
Introduction

The economic importance of water is an emerging issue
worldwide, and there is an evolving development of
economic indicators and performance measures (Kalbus
et al., 2012). Economics is an important part of deve-
loping sustainable resource management practices. The
higher value of water now requires greater emphasis to
manage supply and demand (De Fraiture and Wichelns,
2010). The changing climate has contributed to greater
uncertainty and there is a need for a more structured
approach to risk management and water quality (Wilhite
et al., 2014).

The Indus is one of the main and longest rivers of
Pakistan. From its source Himalayas, it flows through
Kashmir along the length of Pakistan to the Arabian
sea and covering about 3200 kilometers (Begum, 2011).
The river Indus plays an important role in maintaining
and developing the economy of the country and act as
a backbone in the irrigation network (Yang et al., 2013).

Environmental degradation, along with safe drinking
water and lack of basic sanitation facilities, has a huge
impact on the health of the people (Capps et al., 2016).
It is a fact that the Indus river is polluted due to
indiscriminate discharges of untreated municipal waste-

water, industrial discharges and agriculture runoff
(Azizullah et al., 2011). Most of the municipalities in
Sindh province discharge their wastewater into the river
Indus without treatment (Memon et al., 2011). Kumar
et al. (2013) described in his study that the concentration
level of manganese, lead and iron was higher, whereas
in another studies carried out by Lashari et al. (2012)
showed higher concentration of cadmium and nickel
as prescribed by WHO. The aim of the current study is
to check the water quality parameters including heavy
metals, chemical and physical parameters in Indus river
water and its tributaries of province Sindh, Pakistan.

Materials and Methods

Study area and sampling. The river Indus originates
from the Himalayan mountains, runs through Ladakh,
Kashmir, Gilgit Baltistan covering the entire length of
Pakistan and finally flows out into the Arabian sea. The
Indus river is a national and longest river in Pakistan.
There is arid to a semi-arid climate in Indus plain and
mean monthly temperature vary from 14-28 °C and 30-
42 °C during winter and summer seasons, respectively.
The annual average precipitation is 90 mm in the lower
Indus plain (Larkana and Jacobabd), whereas, 510 mm
average precipitation occurs in the upper Indus plain
(Lahore and Multan). The Indus river basin represents
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an extensive groundwater aquifer, moreover, waterlog-
ging and salinity are common in agriculture land of
lower areas. The study was carried out during March
2017, and forty-one representing sites from Kashmore
to Ketibandar along the river Indus and its tributaries
were selected for sampling to investigate the water
quality (Fig. 1). The water samples were taken in white
1.5 litre polyethylene bottles. The bottles were washed
with distilled water and then rinsed twice with water
being sampled before filling. Samples were carefully
collected to avoid any contamination or deteriorate of
sampled water quality. The transfer of samples from
the site to the laboratory was carried out according to
procedure descibed by Mitra and Kebbekus (2018).

Onsite evaluation. All physical parameters including
temperature, pH, TDS, EC, DO, salinity, and turbidity
were analyzed at the sampling site during sample
collection. The instruments �2100P Portable Turbidi-
meter� and �Hach Sension 156 Portable Multiparameter�
were used for an onsite evaluation.

Laboratory evaluation. Chemical analysis were
performed in the laboratory to find out the concentrations
of sodium (Na), potassium (K), sulphate (SO4), nitrate
(NO3), chloride (Cl), total alkalinity (TA), total hardness
(TH), chemical oxygen demand (COD), iron (Fe), zinc
(Zn),  copper (Cu), cadmium (Cd), lead (Pb) and mercury
(Hg). The titrimetric methods were used to analyze

chloride, TA, and TH; flame-photometry for potassium
and sodium; spectrophotometry for COD, zinc, sulfate,
iron, and nitrate; whereas mercury, lead, cadmium and
copper were detected by using atomic absorption spectro-
photometer.

Data recording and statistical analysis. Initial data
were note-down on paper and then immediately data
were transferred to the MS-Excel sheet. Minitab (version
11.12) was used for statistical techniques to achieve
comprehensive results.

Results and Discussion

Descriptive statistics. Table 1 shows the descriptive

statistics overview of water samples in the study area.

Conductivity, turbidity and temperature vary from 264

to 857 ms/cm, 0.41 to 219 NTU and 19.6 to 29.5 C°,

respectively, whereas pH is mildly alkaline. The average

mean mg/L values of COD, salinity, DO, TDS, TA and

TH are 103, 0.131, 5.25, 211.2, 920 and 262, respectively.

Mean cations and anion concentrations occur in the

order Na > K and CL > SO4 > NO3 respectively, and

order of mean values of heavy metals is zinc > iron >

copper > lead > mercury > cadmium.

Pearson correlation matrix. The Pearson Correlation

Matrix is a useful statistical technique to point out

associations between parameters that show the overall

rationality of the data set. Pearson Correlation Matrix

also indicates the participation of the individual

parameters in many persuade factors, a reality that

normally occurs in water chemistry (Helena et al.,

2000). The significance level for degrees of freedom

was checked by using r table in sequence order.

values greater than 0.349 and less than 0.449 (P<0.05);
values greater than 0.449 and less than 0.554 (P<0.01);
values greater than 0.554 (P<0.001)

The Pearson Correlation Matrix for different parameters
of Indus river water and its tributaries are shown in
Table 2. The temperature was negatively correlated
with conductivity, TDS, salinity and sodium. The pH
of water samples showed positive significant correlation
with dissolved oxygen and negatively correlated with
copper. Turbidity was negatively correlated with con-
ductivity, TDS and salinity. Conductivity showed positive
significant correlation with TDS (P<0.001), salinity
(P<0.001), chloride (P<0.001), sodium (P<0.01), sulfate
(P<0.01), potassium (P<0.01) and COD (P<0.05). TDS
showed a highly significant positive correlation with
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2012). Heavy metals such as cadmium, lead, copper

and mercury directly enter to river environment by

anthropogenic activities such as through urban discharge

and metal processing industries effluents (Paul, 2017).

Iron has no correlation with any parameter except

cadmium that signifies dissimilar sediment properties

(He et al., 2009). From the outcome, a strong confir-

mation of the common dependence of these heavy

metals in the sediment coordination is predictable. The

strong correlation among these variables may be due

to weathering, improper sewage discharge and

agriculture activities in the sampling area. In the

present study a positive correlation among pH and

DO (P<0.05) indicates an increase in pH can limit the

bacterial development that maintains DO level (Lara

et al., 2017).

Cluster analysis. The levels of relationship at which

interpretation are combined are used to build a

dendrogram (Chen et al., 2007). The vertical axis in

the dendrogram represents Euclidean distance and this

is gives similarity among the clusters. The method

(weighted pair group) is used and the Euclidean distance
was chosen in the dendrogram as the measure of

Table 1. Summary of the descriptive statistics of measured parameters in the study area

Parameters Units Minimum Maximum mean ± Sd WHO (2008) limits

pH 5.7 8.5 7.6 ± 0.6064    6.5 - 8.5

Temp. °C 19.6 29.5 26.22 ± 0.66 -

Turbidity NTU 0.41 219 186.2 ± 36.38      5

EC µs/cm 264 857 733 ± 241.5     1400

Salinity '' 0.00 0.30 0.131 ± 0.140 -

DO '' 2.01 6.40 5.25 ± 0.916 -

TDS '' 100.2 378 211.2 ± 105.1     1000

TA '' 480 1400 920 ± 206     500

TH '' 112 584 262 ± 81.8     100

COD '' 1 220 103 ± 56.56      10

Potassium mg/L 4.15 14 8.9 ± 2.665     15

Sodium '' 26.03 200.4 107.4 ± 50.51     200

Nitrate '' 2.2 16.1 8.01 ± 3.191     50

Sulfate '' 4.2 115 102 ± 37.79      500

Chloride '' 14 250 140 ± 66.5      250

Iron '' 0 0.93 0.134 ± 0.236 0.3

Copper '' 0.0125 0.1805 0.042 ± 0.034   2

Zinc '' 0.11 0.28 0.160 ± 0.035   3

Cadmium '' 0 0.062 0.004 ± 0.012   0.003

Mercury '' 0 0.219 0.007 ± 0.0346   0.006

Lead '' 0 0.082 0.02 ± 0.002 0.01

Here, Temp. = Temperature; EC = Electrical conductivity; DO = Dissolve oxygen; TDS = Total dissolve solids; TA = Total

alkalinity; TH = Total hardness; COD = Chemical oxygen demand.

salinity (P<0.001), chloride (P<0.001), sodium (P<0.001)
and sulfate (P<0.01), COD (P<0.05). It is apparent from
the table that salinity has a strong positive correlation
with sodium (P<0.001), chloride (P<0.001), potassium
(P<0.01), sulfate (P<0.01), and COD (P<0.01). Sodium
showed a strong correlation with potassium (P<0.001),
chloride (P<0.001), sulfate (P<0.01) and COD (P<0.05).
Potassium was correlated with chloride (P<0.001) and
sulfate (P<0.01). Chloride showed a positive relation
with sulfate (P<0. 01) and COD (P<0.05). Iron showed
a positive correlation   with cadmium (P< 0.05). Copper
showed a positive correlation with mercury (P<0.001)
and cadmium (P<0.001). Mercury showed a strong
positive correlation with cadmium (P<0.001). The lead
was also positively correlated with cadmium (P<0.01).
In the current study, the person correlation analysis
revealed similarities and differences of variables
(Akoteyon and Soladoye, 2011). The variation in the
correlation of different parameters shows the complexity
of the water quality and also the effect of rock and water
interaction (Giridharan et al., 2008). A strong positive
significant correlation is a sign of a similar source while
negative correlation is a sign of dissimilar source of

origin for the parameters (Chabukdhara and Nema,
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similarity. Kumar and Riyazuddin  (2008) carried out
Cluster Analysis (CA) of different variables in water
samples. Hierarchical cluster analysis is a powerful tool
to analyze hydrochemistry data (Yidana et al., 2008)
and is an exploratory data examination tool used to find
out different objects into groups. Similar objects are
grouped in the same class in clustering analysis
(Danielsson et al., 1999). The outcome of the cluster
analysis is apparent in Fig. 2a. The figure demonstrates
the dendrogram using agglomerative cluster analysis
among seven parameters. The dendrogram revealed the
formation of two major clusters. The first cluster consists
of temperature, pH, turbidity and DO while, the second
cluster comprises salinity, TDS and conductivity. The

dendrogram, which was derived from cluster analysis
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Fig. 2a. Dendrogram showing cluster analysis of
physical parameters in the study area.
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is performed for eight chemical parameters for samples

is presented in Fig. 3a. The dendrogram exhibited two

major clusters. The first cluster comprises of five

parameters, namely, sodium, potassium, sulfate, chloride,

and COD. The second cluster consists of only three

parameters total hardness, total alkalinity and nitrate.

The dendrogram, which was derived from cluster

analysis, is performed for six heavy metals in the water

samples is presented in Fig. 4a. The dendrogram

exhibited two major clusters. The first cluster comprises

of iron and lead while the second cluster consists of

four parameters viz. copper, mercury, cadmium and

zinc. The river Indus water passes through rocks
comprising of bicarbonates, carbonates, calcium and
magnesium ions causing hardness and alkalinity (Jain

et al., 2010). In the current study, the cluster analysis
derived in the dendrogram for heavy metals recognized
two main clusters that were analyzed as natural mineral
components in the water samples and human-made
based contamination (Xu et al., 2015).

Factor analysis using varimax rotation was performed
to verify the results of cluster analysis of physical
parameters (Fig. 2b). It is obvious from the figure that
on the left side, a cluster of associated variables namely
pH, DO, temperature and turbidity were formed. The
second cluster was formed between three variables
namely TDS, salinity and conductivity. Factor analysis
of chemical parameters by using varimax rotation was
performed to verify the results of cluster analysis of
chemical parameters (Fig. 3b).
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It is obvious from the figure that on the right side, a
cluster of associated variables such as sodium, potassium,
sulfate, COD and chloride was formed as observed in
Cluster Analysis. The second cluster comprised of
nitrate, total alkalinity, and total hardness. Figure 4b
showing the varimax rotation of heavy metals in the
study area. It is obvious from the figure that on the right
side, a cluster of associated variables namely mercury,
copper, cadmium and zinc was formed as observed in
cluster analysis. The second cluster was produced
between iron and lead.

Conclusion

The current study revealed that the water of the sampling

area has been polluted by several natural and anthro-

pogenic activities. Findings from the statistical analysis

such as Pearson correlation matrix and cluster analysis

provided an approach to understand the controlling

hydro chemical processes in river Indus and its

tributaries. Tested parameters formed different  clusters

which showed the sign of weathering of rocks, agri-

cultural runoff, municipal and industrial discharge that

contaminate the river Indus. The concentration of several

parameters such as heavy metals (lead, mercury,

cadmium) and physico-chemical parameters (COD,

total alkalinity, total hardness, turbidity) exceeded the

permissible limits set by WHO (2008) guidelines for

drinking water. The present investigation concluded

that Indus river water in the sampling area has health-

related risks. Appropriate laws should be implemented

by environmental protection agency for the protection

of water sources.
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