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and Dharki), Pakistan. The results indicate that pH, color and odor were all within
limits of WHO that is pH ranges 6.5-8.5, colorless and odorless, respectively. The
high values of suspended solids were observed in the Sindh-1 and Dharki
samples. Microbiologically only Sahiwal and Jawar Dharki were found fit for
drinking purpose. Trace metals analysis of Sheikhupura-1 and Sindh-1 showed
that values do not fall within limits of WHO for Iron. The ionic concentration
analysis showed that high bicarbonate (HCO3-), ions are present in the samples of
Sahiwal and Dharki; Sindh-1 and Jawar Dharki samples showed very high
concentration for chloride ions, all samples were satisfactory level for sulphate
(SO4?7), sodium, magnesium and phosphate ions except samples of Sindh-1 and
Jawar Dharki. High concentration of calcium and potassium ions was observed in
samples of Sindh-1, while all other samples were found fit for drinking purposes
in respect of nitrate, nitrite and ammonium ions. The high concentration of
Fluoride was found only in Sheikhupura-2 samples.

© 2019 International Scientific Organization: All rights reserved.

Capsule Summary: Drinking water quality of selected areas of Punjab (Sheikhupura & Sahiwal) and Sindh (Sindh, Jawar
Dharki and Dharki) were analyzed chemically and microbiologically to highlights the health risk.
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Ground water is particularly accounts for the supply of safe
drinking water in rural areas, where population is dispersed
and infrastructure needed for high cost treatment and

INTRODUCTION

The quality of ground water is the resultant of all the
processes and reactions that act on the water from the
surroundings and it varies from place to place and with depth
of the water table (Reid et al., 2003). Ground water has many
unique characteristics which enable it to supply for public
use. It is naturally found in sterile conditions, color and
turbidity that can be consumed easily (Mondal et al., 2008).

transportation of surface water (Langenegger, 1990). The
problem of groundwater pollution in several parts of the
country has become so acute that unless urgent steps are not
taken, extensive groundwater resources may be damaged
(Daud etal., 2017).

There are many reasons and sources of
contamination to the ground water, e.g., land disposal of solid
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wastes, sewage disposal on land, agricultural activities, urban
runoff and polluted surface water (Langenegger, 1990). The
suitability of ground water has been examined with reference
to WHO (2004) and NEQS (2002) standards (Khalafalla et al,,
1993). The quality of groundwater in some parts of the
Pakistan is changing as a result of human activities. Ground
water is less susceptible to bacterial pollution than surface
water because the soil and rocks through which groundwater
flows screen out most of the bacteria. Bacteria, however,
occasionally found their way to ground water, sometimes in
dangerously high concentrations. But freedom from bacteria
alone does not mean that the water is fit to drink. Many
unseen dissolved minerals and organic constituents are
present in groundwater in various concentrations. Most are
harmless or even beneficial; though occurring infrequently,
others are harmful, and few may be highly toxic. Water
typically not considered fit for drinking if the quality of
dissolved minerals exceeds 1000 mg/L. Water with a few
thousand mg/L of dissolved minerals is classed as slightly
saline, but sometimes used in areas where less-mineralized
water is not available (Montcoudiol et al., 2015).

Due to unique chemical properties of water due to its
polarity and hydrogen bonding, it has ability to suspend,
dissolve, absorb and adsorb many different compounds. Thus
water is not pure in nature, as it acquires contaminants from
its surrounding and those arising from humans and animals
as well as other biological activities (Chitmanat and
Traichaiyaporn, 2010; Mendie, 2005). In recent years, the
growth of industry, technology, population and water use has
increased the stress upon both our land and water resources.
Locally, the quality of groundwater has been degraded (Barik
and Pattanayak, 2019; Dippong et al., 2019; Funk et al., 2019;
Jang et al., 2019; Kalhor et al,, 2019; Khan and Umar, 2019;
Khanoranga and Khalid, 2019; Kilgour et al., 2019; Sefati et
al,, 2019; Shakerkhatibi et al., 2019). Municipal and industrial
wastes and chemical fertilizers, herbicides, and pesticides not
properly contained have entered in the soil, infiltered some
aquifers, and degraded the ground water quality (Khattak et
al,, 2012; Riaz et al,, 2018). Other pollution problems include
sewage leakage, faulty septic-tank operation, and landfill
leachates. In some coastal areas, intensive pumping of fresh
ground water has caused salt water to intrude into fresh-
water aquifers (Woods, 1990). In present research work
groundwater samples were analyzed of selected areas of
Punjab (Sheikhupura & Sahiwal) and Sindh (Sindh, Jawar
Dharki and Dharki). The water quality parameters like pH,
color, odor, conductance, total suspended solids, trace metals
(Fe, Cu, B, Ba, Al, Cr, Cd, Ni, Mn, Se), ionic concentration
(HCOs,, CO3%, CI;, SO4%, Na*, K*, Ca2*, Mg2*, NOs", NOz,, NHa*, F,
P043, CN-) and for microbiological enumeration (total viable
count, Total coliforms, Fecal coliforms E. coli). The data was
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Table 1: Sampling areas and sites
Area Provinces
Sheikhupura Site 1 Punjab
Sheikhupura Site 2 Punjab
Sahiwal Site 3 Punjab
Jawar Dharki Site 1 Sindh
Dharki Site 2 Sindh
Sindh-1 Site 3 Sindh

The samples were collected from different locations of
Punjab & Sindh that are being extensively used for drinking
and other domestic purposes. The water samples were taken
from average depth 25-35 m. All water samples were
collected in sterile glass Schott bottles (5 liter). While
sampling some parameters like pH and conductance were
measured in the field by using portable kits. For other
parameters samples were stored and transported in a cool
box kept below 4°C (APHA, 2005). The detailed chemical and
microbiological analyses were performed as soon as the
samples were carried to the laboratory.

Microbiological analysis

All samples were examined using standard methods (APHA,
2005; AOAC, 2005).

Physicochemical analysis

The physico-chemical parameters were determined
according to procedures outlined in the Standard Methods
for the Examination of Water and Wastewater (APHA, 2005).
Turbidity was measured with a HACH 2100 P Turbidimeter.
Sodium and potassium were measured by flame emission
photometry, trace metals by atomic absorption
spectrophotometer, calcium and magnesium by EDTA
titration, sulphate by the turbidimetric method, colour by
colour comparator and chloride by argentometric titration.
Other analyses included alkalinity by strong acid titration
method. Nutrients (nitrate-nitrogen and phosphate-
phosphorous) were determined using Dionex-80 ion analyzer
and ammonium by direct nesslerization and spectrophoto-
metric determination at 410 nm. Fluoride by SPADNS
method, total dissolved solids and suspended solids were
measured gravimetrically after drying in an oven to a
constant weight at 1052C. The location of the sampling sites
is shown in Table 1.

analyzed  with  reference to  WHO  guidelines/ RESULTS AND DISCUSSION
recommendations.
The physical parameters of the collected samples are such
MATERIAL AND METHODS as color and odor of all samples are within the WHO limits
which is colorless and odorless and responses are shown in
Samples collection Table 2 along with WHO recommended limits (WHO, 2004).
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Table 2: Physical parameters of groundwater samples collected from different areas and sites

Location Depth Color Odor pH Conductivity TSS
m 26 0C us/cm mg/L

Sheikhupura Site 1 200 colorless Odorless 8.23 679 N.D*
Sheikhupura Site 2 460 colorless Odorless 8.29 685 N.D
Sahiwal Site 3 550 colorless Odorless 7.81 887 N.D
Sindh Site 1 150 colorless Odorless 8.03 46300 36
Jawar Dharki Site 2 600 colorless Odorless 8.19 276 N.D
Dharki Site 3 400 colorless Odorless 8.44 12960 52
WHO colorless Odorless 6.5-8.5 14 N.D

*N.D = Not-detected

Table 3: Microbiological analysis of groundwater samples collected from different areas and sites
Location *A B C D E F
Sheikhupura Site 1 90x103 94 70 33 Detected 17
Sheikhupura Site 2 8.5x102 23 20 23 N.D 23
Sahiwal Site 3 1.2x102 N.D N.D N.D N.D N.D
Sindh Site 1 1.9x104 94 49 80 Detected 23
Jawar Dharki Site 2 5.0x102 N.D N.D N.D N.D N.D
Dharki Site 3 6.2x10? 46 39 31 Detected 17
WHO - 0.0 0.0 0.0 N.D 0.0

*A = Viable count/mL, B = Total coliforms (MPN/100 mL), C = Fecal coliforms (MPN/100 mL), D = E. coli (MPN/100 mL), E =

Salmonella spp. /25 mL and F = Pseudomonas Spp. (MPN/100 mL), *N.D = Not-detected

Table 4: Trace metals (mg/L) analyses of groundwater samples collected from different areas and sites
Location Fe Cu B Ba Al Cr Cd Ni Mn Se
Sheikhupura Site 1 0.78 N.D 0.214 N.D N.D N.D 0.02 0.25 0.1 N.D
Sheikhupura Site 2 0.1 N.D 0.4 0.2 N.D N.D N.D N.D 0.02 N.D
Sahiwal Site 3 0.06 N.D 1.6 0.1 N.D N.D N.D N.D N.D N.D
Sindh Site 1 0.35 N.D 0.47 0.1 N.D N.D N.D 0.25 N.D N.D
Jawar Dharki Site 2 0.22 0.055 0.4 N.D N.D N.D N.D 0.01 N.D N.D
Dharki Site 3 0.32 N.D N.D N.D N.D N.D N.D N.D 0.02 N.D
WHO 0.3 1 1 1 0.02 0.1 0 0.05 0.1 N.D

N.D = Not-detected

The pH of all samples is also fall within the recommended
limits (6.5-8.5) and total suspended solids should be zero;
but two samples of groundwater (Sindh-1 and Dharki)
contained TSS 36.0 and 52.0 mg/L respectively. In this
study, the conductivity of the collected samples is observed
above permissible limits of WHO i.e., 46300 and 12960
us/cm of Sindh-1 and Dharki groundwater samples. Overall
results of the physical analysis showed that Sindh-1 and
Dharki are not fit for human consumption while other
samples can be used for drinking purposes.

www.bosaljournals/chemint/

According to WHO recommendations, the drinking water
must have zero total coliforms, fecal coliforms and E. coli
(WHO, 2004). The results of microbiological analysis are
shown in Table 3 that show that Sheikhupura site-1,
Sheikhupura site-2, Sindh-1, and Dharki groundwater is not
fit for drinking purposes. Total coliform counts give a
general indication of the sanitary condition of a water
supply, which include bacteria that are found in the soil, in
water that has been influenced by surface water and
human/animal waste (Atherholt et al., 2003).

243

editorci@bosaljournals.com


http://www.bosaljournals/chemint/
mailto:editorci@bosaljournals.com

ISSN: 2410-9649 Deeba et al / Chemistry International 5(4) (2019) 241-246 iscientic.org.

Table 5: Ionic concentration (mg/L) analyses of groundwater samples collected from different areas and sites
Location HCOs» COs~ CI SO+~ Na* K+ Ca** Mg NOs3- NO2 NHs F PO+~ CN-
gihti“;h“p“ra 261.8 ND 35 576 116 15 8 3.4 ND ND ND 015 ND ND
gihtillz‘h“p“ra 225 ND 272 24 95 5 1406 854 5 ND ND 28 ND ND
Sahiwal Site 3 319 N.D 80.97 45 85 6 40 15.5 N.D ND 085 0.25 025 N.D
Sindh Site 1 2336 ND 12140 6140 2480 110 820 11165 118 ND ND ND 55 ND
]S?:Zazr Pharki 17139 ND 199 44 10 2 16 1458 ND ND ND 25 50 ND
DharkiSite3  583.77 ND 2603 960 1800 40 102 191 ND ND 1.02 5 ND ND

300 ND 290 250 250 50 250 50 50 50 50 1.5 ND ND

WHO 600

*N.D = Not-detected

E. coli is the major species in the fecal coliform group. Of the
five general groups of bacteria that comprise the total
coliforms, only E. coli is generally not found growing and
reproducing in the environment (Crysup and Mott, 2001;
Stewart, 2012). Data shows that only Sahiwal and Jawar
Dharki were fit microbiologically while all the other sample
having values above WHO recommended level, so they
were unfit for drinking purpose.

The results of trace metals are shown in Table 4,
according to this study due to slightly high concentration of
Cd, the Sheikhupura site-1 sample is not potable; slightly
high concentration of iron is observed in Sheikhupura site-
2, Sindh site-1 and Darki samples. The concentration of Ni
is found in Sheikhupura site-1 and Sindh site-1. The
chromium compounds bind to soil are not likely to migrate
to ground water. They are very persistent in water as
sediments. There is a high potential for accumulation of
chromium in aquatic life (Singh and Lawrence, 2007).

Naturally occurring contaminants are present in
the rocks and sediments. As ground water flows through
sediments, metals such as iron and manganese are
dissolved and may later be found in high concentrations in
water. Industrial discharges, urban activities, agriculture,
groundwater pumping and disposal of waste all can affect
groundwater quality. Contaminates from leaking fuel tanks
or fuel or toxic chemicals spills may enter the groundwater
and contaminate the aquifer (Kjoller et al., 2004).

The result of ionic concentration analysis (Table 5)
shows that very high Bicarbonates (HCO3) ions are present
in the samples of Sahiwal and Dharki; while all samples are
found satisfactory in respect of Carbonates and Cyanide
(CN) concentrations. Sindh-1 and Jawar Dharki samples
have showed very high concentration for chloride ions, all
samples were satisfactory level for sulphate (S04%), sodium
(Na), Magnesium (Mg) and phosphate ions except
groundwater samples of Sindh-1 and Jawar dharki. There
was high concentration of calcium and potassium ions in
samples of Sindh-1 while all samples were found fit for
drinking purposes in respect of nitrate, nitrite and

www.bosaljournals/chemint/

ammonium ions. Slightly high concentration of fluoride is
found in Jawar Dharki and Dharki groundwater samples,
but high concentration level was found in Sheikhupura site-
2 sample. These findings revealed that the water quality is
has been changed in comparison of previous studies from
the selected area and with the passage of time the water
quality is degrading. So far, there is need to monitor the
drinking water quality, which is helpful to avoid the
negative health impacts (Boone et al., 2019; Brunner et al.,
2019; Charuaud et al.,, 2019; Khanoranga and Khalid, 2019;
Mintenig et al., 2019; Mohammed, 2019; Nnorom et al,
2019; Perrin et al,, 2019; Rocha-Melogno et al., 2019; Ruiz-
Bevia and Fernandez-Torres, 2019; Shakoor et al, 2019;
Sharma et al,, 2019; Uppal et al.,, 2019; Xiao et al,, 2019).

CONCLUSIONS

The study has provided information about the water quality
status of different locations of the Punjab and Sindh
provinces of Pakistan. The results indicated that pH, color
and odor were all within their natural background levels of
6.5-8.5, colorless and odorless respectively, but the
conductivity of all samples were observed out of
recommended limits of WHO. The high total suspended solids
were observed in the Sindh-1 and Dharki samples.
Microbiologically only Sahiwal and Jawar Dharki are found fit
for drinking purpose as according to the WHO guidelines /
recommendations for drinking water the total coliforms,
fecal coliforms and E. coli must be absent. Hence, the
microbiological quality of all the water sources was poor due
to direct contamination by animal and human activities.
Trace metals analysis of Dharki and Sindh-1 has showed that
they do not fall within limits of WHO for Iron, while Cd and Ni
concentration is slightly high in Sheikhupura site-1
groundwater sample. In case of Mn, Sheikhupura site-1,
Sheikhupura site-2 and Dharki were observed to be slightly
high.
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