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Summary: This study is conducted to analyze the quality of potable water resources available to the
inhabitants of Khairpur city. Eight sites of ground water and six sites of surface water are selected
along the study area. The physico-chemical parameters like temperature, pH, EC, TDS, hardness,
alkalinity, chlorides and sulfates, as well as, concentration and distribution of major elements (Na, K,
Ca, Mg) in both water resources are measured. The estimated levels of cations and anions are
compared with the safe limits laid down by WHO and also with the literature.
The r -coefficient of physicochemical parameters show significantly strong positive co-relation
among the ground water parameters whereas surface water samples indicate rather no or poor co-
relation. The stiff diagram shows the higher cations contents than anions and piper diagram reflects
the meteoric water of mixed composition of both the water resources.

Introduction

Interest in water analysis [1] is due to its
enormous importance to all categories of living
things. It is essential for life process and healthy
development of human beings, animals and plants on
this planet [2, 3]. All water resources are not potable
and mostly consumed without further treatment
which causes a number of diseases due to the
presence of biological and chemical pollutants [4-6].
Aquatic organisms are highly sensitive to changes in
physical and chemical properties of water such as pH,
alkalinity, hardness, nutrients, heavy metals and other
limnological characteristics [6].

Khairpur (Mir’s) city is situated about 25
Km in south- west of Sukkur on the left bank of river
Indus. A canal called Mir Wah flows almost through
the center of the town from north to south. The town
is a hub of education in upper Sindh and a good
number of young people reside here. There are two
principle sources of drinking water available to the
inhabitants of Khairpur i.e. underground and surface
water (Mir Wah).

A lot of work on the water quality of

different parts of Pakistan has been reported in
literature [4, 5, 6, 7]. The present work asses the
quality of drinking water resources of Khairpur city.
The results of the analysis would create
environmental awareness to the people of city as well
as to the planners of the water management
authorities and provide the baseline to decision
makers for future possible potable water supply
schemes.

Results and Discussion

The physical and chemical parameters of the
ground water have been placed in Table-1 and for
surface water in Table-2 where as major elements are
compiled in Table-3 and Table-4, respectively.

Temperature

The temperature of both the water sources
ranges between 26-28.3 and 20-23ºC for surface and
ground water, respectively. No health based
guidelines are suggested for temperature by WHO.

Table-1:  Physicochemical parameters in ground water of Khairpur city.
Sample Code Sampling Stations Temp pH EC TH Cl TDS SO4 HCO3

oC µmhos/cm mg/L mg/L mg/L mg/L mg/L
G1 MumtazCollege 21.3 7.9 1980 751 480 1208 340 187
G2 Osta Gahi 23.7 7.4 13860 1572 6200 8416 4090 151
G3 Bara Alam 23.1 8.0 7260 1459 2160 4356 1820 308
G4 Bachal Shah 22.5 8.0 528 249 120 322 100 121
G5 Latif Colony 20 7.8 792 434 120    483 165 145
G6 Civil Hospital 22.7 7.7 2376 632 600 1480 550 215
G7 Saeda Goth 22.7 8.0 1452 197 360 878 360 105
G8  Luqman 23.4 8.9 165 119 40 107 80 122

WHO 6.5-8.5 400 250 250 500 250 250
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Table-2: Physico chemical parameters in surface water of Khairpur city.
Sample Code Sampling Stations Temp pH EC TH Cl TDS SO4 CO3 HCO3

oC µmhos/cm mg/L mg/L mg/L mg/L mg/L mg/L
S1 Gosha-e-Taskeen 28.3 6.9 370 161 87 252 31 0.8 121
S2 Railway Bridge 28 6.8 336 144 44 226 34 0.66 126
S3 Khaki Shah Bridge 26 7.2 310 130 40 212 51 0.4 106
S4 Bhurgri Regulator 26 6.1 416 257 60 304 81 o.6 148
S5 Pre treated water 27.6 7.8 298 232 56 234 32 0.4 130
S6 Post treated water 27.4 8 263 158 86 208 29 0 120

WHO 6.5-8.5 400 250 250 500 250 250

Table-3:  Major elements in ground water of
Khairpur city (mg/L).

Sample code Ca Mg Na K
G1 180 70 210 16
G2 570 600 1550 105
G3 250 305 1300 60
G4 80 70 50 10
G5 60 105 100 18
G6 80 170 220 25
G7 100 120 170 35
G8 30 35 40 4

WHO 100 50 200 12

Table-4:  Major elements in surface water of
Khairpur city (mg/L).
Sample Code Ca Mg Na K

mg/L Mg/L mg/L mg/L
S1 148 28 128 1.71
S2 106 34 142 1.89
S3 94 19 140 1.59
S4 96 22 102 1.10
S5 98 58 122 2.77
S6 87 46 114 2.30

WHO 100 50 200 12

pH

The pH of water is important parameter and
may affect solubility and toxicity of metals of
aqueous system [8]. The samples under study
indicated alkaline nature. pH for ground and surface
water ranges 7.47-8.98 and 6.5-8.0 respectively as
shown in Table-1. Except G8 and S4 all are within
the range of WHO permissible limit of 6.5 -8.5 [9]
and also found else where in the literature [1, 5, 6, 8,
10, 11]. However, pH of ground water is slightly
higher than surface water in the area under study. pH
effects on measured chemical and quality parameters
of water and plays a key role in creating, controlling
and evaluation of corrosion in water [11].

Electrical Conductivity (EC)

EC of water is related to concentration of
ions, their mobility and is an indication of dissolved
ionizable solids [2]. High EC values imply about the
presence of ionic contaminants. The EC of surface
water samples is within the threshold limits of WHO
[9] except sample S4 which is bit higher but matches
well with the data reported else where [5, 6, 12]. The
EC of ground water is in higher ranges than the
recommended guideline values of 400 μS/cm except

sample G8. However coincides well with the reported
data [3, 6, 10]. These variations may be due to
difference of concentrations of free ions like Na, Ca,
K, Cl, SO4, HCO3 and CO3 [1].

Total Hardness (TH)

The carbonates, sulfates and chlorides of the
Ca and Mg in the water body produces temporary or
permanent hardness [13].The hardness of ground
water ranges between 119.6-1572 mg/L. G2 and G3
are considered to be very hard whereas G1 and G6
are moderately hard when compared with maximum
acceptable limits by WHO (250 mg/L) [9], but is in
good agreement with the data found in literature [6,
14]. The surface water ranges 130-232 mg/L which is
within the WHO standard values as well as in
reasonable agreement with cited data [11, 12].
Excessive hardness is associated with heavy stomach
disorders and difficulty in getting the clothes cleaned
[6] whereas the lower degree of hardness might
encourage the dissolution of heavy metals [2].

Total Alkalinity (HCO3)

Higher alkalinity values than permissible
limits leads to corrosion and influence the chemical
and biological reactions [14]. The total alkalinity of
both the water resources lies with in the regulations
set by WHO (250 mg/L) [9] and is in good agreement
with literature [1, 5, 6, 11, 14].

Chloride

Except in G1, G2, G3, G6 & G7, all other
samples of both the water resources have Cl-

concentration with in safe limits 250 mg/L[9].
Chlorides are relatively harmless to organisms except
when converted to Cl2, ClO- and ClO3

- , which are
toxic [2]. High chloride contents may have impacts
on taste and could cause corrosion [15].The sources
of chloride in waters are mostly human wastes [16].

Sulfate

The sulfate level is found between 29-81
mg/L and 80 – 4090 mg/L in surface and ground
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water respectively. All the surface water samples and
G4, G5 and G8 fall with in allowed level of WHO
(250mg/L) [9]. However, high concentration of
sulfate has been reported [21] which may cause
respiratory illness, intestinal disorder (such as
diarrhea, dysentery in infants), dehydration and
weight abatement [2, 11, 14, 16]. Such elevated
concentration may be due to topology of earth or
anthropogenic sources [11,16]. Sulfate contamination
in surface and subsurface waters are mainly attributed
to CaSO4 or Na2SO4 [17] and the soil of most parts of
Khairpur town is saline indicating deposition of
sulfate salts.

Total Dissolved Salts

TDS of surface water ranges between 208-
304 mg/L below the WHO limit (500 mg/L) and
agrees with the reported data [6, 9, 14, 15]. However,
the total dissolved solids in underground water ranges
132-8416 mg/L. G2 and G3 shows very high
concentration and G6 slightly higher while remaining
four are with in threshold limit of WHO. Such high
dissolved solids presented, are comparable with the
data reported else where for ground water [3, 10].

Major Metals

All the cations (Na, K, Ca and Mg) in both
the sources of water have been placed in Table-3 and
4. Sodium salts are highly soluble in water and cause
softness. However, higher in concentration as in the
form of chloride or sulfate make the water salty in
taste and unsafe for human consumption. Sodium
contents found in surface water ranges between 102-
142 mg/L which is with in the safe limit of WHO i.e.
200 mg/L [1, 9]. In ground water samples except G2
andG3 all others are under legal recommendations
and matches reasonably with the literature data [6,
10]. This indicates that ground water could be
associated with soluble natural evaporites, notably
halides and sulfates.

Potassium is an important macronutrient and
plays a vital role in establishing electrolytic balance
of human body [3] 100% samples of surface water
are within the WHO recommended limits (12 mg/L)
and matches well with the literature data [5, 9].
Where as 25% ground water samples are with in the
safe limits of WHO. The high concentration of K
may be due to release from decayed plants and
animals excrements [18]

Magnesium is a beneficial metal but toxic at
high concentration causes hardness and exerts a
cathartic and diuretic action. Together with sulfates
imparts a laxative nature to potable water and make it
unfit for human consumption. 100% samples of Mir
Wah water are within safe limits of WHO i.e. 150
mg/L. Where as in the ground water about 65%
samples are within the permissible limit of WHO.

The presence of calcium in water is with in
recommended limits 250 mg/L useful for our body as
a supplement of diet. 87% ground water samples are
within the safe limits of WHO and in reasonable
agreement with reported data [6]. 88% of surface
water samples following the same pattern as ground
water. The usual regular trend of Indus River [6,
19,20] shows higher concentration of Ca than Mg.

Stiff Diagrams

The stiff diagrams are used as a visual
method to compare directly the relative concentration
of dissolved ions based on sample location [21]. Fig.
1 demonstrate the variations of both the cations and
anions along the sampling sites of ground water,
elevated concentration of Na+K and Ca and Mg at
G2, G3 and minimum at G8 is observed. The diagram
also clearly demonstrate the higher contents of anions
i.e. Cl and SO4 at G2, G3.The carbonate +bicarbonate
are higher at G3, G6 whereas CO3+ HCO3
concentration is relatively less than Cl and SO4 ions
in all the ground water samples. High level of Na+K,
Ca and Mg cations and anions Cl and SO4 at
sampling sites G1, G2, G6 and G7 indicating the poor
quality of water. All the other ground water samples
do not contain ions in very high amount, therefore
these waters can be referred as soft and of mild
composition.

Major ionic composition of the surface
water presented in Stiff diagrams is illustrated in Fig.
2. All of them show imbalance in ionic composition.
Cations are high as compared to anions. It is
interesting to know that only samples S1 and S6 have
bit higher content of Cl ion than others, while rest of
the samples are rich is bicarbonate ion, probably this
situation reflects contamination through
anthropogenic sources. It is true in the case of present
study because Mir Wah Canal contains all sorts of
pollutions i-e enormous and frequent flow of waste
water. Samples S2, S3, S5 and S6 have high Na+K
contents, while samples S1 and S4 contain high Ca.
The minor variation is due to proximity of some Ca
bearing source in the vicinity of canal flow.
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Fig. 1: Stiff Diagram showing the ionic composition of ground water of Khairpur city.

Fig. 2: Stiff Diagram showing the ionic
composition of surface water of Khairpur
city.

Piper Diagram

Most interpretations of water quality are
made to determine if the water is acceptable for
drinking, agriculture and other purposes [22]. Based
on the piper plot of ground water Fig. 3 clearly shows
that G1, G2, G3, G6, G7 are of (Ca+Mg)-Cl-type and
(Na+K)-Cl-type, indicating the mixing effect in water
composition [23]. Where as G4, G5, G8 are of mixed
composition meteoric waters lying in the centre of
the diamond.

All six samples of the Mir Wah Canal show
distribution of mixed-type ions, indicating a zone of
area where all constituents are mixed together. All
the ions are in a natural balance as they are clustered
in the central portion of the anion and cation triangles
with Ca and Cl as dominant ions, depicted in Fig.  4,
describing mixed composition of water. Thus it can
be referred to as the (Ca+Mg)-(HCO3+Cl)-type of
water.
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Fig. 3: Piper Diagram showing the hydrofacies analysis of ground water of Khairpur city.

Fig. 4:  Piper Diagram showing the hydrofacies analysis of surface water of Khairpur city.
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The hydrofacies analysis of the study area
reflects that the chemistry of cations and anions in
both the waters indicating meteoric water. Surface
water contaminated by different elements during its
flow whereas in the ground water concentration of
salts increases due to evaporation or soil-water
reaction.

Correlation Coefficient (r)

Water quality can also be assessed by the
study of correlation coefficient among the physico-
chemical parameters of ground and surface water of
Khairpur city, which determines the effect and
relationship of cations and anions on each other. The
results of ‘r’ coefficient for ground water are
presented in Table-5 in which pH do not show any
correlation with all parameters, i.e. TDS, Cl, SO4,
HCO3, Ca, Mg, Na and K. On the other hand very
strong and significant correlation (r =1) of EC with
Cl and SO4,  SO4 with TDS and Cl was found.
Positive correlation coefficient values were obtained
between all the parameters this fact is also documen-
ted in other studies [14, 24]. Positive values of ‘r’
indicate that the relationship exist among the ions
which varies together and water is of  the same nature
and source, while the different nature, source and
behavior is reflected by the negative values of ‘r’[25]

The significance of the correlation values
obtained for surface water are shown in Table-6. Out
of 55 correlations found between two parameters, 12
were found to have significance (r > 0.53). The
negative (inverse) correlation are found in 28 cases.
The ‘r’ values of pH responded negatively with all
parameters except Cl, Mg, Na and K. Some of the
highly significant correlations are discernible
between pH and K (r = 0.88), TH and HCO3 (r
=0.88), TDS and HCO3 (r =0.85) and between Mg
and K (r =0.94). While SO4 do not show correlation
with any parameter except HCO3 (r =0.54).

Experimental

The models of instruments and methods
used for different parameters are shown in Table-7.
All the chemicals used for preparation of reagents

and calibration standards were analytical grade. Eight
samples of ground water and six surface water were
collected from different localities of Khairpur city.
The samples were collected in pre-cleaned polypro-
pylene bottles. The physicochemical parameters of
intense nature like pH, EC, temperature were
determined on the spot. Then the samples were taken
to laboratory and acidified with HNO3 to a pH < 5 to
minimize precipitation and absorption on walls of
container. APHA standard methods [26] were applied
for the analysis of chloride, hardness, alkalinity,
sulfate and total dissolved solids. Estimation of
individual elements was carried out from digested
salts obtained by evaporating water at 70oC using
Atomic Absorption Spectrophotometer. The concen-
tration of each element was estimated with reference
to standard solution of the element.

The measured parameters were compared
with the guidelines suggested by WHO and the data
presented else where in the literature.

Conclusions

The study of analytical data of physico-
chemical parameters (pH, EC, TDS, HCO3, SO4, Cl,
TH) and major metals reveals that the underground
water samples (G1,G2,G3, G6 and G7) are extremely
contaminated, whereas surface water comes with in
the safe limits. In piper diagram of underground
water G4, G5, G8 lies in the center shows mixed
composition while others as (Ca+Mg)-Cl-type. All
the surface water samples clustered in the center
considered meteoric water indicating (Ca+Mg)-
(Cl+HCO3)-type.  The stiff confirms the differences
of composition in water types .It is deduced that the
contamination has rendered the underground water of
sampling stations G1, G2, G3, G6 and G7 may not be
considered safe to be used for both drinking and other
domestic purposes. However the remaining ground
water stations and surface water can be utilized after
suitable treatment. Further it is recommended that
special measures may be taken in the field of water
management of Khairpur city, for the protection of
increasingly endangered quality of potable water
resources.

Table-5: Correlation  matrix for the ground water quality parameters of Khairpur city.
pH EC TH Cl- TDS SO4 HCO3 Ca Mg Na K

pH 1.00
EC -0.55 1.00
TH -0.57 0.91 1.00
Cl -0.54 1.00 0.84 1.00

TDS -0.55 0.99 0.91 0.99 1.00
SO4 -0.54 1.00 0.87 1.00 1.00 1.00

HCO3 -0.14 0.40 0.71 0.25 0.39 0.32 1.00
Ca -0.57 0.97 0.87 0.98 0.98 0.97 0.29 1.00
Mg -0.61 0.99 0.87 0.98 0.99 0.99 0.32 0.95 1.00
Na -0.46 0.96 0.95 0.91 0.96 0.94 0.58 0.90 0.93 1.00
K -0.59 0.98 0.86 0.96 0.98 0.98 0.33 0.94 0.98 0.94 1.00
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Table-6: Correlation matrix for the surface water quality parameters of Khairpur city.
pH EC TH Cl TDS SO4 HCO3 Ca Mg Na K

pH 1.00
EC -0.95 1.00
TH -0.28 0.46 1.00
Cl 0.25 -0.04 0.06 1.00

TDS -0.79 0.70 0.77 0.09 1.00
SO4 -0.74 0.70 0.53 -0.32 0.75 1.00

HCO3 -0.53 0.63 0.88 0.08 0.85 0.54 1.00
Ca -0.29 0.43 -0.17 0.42 0.22 -0.28 -0.07 1.00
Mg 0.75 -0.62 0.23 0.23 -0.36 -0.63 0.09 -0.22 1.00
Na 0.13 -0.29 -0.78 -0.49 -0.63 -0.48 -0.72 0.24 -0.14 1.00
K 0.88 -0.79 -0.04 0.14 -0.61 -0.78 -0.23 -0.17 0.94 0.13 1.00

Table-7: Analytical methods for quality parameters of water.
Parameters Methods / Instruments
pH

Electrical Conductivity

Total Dissolved Solids

Chlorides

Total Hardness

Alkalinity

Sulfates

Metal elements

Eutech Instruments Bench pH meter Cyber Scan pH 500 Ptc. Ltd Singapore.

Jenway Conductivity Meter Model MC -1- Mark V Kent Industrial Measurments Limited England.

Direct evaporation on hot plate.

Argentometric Method.

Complexometric Tritration method using EDTA.

Aqueous acid-base titrimetric method.

Turbidimetry using UV mini 1240 UV-Vis Spectrophotometer Shimadzu.

Atomic Absorption Spectrophotometer Analyst 100 Perkin Elmer.
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