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Abstract
The present study was carried out for quantitative assessment of the drinking water quality
consumed by people of area under study. Physico-chemical parameters like pH, TH, EC, TDS, Cl-,

SO4
2- HCO3

-
, NO3

—N, o-PO4
3-

-P, F
-
, and Turbidity were determined. Titration and spectroscopic

methods were used to analyze SO4
2-, NO3

-—N, o-PO4
3---P, F-, and Turbidity. The Ca2+ and Mg2+

were measured with complexometric titration procedure, while Na+ and K+ were determined by
FAAS. The study showed that pH, nitrate-nitrogen and fluoride were found within the safe limit of
the WHO. The TDS (1000 mg/L) and EC (1500 mg/L) of twelve villages were found above
permissible limit. Samples of two villages Ali Hassan Mirgh Baloch and Pir Usman Shah Jhaloo
showed high TH content. The chloride content was found within the safe limit only in three
villages M. Essa Khaskheli, Abdullah Mallah and Haji Gul Muhammad Jat, whereas higher
chloride content was found in the remaining villages. Higher sulfate content of 292 mg/L was
observed in drinking water of Village Ali Ahmed Mirgh Baloch, while drinking water samples of
all other villages under study were found safe for sulphate content. In the water of eight villages
turbidity was found higher than allowable limit of 5 (NTU). Concentration of macro elements such
as, Ca2+ (191 – 33 mg/L), Mg+2 (22 – 92 mg/L), Na+ (56 – 345 mg/L) and K+ (1 – 11 mg/L) were
measured in the groundwater samples. Analytical data revealed that there are different parameters
which may cause aesthetic and health hazards in the studied area.
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Introduction

The water without harmful effects that can be used
for drinking as well as cooking is said to be safe
drinking water. Water is an essential commodity
for survival of life. The consumption of water
quantity varies with physical activity, age, health
and atmospheric conditions [1]. Water available in
the fractures of rock development and beneath the

surface of earth in pore spaces of soil is known as
groundwater. The aquifer is a utilizable quantity of
water given by an unconsolidated deposit or rock
unit and the water table is the depth in which
spaces in the soils and rocks are totally saturated
with water. Near to the coastline of the sea,
recharge aquifer area is likely to be inland, even at
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considerable space. Seawater may be induced to
back water flow in a lowered water table towards
the land–living. Seawater intrusion is a movement
of seawater towards inland or discharge of salt
beds into groundwater on its own concurrence [2].

The contamination of groundwater is
different at different locations as well as depth of
the bore of hand pump. Because of the
unavailability of treatment of hygienic water and
water supply, most of rural populations rely on the
groundwater resources. Reports reveal that 40%
of fatalities are caused due to consumption of
contaminated water directly or indirectly all over
the world [3]. Considerable work has been done
on groundwater as well as on its quality in various
areas of Pakistan, i.e., Taluka Nawabshah, Hazara
Strip, Nawabshah city, lower Indus Basin,
Pakistan, Taluka Daur, Rawal Dam Islamabad,
Goth Ibrahim Hyderi, Karachi, Sindh Industrial
Trading Estate Karachi and Ground water quality
of selected areas of Punjab and Sind Provinces
[4–11]. Human health may directly or indirectly
be linked to greater or lower level of physical and
chemical parameters in potable water [12]. The
direct association between pH of water and public
health is not observed, whereas it may indirectly
affect some of the qualities of water, for instance,
pathogen survival, solubility of ions and other
pollutants. Bitter taste of water may be observed
due to alkaline nature, while corrosive taste is
related to its acidic nature [13, 14]. Moreover,
potassium in the human body is believed as one of
the trace metals, since its insufficiency may cause
kidney problem, bladder swelling, high blood
pressure and cardiovascular disease. High
concentration of potassium may lead reduced renal
function, high heart beating, ovarian cyst and
irregular metabolism of protein [15-17]. Mineral
water is the major resource of Na for human body
requirement. Since the sodium deficiency in the
body may cause dehydration, mental indifference,
fatigue, depression and low blood pressure. Intake
of high sodium content may lead nausea,
headache, stomach-ache, kidney failure, edema,
stroke and high blood pressure [18].
Cardiovascular diseases are related due to
deficiency of some cations in the drinking water
like Ca2+ and Mg2+. Major pollutants in the
groundwater resources include nitrates and nitrites,
which may increase due to overexploitation of

resources of aquifers and groundwater, agricultural
and industrial sewage and development of
urbanization. The Methemoglobinomia in children
may be caused by nitrite and nitrate content [19].
The excess level of nitrate is very toxic to infants
because the bacteria in the infant’s digestive
system can change the nitrate into nitrite. Nitrite
can lead to most significant disease 
methemoglobin and may cause brain damage or
even death [20].

Low level of fluoride is beneficial for 
humans as it protects tooth enamel against the
acids that cause tooth decay. [21, 22]. High
fluoride content exposure in long term may cause
Alzheimer and neurological troubles, skeletal and
dental fluorosis. Digestive disorders and violent 
diarrhoea could be caused due to high sulphate
content in drinking water [23]. Direct association
of water quality with human health is reported
[24]. It is therefore important to monitor water
quality to prevent any health hazards and protect
water resources. A large area of world is utilized
for cultivation depending upon the groundwater as
well as fresh water. Water resources in the coastal
area are severely influenced due to seawater
intrusion. In Pakistan, population is increasing at
alarming rates, depleting freshwater resources and
the significance of groundwater monitoring is
enhanced. Pakistan is land region, vulnerable
against environmental variation and is usually has
semi-dry and bone–dry areas [25]. Taluka Keti
Bandar belongs to district Thatta that is coastal
area of Sindh Pakistan, where freshwater
accessibility is a critical issue for the livelihood
and survival of people of the area. Since drinking
water source for them is only River Indus as well
as its canal system. Drinking water resources may
be contaminated due to metals, sewage leaks and
agricultural run-off. Although, consumers of
drinking water are unable to assess the safe water
apart from its taste. Therefore, innocent people are
consuming contaminated water, and are unable to
raise queries regarding its quality. The problem is
further aggravated due to decreased flow in the
River Indus at downstream as well as growing
changeability in rainfall pattern, which further
decreases the water supply available for human
utilization [26, 27].



Pak. J. Anal. Environ. Chem. Vol. 21, No. 1 (2020)142

Aims of the study

The coastal belt experiences hydrological
changes due to human activities, sea intrusion,
floods and other natural disasters rendering ground
water unsafe for drinking purpose. Therefore, its
quality assessment was carried out to determine
the physical and chemical status of drinking water
of the study area.

Materials and Methods
Study area

Keti Bandar is located in Thatta district,
Sindh, Pakistan. It is a port on the Arabian Sea.
Keti Bandar port was made on the vestiges of the
older Debal harbour which was arrival point of
Muhammad Bin Qasim along with his army. The
driving time of about 3.5–4 h from Keti Bandar to
Karachi was observed with a distance of about 150
km. Mirpur Sakro and Gharo are the two major
towns on the route from Keti Bandar to Karachi.
The economy of Keti Bandar totally depends upon
fishing and about all people of the area are
fishermen. The fish caught by fishermen form
Arabian Sea, transport their product to Karachi
[28]. According to the census of 2019, the
population of the study area is 58,832. The study
area has hot desert climate. The regular annual
rain fall in study area is 210 mm, while average
annual temperature is about 26.8 ºC [29].

Figure 1. Map of sampling of drinking water area under study

Samples collection

Sampling bottles were washed thoroughly
with detergent and then with distilled water. At the
time of sampling bottles were rinsed with same
sample thrice. Triplicate samples from each
sampling point were collected and covered tightly.
Usually hand pumps were fitted by villagers to get
groundwater for drinking, cooking and washing
purposes. Ground water source was run for 2–5
min. till fresh water comes out [30]. The depths of
water sources were found 15 – 25 feet in different
villages of study area. Sampling locations include
Baghan Town, Pir Usman Shah Jhaloo, Ali Hassan
Mirgh Baloch, Manjhi Khan Baloch, Manjhi Khan
Baloch, Nathoo Khan, Haji Qadir Bux Baloch,
Sajjan Wari, M. Hassan Perozani Baloch, Haji
Yaqoob Memon, Hajii Gul Muhammad Jat,
Abdullah Khatri, Abdullah Mallah, M. Essa
Khaskheli, Esso Baloch, Ali Muhammad Utradi
and Rana Mori. GPS was used to record the DMS
coordinates of sampling points for authenticity of
results (Table 1). The standard methods were
followed during all analyses [31].

Table 1. Names and abbreviations of villages from Taluka Keti
Bander along with DMS Coordinates taken with GPS device.

Villages Abbreviation Depth
(Feet)

Water
source

DMS
Coordinates

Rana Mori R.M ------ Surface
water

24° 08' 39" N
67° 27' 02"E

Ali Muhammad
Utradi

A.M.U 18 Hand
Pump

24° 03' 18" N
67° 35' 55"E

Esso Baloch E.B 18 Hand
Pump

24° 04' 33" N
67° 33' 48"E

M. Essa
Khaskheli

M.E.K 15 Hand
Pump

24° 04' 44" N
67° 32'55"E

Abdullah Mallah A.M 15 Hand
Pump

24° 05' 52" N
67° 35' 56"E

Abdullah Khatri A.K 18 Hand
Pump

24° 08' 39" N
67° 22' 56"E

Hajii Gul
Muhammad Jat

H.G.M.J 20 Hand
Pump

24° 09' 43" N
67° 34' 16"E

Haji Yaqoob
Memon

H.Y.M 25 Hand
Pump

24° 06' 01" N
67° 35' 54"E

M. Hassan
Perozani Baloch

M.H.P.B 20 Hand
Pump

24° 06' 03" N
67° 35' 08"E

Sajjan Wari S.W 18 Hand
Pump

24° 04' 55" N
67° 34' 43"E

Haji Qadir Bux
Baloch

H.Q.B.B 18 Hand
Pump

24° 04' 40" N
67° 35' 43"E

Nathoo Khan N.K 20 Hand
Pump

24° 06' 51" N
68° 17' 41"E

Manjhi Khan
Baloch

M.K.B 18 Hand
Pump

24° 08' 34" N
67° 35' 23"E

Ali Hassan
Mirgh Baloch

A.H.M.B 18 Hand
Pump

24° 08' 58" N
67° 34' 49"E

Pir Usman Shah
Jhaloo

P.U.S.J 15 Hand
Pump

24° 10' 43" N
67° 34' 49"E

Baghan Town B.T 15 Hand
Pump

24° 13' 49" N
67° 36' 36"E
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Sample analysis

Standard procedures were followed for
analyses of all samples [32]. Calibrated pH meter
and EC meter were used to measure pH and
conductivity of water at the sampling station.
Electrical conductivity values were used to
determine TDS in mg/L using equation: TDS =
0.67EC1000. Double beam spectrophotometer
(CECIL CE 9500) was used to analyze SO4

2-,
NO3

—N, o-PO4
3--P, F-, and Turbidity. Standard

titration procedure was followed to determine the
chloride content with AgNO3 standard solution.
Standard HCl was used to measure concentration
of HCO3

-. Standard solution of EDTA was used to
measure the TH concentration, Ca, and Mg
content from water samples. Nephlometric
turbidity meter was used to determine turbidity of
the water. A flame photometer was used to
measure sodium and potassium concentrations.
Experimental work was carried out at the
laboratory temperature of 25 ºC. For practical
work, distilled water and A.R grade reagents were
used. Concentrations of SO4

2-, NO3
—N, o-PO4

3—P
and F- were measured from their calibration
graphs.

Results and Discussion

Physical and chemical parameters
included; pH, TH, EC, TDS, Cl-, alkalinity, SO2-

4,
HCO3

-, NO3
—N, o-PO3-

4-P, F-, and turbidity are
summarized in Table: 2. Maximum pH of 7.9 was
measured from the groundwater of village Haji
Gul Muhammad Jat which may be attributed to
underground sulphide mineralization. Minimum
pH of 7.1 was observed from village M. Hassan
Perozani Baloch. Since the pH of groundwater of
all villages was found within permissible limit of
Pakistan and WHO guideline [33] (Table 2, 3 and
Fig. 2).

Calcium (Ca), magnesium (Mg) and other
metals existing in water are responsible for total
hardness [34]. The range of TH was observed
between 66 – 694mg/L. The drinking water of two
villages showed TH level greater than allowable
limit (Table 2, 3 and Fig. 3).

Potential of water to carry electricity is
measured in electrical conductance [35]. Electrical
conductance of villages under study was found
between 913 and 3580 µS/cm. Four villages
showed higher electrical conductivity than the
WHO permissible level while, drinking water of
twelve villages was found within safe limit.
Higher conductance of groundwater may be due to
the soluble species, ionic specie and soluble salts
(Table 2, 3 and Fig. 4).

Dissolved substances such as, cations,
anions, salts, minerals and elements present in
water make total dissolved solids. Diseases may be
caused due to high TDS concentrations in drinking
water for instance heart disease, stomach irritation
and kidney stones [36]. The TDS values ranged
from 612 – 2399 mg/L in the water of coastal area
was measured while average TDS content was
measured as 1273 mg/L. The TDS of twelve
villages were above and only four villages were
within the permissible limits of WHO (2012).
Geological nature of soil in groundwater may be
responsible for higher TDS levels (Table 2, 3 and
Fig. 5).

Chloride content may be found in
groundwater as well as surface water [37]. From
the study area, chloride level was found between
174 and 604 mg/L. Thirteen villages showed
chloride content above the WHO level of 250
mg/L, whereas, only three villages declared
chloride content within permissible limit
(Table 2, 3 and Fig. 6).

Bicarbonate, carbonates and hydroxide in
water are responsible for alkalinity of water. The
major sources of alkalinity of water are weathering
of rocks as well as sediments. Crop production
may be reduced by damaging soil, since its higher
concentration in water may produce bitter taste
[38] (Table 2, 3 and Fig. 7).

The range of alkalinity from groundwater
of Taluka Keti Bandar was analyzed from 330 to
588 mg/L. Alkalinity values of groundwater of all
villages was found above allowable limit of 300
mg/L. Maximum and minimum bicarbonate
content of 120 and 460 mg/L was measured from
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area under study with average concentration of
264 mg/L (Table 2, 3 and Fig. 8).

All natural waters contain sulphate(SO4
2-),

since its high concentration may cause
gastrointestinal pain. The diseases known as
cathartic may be caused by SO4

2- when its
concentration is greater than 600 mg/L [39]. The
SO4

2- content determined from study area was
between 49 and 292 mg/L. only one village
declared SO4

2- content above allowable limit (250
mg/L), although fifteen villages were declared
within allowable limit (Table 2, 3 and Fig. 9).

The foremost groundwater pollutants
include nitrates and nitrites. The origin of the
nitrates may be due to industrial effluents, septic
tanks and fertilizers. The higher nitrate content is
extremely toxic to babies having age less than four
months, since bacteria in the in the digestive
system of children may convert nitrate into nitrite.
High nitrate content may cause brain damage,
methemoglobin, and fatality [40]. The WHO
permissible level of water is 10 mg/L. Nitrate
nitrogen in the entire samples of groundwater of
the area under study was found within safe level,
though nitrate nitrogen was determined between
1.0 and 9.0 mgL-1. The Mean value of 4.38 mg/L
of nitrate nitrogen was calculated from the water
of area under study (Table 2, 3 and Fig. 10).

Groundwater may get phosphorus from
organic matter, industrial wastages, detergents,
agricultural fertilizers and manure. For human
body phosphorus is the most significant element,
since its higher content may cause kidney damage,
osteoporosis and other health hazards [41]. The
WHO limit of phosphate phosphorus for drinking
water is recommended as 1.0 mg/L, as no limit is
determined for orthophosphate phosphorus. The
concentration of orthophosphate phosphorus was
ranged between 0.01 and 0.03 mg/L (Table 2, 3
and Fig. 11).

Groundwater and soil contain fluoride
naturally, since the major sources of fluorides in
groundwater include; fluorapatite, fluorite, 
hydroxyapatite, fluorspar, cryolite [42]. Tooth 
enamel is protected by low fluoride content and is

therefore advantageous for humans against acids
which may cause tooth decay. The nervous and
muscles problems and weak bones may result due
to the high fluoride concentration present in water.
The fluoride content ranged from 0.17 to 0.36
mg/L in potable water of area under study, since
fluoride level of all villages under study was found
within permissible limit (1.5 mg/L) (Table 2, 3 &
Fig. 12). A similar study reported higher values of
water quality parameters of drinking water of
Qamber-Shahdad District [43].

Turbidity of drinking water is allowed as 5
NTU, therefore turbidity lower than this level is
ideal for drinking water [44]. No health based
parameter is found; nonetheless microorganisms
may adhere to the particulates present in water. As
a result, health issue may be constituted indirectly
due to turbid water having microorganisms.
Therefore, microbiological quality as well as
disinfection of water may be represented by
turbidity. The turbidity of seven villages was
found above the allowable limit whereas seven
villages showed turbidity within permissible limit
of the WHO (5 NTU). The range of turbidity was
measured between 0.25 and 2.3 NTU (Table 2, 3
and Fig. 13).

Figure 2. pH

Figure 3. TH
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Figure 4. EC

Figure 5. TDS

Figure 6. Cl-

Figure 7. Alk

Figure 8. Sulfate

Figure 9. Bicarbonate

Figure 10. Nitrate-N

Figure 11. o-PP
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Figure 12. F- Figure 13. Turbidity

Figures 2–13. Shows scatter plots of physicochemical parameters of area under study

Table 2. Mean Concentration of physical and chemical parameters in drinking water of area under study.

Villages pH ± SD TH (mg/L)±SD EC (µS/cm)±SD TDS (mg/L)±SD Cl- (mg/L)±SD Alk (mg/L)±SD

R.M 7.5± 0.13 150±0.75 913±1.628 612±1.71 382±1.06 388±1.84

A.M.U 7.5±0.12 101±0.68 1806±1.702 1210±1.58 390±1.11 588±1.83

E.B 7.7±0.12 66±0.72 1607±1.086 1077±1.74 390±1.17 338±1.83

M.E.K 7.4±0.15 171±0.66 1332±1.70 893±1.69 240±1.18 363±1.86

A.M 7.6±0.17 144±1.34 1525±1.39 1022±1.64 208±1.13 372±1.88

A.K 7.7±0.11 190±0.66 1476±1.298 989±2.03 346±1.17 330±1.98

H.G.M.J 7.8±0.02 171±0.70 931±1.661 624±1.71 174±1.21 455±2.01

H.Y.M 7.4±0.18 265±0.70 1632±1.021 1093±2.09 315±1.19 427±1.71

M.H.P.B 7.1±0.23 266±2.25 2452±1.41 1643±1.71 604±1.18 509±1.76

S.W 7.3±0.64 480±7.22 2106±1.62 1411±2.02 487±1.18 376±1.82

H.Q.B.B 7.6±0.13 387±1.47 1958±1.592 1312±1.99 504±1.21 359±1.83

N.K 7.5±0.12 333±0.68 2260±1.534 1514±2.05 583±1.23 426±1.78

M.K.B 7.4±0.15 230±0.66 1955±1.345 1310±1.95 541±1.33 459±1.82

A.H.M.B 7.3±0.16 694±0.69 3580±1.565 2399±1.77 394±1.36 522±1.86

P.U.S.J 7.3±0.12 567±0.63 3142±1.473 2105±1.67 408±1.37 570±1.73

B.T 7.3±0.12 273±0.66 1720±1.311 1153±1.72 366±1.32 483±1.75

Table 3. Concentration of physical and chemical parameters in drinking water of area under study .

Villages
SO42-

(mg/L)±SD
HCO3

-

(mg/L)±SD
N-N

(mg/L)±SD
o-PP

(mg/L)±SD
F-

(mg/L)±SD
Turb

(NTU)±SD

R.M 49±0.82 120±0.25 2.1±0.16 0.015±0.0003 0.24±0.02 1.2±0.09

A.M.U 119±0.67 255±0.10 6.7±0.21 0.009±0.0004 0.22±0.01 1.5±0.12

E.B 104±0.93 188±0.24 3.8±0.15 0.025±0.0003 0.27±0.00 1.6±0.12

M.E.K 67±0.87 247±0.19 3.7±0.12 0.007±0.0002 0.17±0.02 2.20±0.10

A.M 99±0.89 354±0.58 7.7±0.50 0.008±0.0004 0.32±0.02 1.40±0.09

A.K 73±1.17 185±0.73 4±0.64 0.013±0.0007 0.25±0.01 1.45±0.11

H.G.M.J 49±0.71 133±0.62 1±0.53 0.005±0.0009 0.36±0.02 0.25±0.09

H.Y.M 104±0.68 216±0.50 4±0.41 0.0100±0.001 0.21±0.00 1.08±0.08

M.H.P.B 99±0.74 361±0.57 6.7±0.48 0.006±0.0004 0.32±0.01 1.8±0.10

S.W 88±0.83 344±0.75 7.2±0.66 0.018±0.0001 0.24±0.01 1.4±0.11

H.Q.B.B 110±0.94 233±0.87 3.8±0.78 0.013±0.0002 0.23±0.03 2.3±0.12

N.K 100±0.87 238±0.70 5.2±0.61 0.019±0.0011 0.19±0.02 1.1±0.11

M.K.B 84±0.77 200±0.24 1.2±0.15 0.019±0.0002 0.29±0.02 0.9±0.100

A.H.M.B 292±10 460±0.14 9±0.18 0.012±0.0000 0.31±0.03 1.62±0.12

P.U.S.J 212±0.63 431±0.31 2±0.22 0.027±0.0004 0.26±0.01 1.58±0.11

B.T 102±0.95 256±0.78 2±0.69 0.017±0.0002 0.218±0.01 2.18±0.01
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Cations

Very low or very high concentrations of
Ca and Mg or total hardness in drinking water
have been empirically recognized as the cause of
the problems with corrosion, scaling, or taste of
water. A large body of scientific evidence over the
last 60 years has also attributed health problems to
both extremes of these minerals in water. For
example, drinking water low in Mg significantly
increases the likelihood of cardiovascular
mortality. This knowledge is not properly
considered in the drinking water quality
regulations, especially as more and more water is
now produced by desalination disturbing its
natural mineral composition [45]. Maximum and
minimum Ca2+ level of observed between 33 and
191 mg/L and the mean concentration of 104
mg/L. the WHO level of Ca2+for drinking water is
suggested as 200 mg/L, since all villages under
study showed safe Ca2+level (Table 4 and Fig. 14).
Upper most and lower most Mg level of 22 and 92
mg/L was measured from water of the different
villages of studied area, since the average Mg
concentration of 49 mg/L was determined from
coastal area under study (Table 4 and Fig. 15).

Salts of sodium are not extremely toxic
due to the effectiveness of expelling the sodium by
mature kidneys. Although, death and severe
effects for instance, pulmonary, and cerebral
oedema, rigidity and muscular twitching,
convulsions, vomiting and nausea have been
published pursuing the unplanned overdoses of
NaCl salt. Literature shows that due to ingestion of
too much salt affects badly constant congestive
heart failure as well as ill effects by presence of
salt in drinking water. Permanent neurological
disorder is found usual in conditions of severe
gastrointestinal infections in children [46]. The
concentration of Na+ determined from
groundwater of Taluka Keti Bandar was found
higher than 200 mg/L in villages, Ali Muhammad
Utradi, Esso Baloch, Muhammad Hassan Perozani
Baloch, Sajan Wari, Haji Qadie Bux Baloch,
Nathoo Khan, Manjhi Khan Baloch, Ali Hassan
Mirgh Baloch, Pir Usman Shah Jhaloo and Baghan
Town. Minimum and maximum Na+ concentration

was ranged from 56 and 345 mg/L with mean
concentration of 210 mg/L (Table 3 and Fig. 16).

High level of potassium consumption
through drinking water is not reported to cause
adverse health effects in healthy persons. Rare
intoxication of potassium is reported, due to the
release of potassium very rapidly through healthy
kidneys and vomiting occurs by ingestion of large
level of potassium. High doses of salt substitutes
have been described potassium toxicity for
instance, heart failure, shortness of breath,
hyperkalaemia, diarrhoea, vomiting, and nausea as
well as chest tightness [47]. Potassium content of
11 mg/L was observed the maximum concentr-
ation in the water of the studied area; however, the
lowest K content of 1.0 mg/L was measured from
village Haji Gul Muhammad Jat. The average K+

level of 4.5 mg/L was determined from
groundwater samples of 16 villages under study
(Table 4 and Fig. 17).

Figure 14. Ca2+

Figure 15. Mg2+
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Figure 16. Na+
Figure 17. K+

Figures 14-17. Shows scatter plots of macro elements (metals) of area under study

Table 4. Cations content present in drinking water of area under study.

Villages Ca2+ (mg/L) ±SD Mg2+ (mg/L) ±SD Na+ (mg/L) ±SD K+ (mg/L) ±SD
R.M 33±1.13 24±1.80 56±1.79 2±0.07

A.M.U 101±1.69 44±2.05 218±2.44 2±0.08

E.B 66±1.13 45±1.81 223±1.85 5±0.09

M.E.K 76±1.14 47±1.70 137±1.84 3±0.10

A.M 98±1.13 51±1.69 119±1.69 3±0.13

A.K 68±1.17 44±1.84 198±2.24 3±0.07

H.G.M.J 50±1.19 22±1.69 105±1.68 1±0.12

H.Y.M 88±1.36 41±2.24 184±1.69 5±0.20

M.H.P.B 108±1.26 63±1.75 345±1.68 7±0.05

S.W 159±1.30 54±1.87 234±1.72 7±0.08

H.Q.B.B 101±1.44 37±1.81 288±1.73 5±0.11

N.K 133±1.60 44±1.76 313±1.73 4±0.18

M.K.B 144±1.17 45±1.86 266±2.15 2±0.40

A.H.M.B 191±1.29 92±1.75 228±1.99 11±0.20

P.U.S.J 144±1.18 84±1.83 235±1.75 7±0.27

B.T 104±1.28 47±1.70 206±1.86 5±0.10

Statistical analyses

The correlation coefficient among
average physiochemical parameters of
groundwater are given in Table 6 and 7.
Correlation coefficients showed that various
physiochemical parameter pairs have
significant positive correlation such as EC–
TH (r=0.847**), TDS–TH (r=0.847**), Sulf–
TH (r=0.783**), Bicarb. –TH (r=0.732**),
TDS–EC (r=1.000**), Alk–EC (r=0.553),
Alk–TDS (r=0.553*), Sulf –EC (r=0.896**),

Sulf –TDS(r=0.896**), Sulf –Alk (r=0.544*),
Bicarb –EC (r=0.854**), Bicarb –TDS
(r=0.854**), Bicarb–Sulf (r=0.790**), N-N–
Bacarb (r=0.633**), Mg–Ca (r=0.781**), Na–
Ca (r=0.597*), K–Ca (r=0.707**) and K–Mg
(r=0.838**). Similarly, some pairs also
showed a significant negative correlation
such as EC–pH (r=-0.567*) and TDS–pH (r=-
0.567*). Descriptive statistics of various
physicoch-emical parameters summarized in
the Table 5 were also calculated.
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Table 5. Descriptive Statistics of physical and chemical parameters in potable water of area under study.

Minimum Maximum Mean Std. Deviation

Ph 7.1 7.9 7.46 0.20

TH 66 694 281 174.37

EC 913 3580 1900 711.95

TDS 612 2399 1273 476.96

Cl- 174 604 396 126.11

Alk 330 588 435 81.30

Sulf 49 292 109 61.05

Bicarb 120 460 264 99.53

NN 1.0 9.0 4.38 2.47

OPP 0.01 0.03 0.01 0.01

F- 0.17 0.36 0.26 0.05

Turb 0.25 2.3 1.47 0.52

Ca 33 191 104 41.10

Mg 22 92 49 18.21

Na 56 345 210 77.03

K 1.0 11 4.5 2.58

Table 6. Correlation coefficient among various physicochemical parameters of area under study.

pH TH EC TDS Cl- Alk Sulf Bicarb NN -OPP F- TURB

pH 1

TH -0.48 1

EC -.567* .847** 1

TDS -.567* .847** 1.000** 1

Cl- -0.473 0.33 0.494 0.494 1

Alk -0.469 0.353 .553* .553* 0.185 1

Sulf -0.37 .783** .896** .896** 0.144 .544* 1

Bicarb -.616* .732** .854** .854** 0.196 0.47 .790** 1

NN -0.281 0.303 0.458 0.458 0.151 0.088 0.435 .633** 1

OPP -0.064 0.282 0.334 0.334 0.393 0.001 0.261 0.1 -0.285 1

F- 0.197 0.057 0.117 0.117 -0.147 0.182 0.16 0.188 0.088 -0.212 1

Turb -0.436 0.176 0.26 0.26 0.188 -0.072 0.235 0.359 0.233 0.072 -0.449 1

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

Table 7. Correlation coefficient among macro elements (metals) in
water of area under study.

Ca Mg Na K

Ca 1

Mg 0.781** 1

Na 0.597* 0.419 1

K 0.707** 0.838** 0.473 1

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

Conclusion

From the present study it can be
concluded that drinking water of villages, Rana
Mori Stop, M. Essa Khaskheli, Abdullah Khatri,
Haji Gul Muhammad Jat showed the most of the
physical and chemical parameters like, pH, TH,
EC, TDS, Cl-, alkalinity, SO4

2-, HCO3
-, NO3

—N, o-
PO3-

4-P, F-, and Turbidity within permissible
WHO limits. It is therefore suggested that water of
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these villages can be used for drinking purposes.
While the drinking water in the rest of the villages
was contaminated with EC, TDS, Cl-, alkalinity,
turbidity and sodium because these parameters
were found above the permissible level of WHO
guidelines. Higher Na+ content was found in
villages; Sajan Wari, Haji Qadir Bux Baloch,
Nathoo Khan, Manjhi Khan Baloch, Ali Hassan
Mirgh Baloch, Pir Usman Shah Jhaloo and Baghan
Town. While Ca2+, Mg2+ and K+ were found
within allowable limits in water of all of the
villages under study.
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