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ABSTRACT

The coastal district Thatta of Sindh Province is the area where availability of freshwater is a
critical factor for the human survival and livelihood. As such, there are no perennial surface
water resources available in the district except of River Indus and its canal system. In view
of the changing climate change scenario of the coastal areas of Sindh, this study was under-
taken to determine the availability and quality of surface water available in Thatta district.
Results of the present investigation indicate that the water from the canals was not suitable
for drinking as per WHO guidelines and National Standards for Drinking Water Quality
Pakistan. Agriculture run-off, sewage leaks and metals quite often contaminate the surface
water resources. However, users have no method to judge its quality except for the taste.
Thus, most of the residents drink polluted water unknowingly, and do not question its
quality. Increasing variability in rainfall pattern and reduced flow in the River Indus at
downstream aggravates the problem that further reducing water supply available for
human use.
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1. Introduction

Climate change has the potential to compound the
prevailing development problems and increase pres-
sure on key resources needed to sustain growth in
South Asia. This region is particularly vulnerable to
climate change owing to its high population density,
concentrated poverty and existing climate variability.

The most densely populated river basins of the
world, which supports more than 700 million people,
are situated in this region. These rivers basins such as
Indus, Ganges, Brahmaputra, Yangtze and Yellow riv-
ers satisfy the water need of almost 1.4 billion people.
However, seasonal water availability in these rivers is
affected substantially by climate change, but to what
extent is yet unclear. Brahmaputra and Indus basins
are most susceptible to flow reductions which is
responsible for food security of an estimated 60 million

*Corresponding author.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 18668–18678

Augustwww.deswater.com

doi: 10.1080/19443994.2015.1094418

mailto:aamirkhan.ku@gmail.com
mailto:sherwanis66@gmail.com
mailto:shahid_shaukat2007@yahoo.co.uk
mailto:shoaib.shahab@merckgroup.com
mailto:ilda.mannino@univiu.org
http://dx.doi.org/10.1080/19443994.2015.1094418


people [1]. WHO already mentioned that most
semi-arid river basins in developing countries are vul-
nerable to climate change mainly because of rising
water demand due to increase in population and lower
coping capacity [2]. Singh and Bengtsson suggested
that 2˚C rise in summer temperature will reduce the
river flow up to 18% [3].

Arnell reported that the people living in Pakistan
would face severe water stress in coming decades [4].
However, it would be more appropriate to say that
actual water stresses will depend on how water
resources are managed in the future. Alcamo and
Henrichs included Pakistan as water-stressed country
because of increase in water withdrawals and
decreased water availability [5]. Pakistan is considered
as highly sensitive area with respect to global climate
changes than other regions. Briscoe and Qamar indi-
cated that Pakistan has already fallen below the water
stress threshold and will reach a condition of water
scarcity by 2035 [6]. However, their estimate is based
on available water and a lower population than cur-
rently available estimates. Therefore, the current and
projected situation could be more severe than they
have estimated [7].

The province of Sindh in Pakistan is located on the
western corner of South Asia. On the eastern side,
Sindh is bounded by Thar desert, on the western side
are the Kherthar mountains and at the south is the
Arabian Sea. The central area is fertile plain around
the River Indus. There are now 22 districts in Sindh.
Of 970 km long coastline of Pakistan, Sindh coastline
is about 270 km long [8]. The coastal belt of Sindh is
highly vulnerable to climate change as exhibited by
severe drought from 1996 to 2003, decreased rainfall
up to 10–15% in the last 40 years, and recorded four-
teen cyclones from 1970 to 2001 [9].

Thatta is the coastal district of Sindh that occupies
an area of 17,355 sq km. The district is administra-
tively subdivided into seven sub-districts; these are
Mirpursakro, Ghora bari, Keti Bundar, Shah Bundar,
Jati, Kharo Chan and Sujawal. This study focused on
the two sub-districts of Thatta namely Keti Bundar
and Shah Bundar. Keti Bundar is situated on one of
the mouths of River Indus called ochito [10]. The total
area of Keti Bundar is approx. 60,969 ha, while that of
Shah Bundar is 3,074 km2.

In broad terms, surface drainage patterns in dis-
trict Thatta has a hydrological regime similar to that
of areas with basin and range landforms found in
warm to hot arid areas. The steep gradient of the river
bed and the catchments of the tributaries depicted that
the flow is available only for a short period following
rainfall. This condition rendered little opportunity for
infiltration through river bed.

Indus River is the main source of surface water in
the district Thatta that provides natural source of
water that support local ecosystems. Water is diverted
from the river through government or privately
owned canals for irrigation of nearby fields and for
domestic use in villages.

In Pakistan, on an average 73% of the flow from
the Indus is extracted from the canal systems that
indicate a highly stressed system. Since the rainfall is
quite erratic and the spells of droughts are quiet fre-
quent which rendered the canal system of lower Sindh
(district Thatta) virtually devoid of water where in the
drought period the situation is more alarming. During
the droughts that occurred from 2000 to 2003, virtually
the entire flow was abstracted leaving nothing to sup-
port the ecology which aggravated salt water intrusion
from the Arabian sea on the lower river reaches [7].

In the current face of climate change, it would be
imperative to focus not only on the quantity of water
but also the quality of water is equally important. This
study envisaged to determine the availability and
quality of surface water available in the coastal district
Thatta of Sindh province.

2. Materials and methods

Emerging trends in the scarcity of water were anal-
ysed with respect to climate change in the study area.
The analysis was further supplemented with field sur-
veys, and the trends in water scarcity were inquired
through interviews conducted with the selected
respondents. These respondents were the local farm-
ers, government officials and representative of NGOs.

2.1. Sampling

The water sampling was focused on the surface
water available in the study area. The water samples
were collected from private and government-owned
canals and the water available at downstream of River
Indus.

2.2. Physicochemical analysis

The samples were analysed for pH, biological oxy-
gen demand (BOD5), chloride, chemical oxygen
demand (COD), dissolved oxygen (DO), hardness as
CaCO3, sulphate, nitrate, phosphate, turbidity (NTU),
total dissolved solids (TDS) and total suspended solids
(TSS).

pH and DO were determined on site. pH was
determined by Hanna portable pH meter (HI98107),
while DO was measured by DO meter (Jenway 970).
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Biological oxygen demand was measured using
azide modification method as mentioned in the Stan-
dard Methods for the Examination of Water and
Wastewater [11].

Chloride was estimated by Argentometric method
[11]. Hardness as CaCO3 of water samples was mea-
sured by EDTA titrimetric method [11]. Sulphate, TDS
and TSS in the samples were measured by gravimetric
method [11]. Turbidity was ascertained by EUTECH
meter, Model no. TN-100.

The nutrient parameters such as nitrate and
phosphate were determined by brucine method and
ascorbic acid method [11].

2.3. Metal analysis

The samples were also analysed for heavy metals
including As, Cr, Cu, Fe, Mg, Mn, Pb and Ni. The
above-mentioned parameters were analysed using
appropriate kits of Merck (NOVA 60), Germany.

2.4. Bacteriological analysis

The public health quality of water samples was
assessed using the following parameters, total col-
iforms count (TCC), total faecal coliforms (TFC) and
total faecal streptococci (TFS). The samples were pro-
cessed in laminar flow hood using sterilized culture
media. The sterility of media was checked prior to use.
The TC was estimated using lactose broth (Merck, Ger-
many) of single and double strength. The positive lac-
tose tubes were used for the determination of FC using
EC broth (Merck, Germany). TFS were determined by
using sodium azide broth as reported by Mallmann
and Seligmann [12]. The bacterial load of water sam-
ples was estimated by most probable number (MPN)
technique as per Standard Methods for the Examina-
tion of Water and Wastewater (APHA, 2005) [11].

2.5. Statistical analysis

The data were statistically analysed using
STATISTICA (99 Edition) software. Descriptive statis-
tics including mean, median, minimum, maximum,
quartile range, standard deviation, standard error,
skewness and kurtosis were computed for each of the
variables. Principal component analysis (PCA) was
applied on the normalized data sets of physical,
chemical and microbiological characteristics of ground
water of different sites. Cluster analysis and PCA were
performed using the appropriate software mentioned
above. For cluster analysis, Wards method was
employed.

3. Results and discussion

The riverine area of Sindh province is about
2.112 million acres lying on both the sides of the main
stream of the River Indus, within the two flood protec-
tive embankments. The area extended between district
Kashmore and Indus delta up to the sea coast. Indus
basin is one of the largest river basins in Asia, which
is covering an area of 1 million km2 approximately
[13]. Its annual flow is 207 billion cubic metres. The
irrigation through River Indus covers an area of
approximately 18 million hectares which is 78–80% of
Pakistan’s total cultivated area [14]. The Indus River
and its tributaries provide nearly 60% of the water uti-
lized for irrigation. Kazi reported that after indepen-
dence, the freshwater flow in Indus River reduced
from 150 to 1 million acre-feet (MAF) annually [15].
The flow of water at downstream is reduced tremen-
dously reducing deltaic ecosystem from 3,000 to
250 km2 [16].

The long-standing dispute on water allocation
among provinces in Pakistan is not yet solved. IUCN
in its study recommended that at least 27 MAF should
be released at downstream of River Indus to maintain
and restore the deltaic system [17]. Together with cli-
mate change, problems and also the upstream diver-
sion, the water hardly reaches at the delta and just
remained 2 MAF during most of the periods of year
[18]. Owing to the reduced flow, Indus is now in the
list of top 10 rivers of the world that is at risk due to
water shortages.

Table 1 represents the flow of western and eastern
rivers together with the water availability at the
downstream of Kotri barage. Table 1 clearly shows the
gradual decrease in the flow of the main tributaries of
River Indus. The minimum flow at downstream was
0.29, while the maximum flow recorded was 30.67
MAF. From the period of 1 April 2010 to January
2011, the average flow was 54.42 MAF. This was
mainly due to heavy rainfall and flash flood in the
entire province and upper reaches of River Indus. Due
to the reduced supply of freshwater at downstream,
most of the nutrients that the Indus River could sup-
ply to the water of the north Arabian Sea do not reach
there [19].

The irrigation in Sindh is mainly controlled by
largest canal network in Asia. The network comprises
03 barrages/head works and 14 main canals and their
tributaries. In addition, the network also includes
44,000 water courses running approximately
1,32,000 km. The entire network feeds an area of 5.0
million hectare along the River Indus.

The average rainfall in district Thatta is only
100 mm against the average rainfall of the country,
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200 mm, which makes the survey area heavily depen-
dent on canal water supplies. Canal water supply is
highly erratic depending on the seasonal flow of River
Indus. The flow of around 50% of the canals in the
area was negligible at the time of sampling. These
canals were not protected in any way from contamina-
tion. Whilst this may be unimportant that where water
is used for irrigation or as a water supply for animals,
there is a potential for bacteriological contamination
that may affect water quality as the same is used for
drinking as well.

The lesser availability of water in the canals during
sampling is also associated with the fact that the water
is available through a controlled irrigation system
locally known as wara bandi. During distribution of
water through wara bandi system, approximately 35%
of irrigation water is lost before reaching the farm gate
as reported by Bandaragoda [20]. This would mean
that a part of water scarcity still the water distribution
network would not give direct benefits to the local
farmers as half of the irrigation water delivered from
the reservoirs being lost during distribution. It may
also be noticed that wara bandi system itself is the
major constraint on canal water availability at the farm
gate; therefore, the purpose of allocation of water to
the farmers on an equitable basis is not being fulfilled
[21].

In the present investigation, it was found that since
the framers do not have control on water supplies,
therefore, they are unable to maximize irrigation water
productivity. Wahaj and Asghar already reported that
the controlled irrigation system in Pakistan is not
working satisfactorily [22]. The people of the study
area are having strong resentment regarding the water
scarcity; however, no attention is ever given that
pertains to effective and equitable use of available
water. Since in the study area the irrigation system is

controlled and the only available water resource is
River Indus, a constant discharge is required at the
main and secondary levels of the irrigation system.
However, in most of the period of year that seems to
be impossible in the current face of climate change
and already existing water scarcity in the country.
Moreover, district Thatta is located at the tail end of
River Indus hardly gets adequate water particularly
during dry spell. The irrigation delivery system, by
law, remains closed once in a year (generally, in
months of December and January) when evaporation
rate and crop water demand are low [21]. Moreover,
the frequent droughts are common in the study area
which is an indication of climate variability; therefore,
canal water supplies are minimal. Even if there is no
flow in the canal, which is a common phenomenon,
the farmers deprived weekly watering opportunity,
with no compensation. This inequitable distribution of
water scarcity among the farmers has affected the
farm area under cultivation and has a large effect on
farm incomes particularly in Sindh [21].

The quality of surface is an important issue espe-
cially in the areas where it is used for drinking pur-
poses. It was studied in details by many workers
[23,24].

3.1. Physicochemical analysis results

The descriptive statistics of all the parameters are
given in Table 2. pH of all the samples ranged
between 7.4 and 7.9, while the mean of all the samples
is 7.64. In general, the pH of all the samples was
slightly alkaline.

The main indices generally used to determine the
organic pollution load in an aqueous system are
biochemical oxygen demand, COD and total organic
carbon (TOC). BOD represents the biodegradable

Table 1
Western and Eastern Inflows and at Down Stream Kotri, Post Tarbela Average (1976–77 to 2009–10)

Rivers Discharge point Maximum flow (MAF) Minimum flow (MAF) Average (MAF)

Western Rivers Indus at Kalabagh 112.18 66.81 89.71
Jhelum and Chennab 64.69 29.70 48.68
Total 176.87 96.51 138.39

Eastern Rivers Ravi at Balloki 10.95 0.29 4.23
Sutlej at Sulemanki 10.62 0.01 2.59
Total 21.57 0.30 6.82

Total flow of western and eastern rivers 198.44 96.81 145.21
Flow at downstream Kotri 91.86 0.29 30.67
Flow at downstream Kotri from April 1,

2010 to January 2011
54.42

Source: Indus River System Authority (IRSA).
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portion of the organic pollutants, while COD
represents the pollution load of most wastewater
discharges [25].

The average BOD concentration of all the samples
is 112.09 mg/l. From the public health view point, the
BOD concentration is quiet higher (Table 2) as the
source is also used for drinking as well. High levels of
BOD are surely an indication of increased organic load
mainly of anthropogenic origin. Partly high BOD level
close to the human settlements is also due to the
dumping of solid waste by the local communities
which undergo microbial decomposition and thus
increase organic load. A high BOD level tends to
reduce DO concentration because oxygen is consumed
by bacteria creating anoxic condition also detrimental
to aquatic life. High BOD could also be attributed to
high SS concentration. EEA reported that over 80% of
Rivers in northern Europe have a biochemical oxygen
demand of 2.0 mg/l, which indicates a relatively clean
river [26]. If that figure is considered as standard, then
all the water samples were heavily polluted due to
organic load.

Comparatively COD of all the samples were also
exceptionally higher as can be seen from Table 2.
This could be an indication that the surface water is
gravely polluted with organic and inorganic contami-
nants. Higher COD values are observed particularly
at the sites close to the human settlements (SW-9, 10,
16, 17, 18, 23, 24, 25, 31 and 32) (Fig. 1). The trend of
COD is depicting similar trend as that of BOD. Mean
COD values of all the samples was 694.09 mg/l. Jin
et al. opined that there is no apparent linear relation-
ship between BOD and COD in relatively clean
seawater samples away from the shore [27]. How-
ever, in estuary having relatively high concentration
of sewage contamination, a linear correlation does
exist between BOD and COD. In the present case,
there is no source of industrial waste, which could
pollute surface water. However, untreated domestic
wastewater from the nearby settlement finds its way
to the canal system. The high COD values also indi-
cated continuous accumulation of toxic chemicals.
These toxic chemicals may usually come from agri-
culture run-off.

Table 2
Descriptive statistics of physical, chemical and biological parameters of surface water samples

Parameters
(mg/l) Mean Median Min. Max.

Quartile
range

Std.
dev.

Std.
error Skewness aNSDWQ (mg/l)

pH 7.64 7.60 7.40 7.90 0.10 0.12 0.02 0.17 6.5–8.5
BOD5 112.09 97.00 68.00 177.00 71.00 36.31 6.23 0.48 N/A
COD 694.09 690.00 378.00 912.00 131.00 117.69 20.18 −0.51 N/A
Chloride 471.68 483.50 325.00 582.00 48.00 63.84 10.95 −0.47 <250
DO 5.75 5.90 4.80 6.2 0.40 16.17 2.77 5.82 N/A
Hardness as

CaCO3

423.68 426.50 311.00 516.00 73.00 54.51 9.35 −0.55 <500

Sulphate 174.77 175.50 100.00 199.00 13.00 16.89 2.90 −2.47 N/A
Nitrate 3.15 3.26 1.71 5.32 1.23 0.79 0.13 0.26 N/A
Phosphate 4.96 4.79 4.08 6.28 0.67 0.60 0.10 0.62 N/A
Turbidity

(NTU)
33.84 34.43 25.50 39.32 7.08 3.70 0.63 −0.40 <5 NTU

TDS 955.71 947.50 672.00 1,326.00 243.00 157.77 27.06 0.45 N/A
TSS 205.15 198.00 167.00 360.00 29.00 36.55 6.27 2.65 N/A
As 0.04 0.04 0.02 0.08 0.02 0.02 0.00 0.92 <0.05
Cr 0.04 0.03 0.01 0.09 0.04 0.02 0.00 0.51 <0.05
Cu 0.25 0.23 0.02 0.67 0.31 0.20 0.03 0.52 2.0
Fe 0.46 0.47 0.10 0.74 0.16 0.14 0.02 −0.36 N/A
Mg 515.94 513.00 265.00 778.00 205.00 137.65 23.61 0.17 N/A
Mn 0.35 0.31 0.12 0.63 0.22 0.15 0.03 0.41 <0.5
Ni 1.53 1.39 1.16 2.74 0.28 0.43 0.07 1.91 <0.02
Pb 1.10 0.36 0.19 4.02 1.81 1.15 0.20 1.00 <0.05
TCC 2,132.35 2,400.00 1,100.0 2,400.00 0.00 533.55 91.50 −1.52 Must not detectable in any

100 ml sample
TFC 1,839.71 2,400.00 3.00 2,400.00 1,300.00 858.17 147.17 −1.06 N/A
TFS 865.15 1,100.00 3.00 1,100.00 640.00 385.61 66.13 −1.24 N/A

aNSDWQ = National Standards for Drinking Water Quality, 2008, Ministry of Environment, Government of Pakistan.
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The mean DO concentration of all the samples ran-
ged between 4.80 and 6.2 mg/l. This could be mainly
because of dissolution of atmospheric oxygen due to
high wind velocity in the area.

The concentration of chloride and hardness are
typically higher as compared to the National Stan-
dards for Drinking Water Quality Pakistan (NSDWQ).
The former ranged from 325 to 582 mg/l, while latter
was in the range between 311 and 516 mg/l.

It may not out of place to indicate that about 78%
of the irrigated land in Sindh is underlain with saline
or brackish water, which cannot be used for agricul-
ture. This issue together with already existing brackish
ground water in the coastal areas of Sindh is compro-
mising the agriculture sustainability. In fact, the prime
cause of water logging and salinity problem is mainly
due to the faulty irrigation system [28]. The problem
further aggravated due to the contour of the area,
seepage from unlined canals and the absence of ade-
quate drainage system. The water sample collected
from one of the canal showed the salinity value up to
35.1 part per thousand. Moreover, increase in irrigated
area is responsible for rise in the salinity of soil in
Sindh [29]. The drastic reduction in flow of Indus is
virtually converting agriculture land to a saline desert
[28]. Samdani reported that salinity problem in coast-
line of Sindh is mainly attributed to capillary rise in
groundwater, seawater intrusion and flooding [30].
Salinity and water logging remain serious problems in
irrigated areas of Sindh particularly in the study
where much of the groundwater is naturally saline (of

marine origin) and thus unsuitable for irrigation as a
substitute for canal diversions. People have no choice
except to drink the brackish water. The consumption
of such type of water is responsible for a number of
non-specific waterborne diseases, which is evident in
the local population.

The concentration of nitrate is well within the limit
as compared to NSDWQ; therefore, they would not
pose any serious threat to human health. The major
source of nitrate is through the indiscriminate use of
inorganic fertilizer that may enter into the canal sys-
tem through agriculture run-off.

The guideline value for the sulphate is not avail-
able in NSDWQ; however, concentration up to
500 mg/l is safe for drinking. The people consuming
water containing sulphate in concentrations exceeding
600 mg/l may suffer from cathartic effects [31].

Maximum permissible limit of phosphate is not
available in NSDWQ; however, the possible source of
phosphate could be the inorganic fertilizers which are
indiscriminately used in the study area. The total
phosphate concentration ranged between 4.08 and
6.28 mg/l. The mechanism of flow of nutrients, includ-
ing phosphorus, between sediments and water is a
complex phenomenon which is influenced by biologi-
cal, physical and chemical processes and depends on
pH, temperature and redox potential [32].

All the water samples are highly turbid and have
crossed the turbidity limit as reported in NSDWQ
(Table 2). The presence of high turbidity is mainly
due to the presence of high suspended solids. These
suspended solids may include a wide variety of
materials, such as silt, decaying plant and animal
matter that can increase the turbidity of water. If
they are of biological origin, they would tend to
increase the biological oxygen demand. Water con-
taining high concentration of TSS does not allow the
light to penetrate which is detrimental for submerged
vegetation. In extreme conditions, the submerged
vegetation may even die due to unavailability of
light. The dead vegetation will be decomposed by
bacteria that will utilize more oxygen, thereby creat-
ing a condition of suffocation that is detrimental to
aquatic fauna. The TSS concentration ranged between
167 and 360 mg/l (Table 2). High TSS can also
increase surface water temperature as suspended
particles absorbed more heat [33]. Generally, the SS
concentration is relatively high during high hydraulic
load [34]. The concentration of TDS ranged between
672 and 1,326 mg/l with an average of 955.71 mg/l.
High TDS concentration deprecate the palatability of
water.

The interpretation of these results ascertains that
water quality is not good for human consumption and

Fig. 1. Sites of sample collection of surface water.
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would be a source of ailment in the local population.
It has been anticipated that any change in freshwater
flows in the River Indus may result in the changes
in turbidity, salinity, stratification and nutrient
availability, all of which affect estuarine and coastal
ecosystems.

3.2. Metal analysis results

The results of metal analysis are shown in Table 2.
Arsenic was present in below detectable limit in all
the samples (Table 2). It is quite surprising to note
that the samples also contain Cr, while there is no
industrial activity in and around the area. Cr concen-
tration ranged between 0.01 and 0.09 mg/l. Moreover,
no tannery is located in the vicinity. The concentration
of Cr although relatively low, however, continuous
consumption of water contaminated with Cr would
pose serious health implications. Its maximum per-
missible limit is <0.05 mg/l.

The maximum permissible limit of Cu is 2.0 mg/l
as per NSDWQ. As can be seen from the Table 2, the
mean concentration of Cu is 0.25 mg/l. The concentra-
tion of Fe in water samples ranged between 0.10 and
0.74 mg/l. The maximum permissible limit of Fe is
not given in NSDWQ. As such it will not be responsi-
ble for causing any serious health problem. The mean
concentration of Mg is 515.94 mg/l. Both Ca and Mg
are responsible for causing hardness in water. Mn in
all the samples ranged between 0. 12 and 0.63 mg/l
which is relatively higher as compared to NSDWQ
which is <0.05 mg/l. Similarly, the concentration of Ni
on an average was 1.53 mg/l, whereas the limit as per
NSDWQ is only <0.02. The origin of these metals is
quiet uncertain. They may possibly be coming from
the soil sediments.

The average concentration of Pb in all water sam-
ples was found to be 1.10 mg/l. Farooq et al. reported
the heavy metal concentration found in Indus River
[35]. They suggested that elevated concentration of Pb
can mainly be attributed to anthropogenic activities.
The results of Farooq et al. corroborate the present
findings [35]. The health risks associated with these
metals are also of great concern and were noticed by
many workers [36,37].

3.3. Bacteriological analysis results

Bacteriological quality of surface water is reported
in Table 2. It was found that none of the water sample
was fit for human consumption as per WHO guideli-
nes for drinking water [38]. All the well water samples

were reported to be contaminated with the organisms
of public health importance (Table 2).

Meyberck reported that the faecal coliforms up to
106/100 ml are commonly found in Pakistan, India,
Indonesia and Pakistan [39]. These organisms are the
continuous source of ailment in the local people of the
area. Gumbo reported that infectious water-related
diseases are most important in the developing coun-
tries [40]. The people have no exception as depicted
from the conversation with local people. Gumbo also
reported that unless drinking water supplies are
improved, there is a little hope of controlling commu-
nicable diseases in the population [40].

Since the people have no choice except to consume
the contaminated water, waterborne diseases are com-
mon among the population. Bacteriological analysis
reveals that there is an increase in contamination due
to organisms of public health importance after rain.
This could be possibly due to the run-off from the sur-
roundings providing favourable conditions for the
organisms to sustain and multiply. Since the number
of faecal coliforms (FC) and faecal streptococci (FS)
discharged by human beings and animals are signifi-
cantly different, it is suggested that the ratio of FC to
FS count in a given sample can be used to detect
whether the pollution is derived from the human or
from animal wastes. The FC/FS ratio in water in ani-
mal origin is generally considered less than 1.0,
whereas it is more than 4.0 for human beings. If the
ratio is within 1 to 2, the interpretation is uncertain.
This ratio is very helpful in determining the source of
pollution [41]. The number of FS was relatively low in
all the samples. The reason of faecal contamination
could be the anthropogenic activities near the canals.
Proper selection and protection of water sources as in
present case are of prime importance in the provision
of safe drinking water. Shar et al. also reported that
the quality of surface water is generally poor as com-
pared to groundwater from the public health point of
view [42]. Aziz reported that most of the drinking
water supplies in Pakistan are faecally contaminated
and result in high incidence of waterborne diseases
[34]. In general, during the rainfall and flood condi-
tions, the microbial load of the flowing water increases
which depreciates the water quality [43]. It is always
better to protect water from contamination than to
treat it after it has been contaminated. Protection of
surface water is, however, a problem, if water supplies
are to remain potable, both the source and the catch-
ments need protection. For this purpose, the water
should be protected from contamination due to
anthropogenic activities.
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3.4. Statistical analysis results

The result of PCA ordination is given in Fig. 2 and
Table 3. The three dimensional PCA ordination shows
a well-defined cluster on the left characterized by high
sulphate, high nitrate and lower chloride concentra-
tions. Next to it stands a loose group of stands with
high nitrate and phosphate and relatively low in hard-
ness. Next to this group on the lower side of the con-
figuration is a diffuse group of sample characterized
by low hardness and higher levels of nitrate and sul-
phate. The group above this which is somewhat closed
includes samples with low BOD and low sulphate and
nitrate. The first principal component explained
25.63% of the variance, the second 16.89%, while the
third is 9.98%. Together the first three components
explained 52.63% of the total variance. The first
component is primarily a function of lead (Pb),
hardness, turbidity and BOD. The second component
is basically controlled by Cu, As, Ni and TFS, while
the third component is predominantly related to sul-
phate, nitrate, Ni and As.

The dendogram derived from weighted pair
group method is given in Fig. 3. Group 1 includes
eleven samples characterized by higher BOD,
chloride, nitrate but low Pb and Ni. Group “2a”
including six samples shows high TSS and BOD,
low Mg and As, while “2b” that comprises 17
samples exhibits low pH, BOD, nitrate and high
sulphate, Ni and Mg.

The study reveals that accessibility to safe drink-
ing water is major problem in the study area. This
issue is more dependent on the level of technical
water supply infrastructure than on the level of run-
off. However, the objective to provide safe drinking
water will be difficult to achieve particularly if the
run-off in the River Indus would decrease as a result

of climate change. The climate change would also
enhance additional cost for water supply sector due
to variability in water levels affecting water supply
infrastructure, which might hamper the extension of
water supply services to more people. Furthermore,
the impact of climate change on water supply costs
will increase in the future, not only because of
increasing climate change but also due to increasing
demand. Moreover, if irrigation use is allowed to
increase in response to increased demands, that
would amplify the decreases in run-off and stream
flow downstream [44].

It is expected that low flow in the River Indus dur-
ing summer will reduce water availability for agricul-
ture. During these periods, the water demand for
agriculture is expected to increase due to higher tem-
peratures. The major water demanding crop in the
study area is rice. In fact, the district Thatta and Badin
are the major rice-producing areas in the province.
Since the variability of water is highly questionable to
these tail end districts, the farmers have switched over
to other less water demanding crops. Similarly, the
study area was also known for sugar cane production.
However, the cultivation of sugar cane is only
restricted to some places owing to the shortages of
water. During field visits, it was witnessed that the
farmers have no choice in the water scarce scenario
but to grow water resistant crops like sunflower. Sun-
flower cultivation is emerging as new cash crop in the
study area but farmers hardly get the required income
out of sunflower cultivation. It may be pointed out
here that climate change is not the only one factor that
influences water stress other factors such as popula-
tion, socio-economic and technological changes may
also play important role among water demand and
stress.

Fig. 2. Dendogram derived from weighted pair group average between 56 sites based on metal quality of water.
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4. Conclusions

Supply and demand of water in the study area is
mainly based on water management systems. It can be
argued that the rainfall patterns in the area are irre-
versibly altered due to climate change, and the avail-
ability of surface water resources is being changed. Due
to the non-linear character of hydrological processes,
modest changes in rainfall can lead to considerable
changes in water availability to the stakeholders [45].

What is anticipated for the coastal areas of Sindh is
that climate change will probably alter the desired
uses of water. Given that, the climate change enhanc-
ing water scarcity relative to demand the area is still
not equipped for adaptation strategies that may
involve improve water use efficiency especially in the

agriculture sector, metering, pricing and the institu-
tional and infrastructure improvements.

The canal water is provided by local municipal
authorities. Water is diverted from some canals for
irrigation of nearby fields and for domestic use in
some villages. However, the discharges in these canals
were relatively low. None of the canal that was
inspected was protected in any way from contamina-
tion of the water after it had been discharged from
the source.

Whilst this may be unimportant where water is
used for irrigation or as a water supply for other pur-
poses, there is a potential for bacteriological contam-
ination that may affect quality as a drinking water
supply for people. Results indicated that on the basis
of WHO guidelines, water from the canals was not
suitable for drinking at the time of sampling. Agricul-
ture run-off, sewage leaks and metals, however, quite
often contaminate this source. However, users have no
method to judge its quality except for taste. Thus,
most of the residents drink polluted water unknow-
ingly and do not question its quality.
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