanjwani et al. 2020 revealed that for groundwater of Kamber Shahdad Kot TDS exceeded
the allowable limit of 1000 mg/l. It was further disclosed that the concentration of Cr, Pb, Ni, and
fluoride exceeded in more than 50% of groundwater collected from district kamber Shahdad Kot. It
was also confirmed by Lanjwani et al. 2022 in another study that in more than 80% of the groundwater
of district Kamber Shahdad Kot the concentration of fluoride exceeded the allowable level of
concentration and that was declared the main reason behind the diseases in the district kamber
shahdad Kot of larkana division.

Sarfraz et al. 2018 has found that in districts Kashmore and Jacobabd drinking water was
contaminated by the higher level of microbial contamination. It was found that nearly 70% of
drinking water sites in districts Kashmore and Jacobabd have been contaminated by fecal and total
coliform waste. Water quality parameters such as TH, Ca, Mg, Na, F, K, Zn, As, SO4, Cl, and TDS
were also exceeding in more than 50% of the groundwater of district Kashmore and Jacobabd.
Furthermore, Shahab et al. 2018 revealed that in Jacobabd where a water supply scheme is used for
drinking water, the concentration of water quality characteristics such as EC, TH, and TDS,
exceeded allowable levels of the WHO. In another study, Shar et al. 2021 revealed that in Garhi Khairo
and Kahsmore, the concentration of As was found to exceed more than 70% of groundwater.

Groundwater quality of the Shikarpur district has been evaluated by Shahab et al. 2019 while
conducting studies on the eighteen districts including Shikarpur and it was revealed that in
Shikarpur, TDS, EC, and TH concentrations were found beyond permissible limits.

It has been found that groundwater in district Larkana is extremely contaminated, particularly
in Taluka Larkana, and groundwater in other Talukas such as Ratodero and Dokri is also declining.
Drinking water quality in district Kamber Shahdad Kot of Larkana division is also not safe for
human health. Further, the drinking water quality of Jacobabad, Kahsmore, and Shikarpur has been
reported unfit for drinking by a limited number of scholars. Therefore, an extensive study on the
drinking water quality of these districts particularly for Shikarpur is required.
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5.4. Mirpur Khas Division

The groundwater of the Mirpurkhas district of the division of Mirpurkhas of Sindh province of
Pakistan has also been reported contaminated by various factors. Asghar et al. 2006 did a
comprehensive lab analysis of groundwater samples collected from seven villages in Mirpur Khas
and ten villages in Larkana district. The study found that in all the study areas of Mirpurkhas, arsenic
concentration was found below the maximum permissible limit as recommended by the World
Health Organization (WHO). However, Memon et al. 2016 in their study on the groundwater of
Taluka Drighri of Mirpur Khas district, found that the groundwater of Taluka Drighrii was unfit for
drinking due to lack of safe disposal of sewage and solid waste, and due to prolonged solid disposal
sites. It was found that in Taluka Drighri of Mirpur Khas district, 53% of water was saline because
the concentration of water quality parameters such as EC, TDS, and CL was exceeding the allowable
limit of the WHO The level of arsenic was also found to be excessively higher than the WHO
suggested values. Khan et al. 2018 reported similar results in their study and concluded that EC and
TDS exceeded the WHO limit in the district Mirpur Khas of MirpurKhas division of Sindh province
of Pakistan

It has been noted that many diseases in Tharparkar are associated with the bad quality of
drinking water. It has been found by Memon et al. 2011 in their study on the Thatta, Badin, and
Tharparkar that all water quality parameters such as TDS, EC, Hardness, and even fecal coliform in
drinking water Tharparkar exceeded allowable limits. Rashid et al. 2012 also divulged that more
than 75% of drinking water in Tharparkar had higher concentrations of EC, As, TDS, TH, and other
heavy metals. The presence of As in the drinking water of Tharparkar was also indicated by Barhman
et al. 2016 in their analysis. Bhatti et al. 2018 carried out an analysis of drinking water in the
Nagarparkar part of Tharparkar and concluded based on the use of WQI that 20% of water was very
poor water quality and 30% of the water in Nagarparkar was unsuitable for drinking purposes. The
contaminants that exceeded the allowable limits of the WHO included 83% of water that had EC and
TDS above 400 uS/cm and 1000 mg/1 respectively. Moreover, Khuhawar et al. 2019 investigated about
2193 dug wells in the Tharparkar for drinking purposes and revealed that about 71% of dug wells
exhibited a concentration of TDS beyond 1000 mg/1 allowable limit fixed by the WHO; and chloride,
sulfate, Arsenic (As), and fluoride was also beyond allowable limits. Jakhrani et al. 2019 also
confirmed that in the drinking water of the Tharparkar district of MirpurKhas division, the EC and
TDS were excessively beyond the WHO allowable values.

Additionally, when Bhatti et al. 2020 checked the impact of the dam site on the groundwater
quality of the Tharparkar district of the MirpurKhas division; it was found that the concentration of
pH, SO4, Fe, CU, Mn, Zn, As, and fluoride exceeded allowable limit in about 60% of groundwater.
Further, the use of the WQI concluded that 40% of groundwater became very poor to unsuitable for
drinking due to the dam site. Kumar et al. 2020 also found that almost 100% of water-dug wells in
the Tharparkar district of the MirpurKhas division are contaminated with excessive concentrations
of TDS, EC, pH, As, and other metals. The application of the WQI also indicated that the drinking
water in Tharparkar is in the range between very poor to unsuitable water. Similar results were also
reported by Meghwar et al. 2021.

Overall, the literature review reveals that drinking water in the Tharparkar district of
MirpurKhas division is unsuitable for drinking due to exceeding presence of TH, TDS, EC, As, Cl,
Ca, Mg, fecal coliform, and other impurities. Although a little research work has been done on the
quality of drinking water of districts MirpurKhas and Umerkot, water in these districts has also been
reported as not suitable for drinking.

5.5. Shaheed Benazirabad Division

The Shaheed Benazirabad division is divided into three major districts Shaheed Benazirabad
district, Sanghar, and Naushahro Feroze district. Literature regarding the drinking water quality of
each district is listed is analysed based on these research works.

Literature reveals that a very limited study on the groundwater of Naushahro Feroz has been
done. However, these studies such as Akram et al. 2020 have revealed that in Naushahro Feroz
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various water quality parameters such as pH, Cl, EC, TDS, DO, and COD are within allowable
limits. On the contrary, Shahb et al. 2019 have revealed that, although TH, pH, and Cl Naushahro
Feroz were within the allowable limit of the WHO, EC and TDS exceeded the WHO limits. However,
in none of these any numerical model such as WQI or SPI used, so, the accurate depiction of
groundwater quality in district Naushahro Feroz has not been achieved yet.

According to Erum et al. 2017 only sodium and potassium in the drinking water of Sanghar
exceeded the allowable limit of the WHO. However, Ullah et al. 2021 revealed in another study in
which the Entropy Water Quality Index (EWQI) was also employed that 28% of groundwater in
Sanghar represented poor water, and 18% represented unfit drinking water. Arsenic was also found
to exceed the WHO limit. Mahara et al. 2022 in their broad detailed study of all Talukas of district
Sanghar found that in three Talukas of district Sanghar Arsenic had been found; Taluka Jam Nawaz
Ali depicted about 71% of water having TDS beyond the WHO limits.

Analysis of drinking water in the district of Shaheed Benazir Abad has also been conducted by
various scholars. Majidano et al. 2008 during their study on the drinking water of district Shaheed
Benazir Abad it was disclosed that around 80% of water in the Shaheed Benazir Abad was found
highly polluted due to the higher values of TDS, Cl, DO, NO2, NO3, Ca, and Mg. Majidano et al. 2010
also evinced that in the Daur part of Shaheed Benazir Abad, about 73% of groundwater depicted
higher concentrations of water quality parameters such as pH, EC, TDS, TH, Mg, Ca, Cl, SO4, Zn, Pb,
Overall, about 74% of drinking water in Daur part of Shaheed Benazir Abad was unsuitable for
drinking purposes. In another research study, Kandhro et al. 2015 evinced that 70% of water in
Shaheed Benazir Abad was unsuitable for human consumption because the majority of sites had been
excessively contaminated by toxic metals. It was found that even out of 60 water supply schemes only
4 represented good quality water and in the remaining 56 water supply schemes water quality
parameters were beyond the WHO limits. Kandhro et al. 2019 also confirmed that about 60% of
groundwater in Shaheed Benazir Abad is extremely unsuitable for drinking. Further, Shah et al. 2019
in another research work while analyzing drinking water quality in nineteen districts of Sindh
province including Nawabshah/Shaheed Benazir Abad concluded that water in Shaheed Benazir
Abad was unfit for drinking due to the exceeding concentration of TDS, Cl, EC, and NO2, NO3, Ca,
and Mg hardness. DO, NO, NO3, Ca, and Mg. Akhtar et al. 2021 also found that TDS, TH, Ca, and
EC in the water of Shaheed Benazir Abad exceeded allowable limits.

Overall, it was revealed that in Shaheed Benazir Abad division, the drinking water of district
Shaheed Benazir Abad is polluted by TDS, EC, TH, Ca, Mg, and other water quality parameters.
Arsenic had also been found in the Sanghar district of division Shaheed Benazir Abad. Very limited
work has been conducted on the drinking water of Naushahro Feroz, therefore, a detailed study
based on the GIS, WQI, or SPI is needed to be conducted on the drinking water quality of Naushahro
Feroz and other parts of Shaheed Benazir Abad division.

5.6. Sukkur Division

Sukkur division is one of the largest divisions of Sindh province and is divided in district
Sukkur, Khairpur Mir’s and Ghotki and Khairpur. Baig et al. 2011 revealed that in Thari Mirwah part
of Khairpur Mir's water was contaminated by Arsenic, which is the most dangerous pollutant causing
cancer in human beings.

Further Shar et al. 2014 revealed that in the Thari Mirwah part of Kkhairpur Mir, about 60-70%
of drinking water is unfit for drinking due to the value of EC, TDS, TH, Cl, and other heavy metals
being beyond permissible limits of the WHO. Ali et al. 2015 found that in the Ranipur part of
Khairpur Mirs, about 50% of water exhibited a concentration of EC above the allowable limit fixed
by the WHO. It was also further confirmed by Majidano et al. 2017 that in the groundwater of
Khairpur Mir’s the EC was found to exceed the 400 uS/cm recommended values of the WHO. It was
found that in the Thari Mirwah and Kotdiji areas of Khairpur Mir’s the values of EC exceeded 3480
uS/cm and TDS was also found excessively high in these areas. Furthermore, Khan et al. 2018 while
analyzing the drinking water quality of thirteen different districts of the Sindh province of Pakistan
including Ghotki and Khairpur Mir’s districts of Sukkur division that the groundwater in these
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districts is excessively contaminated by the higher values of Cl, TH, EC, and TDS. Qasim et al. 2018
during their study on the evaluation of the presence of Arsenic in the groundwater of Khairpur Mir’s
revealed that arsenic was excessively available in groundwater and it was about thirteen times higher
than the level fixed by the WHO. Additionally, Ansari et al. 2021 while conducting a study on the
drinking water quality of district Sukkur using the WQI model found that about 46% of groundwater
ranged from very poor to unsuitable water. Groundwater in Sukkur was found contaminated by the
higher concentration of EC, TDS, TH, Cl, Ca, Mg, and 504 was found in Sukkur.

Opverall, in Sindh province the concentration of water quality parameters such as Cl, EC, TDS,
TH, SO, NO2, NO3, Mg, Ca, Zn, Pb, F, and Fe, are beyond permissible limit. pH is found within
allowable limits in Sindh province and As is found beyond allowable limits in regions located nearer
to river and coastal side of Arabian sea such as Badin, Thatta, etc. Major contaminants and causes of
contaminants are shown in Table.1

Table 1. Major Contaminants and causes of contaminations.

Rank Major  Contaminant beyond Major Cause
allowable limits
1 As (Arsenic) Seawater intrusion
2 TH (Total Hardness) Flood and sewage water mixing
3 TDS (Total dissolved Solids) Sewage mixing; leachates; Fertilizers
4 Cl (Chloride) Sewage mixing; leachates; Fertilizers
5 EC (Electrical Conductivity) Sewage mixing; leachateste;
Fertilizers
6 Ca (Calcium) Degradation of rocks
7 Mg (Magnesium) Degradation of rocks
8 E-Coli Fecal waste; Sewage mixing

5. Conclusions

Water is the life for human beings and other living organisms. However, water is also
responsible for the most dangerous diseases among human beings. When water flows on the surface
it comes in contact with a variety of minerals that get dissolved into water, but, not all dissolved in
water are good for human health. Dangerous chemicals such as Arsenic (As) if available in water,
they make water extremely polluted and are responsible for chronic diseases such as Cancer.
Moreover, other hazardous chemicals such as fecal waste, SO4, Total Hardness (TH), Total Dissolved
Solids (TDS), Calcium (Ca), Chloride (Cl), electrical conductivity (EC), and all such heavy metals are
responsible for degrading the quality of drinking water throughout the world. The drinking water in
the Sindh province of Pakistan is also affected by the excessive presence of such dangerous chemicals.
Overall, from the systematic review of literature it has been found thatin more than 60-70% of the
area in Sindh province does not have excellent quality of drinking water. The major contaminants
that are found excessively high in the groundwater of Sindh province are EC, Cl, Mg, Ca, TDS, As, F,
Zn, TH, Ni, and other heavy metals. Total and fecal coliform have also been found in the groundwater
of Sindh province. The major reason behind the degrading quality of drinking water in Sindh
province is the mixing of sewage and seawater with groundwater. Therefore, it has been
recommended that proper monitoring of seawater and sewage should be carried out.
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