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The assessment of groundwater is essential for the estimation of suitability of water for safe use. An
attempt has been made to study the groundwater at the district level of Punjab, Pakistan. These samples
were analyzed for various water quality parameters like pH, color, odor, conductance, total suspended
solids, trace metals (Fe, cu, B, Ba, Al, Cr, Cd, Ni, Mn and Se), ionic concentration (HCOgz, COs3, Cl, SOy,
Na, K, Ca, Mg, NO3, NO,, NH,4, F, PO, and CN) and for microbiological enumeration (total viable count,
total and fecal coliforms Escherichia coli, Salmonella spp. and Pseudomonas spp.). The data was
analyzed with WHO guidelines/ recommendations. The results of physical analysis indicated that all
samples are safe except the groundwater of Kasur and Khanewal District. About 66.67% samples are
out of total suspended solids (TSS) limit. Microbiologically, only six groundwater of Punjab districts are
found potable according to WHO limits. In the trace metals analysis, highest level of iron was detected
in Jhang while the groundwater of three districts were not potable due to high level of boron and nickel
but the groundwater of all districts was found safe with respect to Ba, Al and Cr. As far as ionic
concentration is concerned, 11 districts were found not to be within WHO limit in the case of
bicarbonates, seven in phosphates, five in floride, and eight in calcium and potassium. Only 10 districts
fall within the limit of chlorine and all samples showed satisfactory results in the case of CN, COz, NO,,
NOs, Mg, SO, and NH,,

Key words: Groundwater, physicochemical, ionic concentration, traces elements, microbiology, WHO
guidelines/recommendations.

INTRODUCTION

The quality of groundwater is the resultant of all the has many unique characteristics which makes it suitable
processes and reactions that act on the water from the for public use. It is naturally found in sterile conditions
surroundings and it varies from place to place and with (Mondal et al., 2007). Groundwater particularly accounts
depth of the water table (Reid et al., 2003). Groundwater for the supply of safe drinking water in rural areas, where
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population is dispersed. For proper infrastructure, a high
cost treatment setup and transportation of surface water
are needed (Langeneggar, 1990).

Unfortunately, in Pakistan, the availability of ground-
water is not unlimited nor is it safe for drinking purpose.
The problem of groundwater pollution in several parts of
the country has become so acute that extensive ground-
water resources may be damaged (Gunkel et al, 2007).

There are many reasons and sources of contamination
to the groundwater, for example, land disposal of solid
wastes, sewage disposal on land, agricultural activities,
urban runoff and polluted surface water (Laluraj et al.,
2005). The suitability of groundwater has been examined
with reference to WHO (2004) and NEQS (2002)
standards.

The quality of groundwater in some parts of the
Pakistan is changing as a result of human activities.
Bacteria occasionally find their way into groundwater,
sometimes in dangerously high concentrations. But
freedom from bacteria alone does not mean that the
water is fit to drink (Khalafalla, 1993; Babiker and
Muhammad, 2014). 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 (Longe and
Balogun, 2010). Water typically is 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
(WHO, 2004). These dissolved minerals can be
hazardous to animals and plants in large concentration;
for example too much sodium in the water may be
harmful to the people who have heart problem. Boron is
the mineral that is good for plants in small amount but it is
toxic to some plants in only slight higher concentration.
Water that contains a lot of calcium and magnesium is
said to be hard. The very hard water is not desirable for
many domestic uses; it will leave a scaly deposit on the
inside of pipes, boilers and tanks. Groundwater,
especially if acidic, in many places contains excessive
amount of iron. lron causes reddish stain on plumbing
fixtures and clothing (Mondal et al., 2007).

In recent years, the growth of industry, technology,
population and water use has increased the stress on
both our land and water resources. Locally, the quality of
groundwater has been degraded (Langeneggar, 1990).
Municipal and industrial wastes and chemical fertilizers,
herbicides and pesticides not properly curtailed have
entered into the soil, infitered some aquifers, and
degraded the groundwater quality. Other pollution
problems include sewage leakage, faulty septic-tank
operation and landfill leachates (Woods, 1990).

In this study, the portability of groundwater of 36
districts of the Punjab province, Pakistan has been
assessed for physical, chemical and microbiological
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quality.

MATERIALS AND METHODS
Samples collection

The samples were collected during March-September, 2012 from
different locations of 36 districts of Punjab that are being
extensively used for drinking and other domestic purposes (Figure
1). The water samples were taken from average depth of 25-35 m.
All water samples were collected in sterile glass Schott bottles (5 L).
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. All tests were performed in triplicate on the random
appropriate sampling from each district.

Microbiological analysis

All samples were examined using standard methods of APHA
(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 tittration. 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 nesslerisation and
spectrophoto-metric determination at 410 nm. Fluoride was
determined by SPADNS method, total dissolved solids and
suspended solids were measured gravimetrically after drying in an
oven to a constant weight at 105°C. Table 1 shows the name of
districts of the Punjab, from where the samples of water were
collected, with their area and population density (people/km?).

RESULTS AND DISCUSSION
Physical analysis

As far as physical parameters of the collected samples
are concerned, the color and odor of all samples are
within the WHO limits (WHO, 2004) except the ground-
water of Kasur District. The pH dropped to 5.20 in
groundwater of Kasur while the samples collected from
Khanewal was found to be alkaline with pH of 8.83 while
the rest samples fall within the recommended range (6.5-
8.5). According to WHO guidelines, the total suspended
solids (TSS) should be zero; but about 66.67% samples
are out of range. In this study, the conductivity of the
collected samples is observed above permissible limits of
WHO. The results of physical parameters of selected
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Figure 1. Map of districts of Punjab (refer to Table 1).

samples, along with  WHO recommended limits are
shown in Table 2.

Microbiological analysis

The most basic test for bacterial contamination of a water
supply is the test for total coliform bacteria (Styenberg et
al., 1995). Total coliform counts give a general indication
of the sanitary condition of a water supply. Total coliforms
include bacteria that are found in the soil and in water
that has been influenced by surface water, and in human
or animal waste (Atherholt et al., 2003). Fecal coliforms
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are the group of the total coliforms that are considered to
be present specifically in the gut and feces of warm-
blooded animals (Crysup and Mott, 2001). If fecal
coliform counts are high (over 200 colonies per 100 ml of
water sample), there is a greater chance that pathogenic
organisms are also present. Diseases and illnesses such
as typhoid fever, hepatitis, gastroenteritis, dysentery and
ear infections can be contracted in waters with high fecal
coliform counts (Francy et al., 2000). According to WHO
recommendations/ guidelines, drinking water must have
zero total coliforms, fecal coliforms and E. coli (WHO,
2004). The results of the present study show that only
22% groundwater samples are found according to the



Table 1. Information on the selected districts of Punjab.
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District name Area (kmz) Population (1998) Density (people/kmz)
Attock 6,858 1,274,935 186
Bahawalnagar 8,878 2,061,447 232
Bahawalpur 24,830 2,433,091 98
Bhakkar 8,153 1,051,456 129
Chakwal 6,524 1,083,725 166
Chiniot 965,124

Dera Ghazi Khan 11,922 1,643,118 138
Faisalabad 5,856 5,429,547 927
Gujranwala 3,622 3,400,940 939
Gujrat 3,192 2,048,008 642
Hafizabad 2,367 832,980 352
Jhang 8,809 2,834,545 322
Jhelum 3,587 936,957 261
Kasur 3,995 2,375,875 595
Khanewal 4,349 2,068,490 476
Khushab 6,511 905,711 139
Lahore 1,772 6,318,745 3,566
Layyah 6,291 1,120,951 178
Lodhran 2,778 1,171,800 422
Mandi Bahauddin 2,673 1,160,552 434
Mianwali 5,840 1,056,620 181
Multan 3,720 3,116,851 838
Muzaffargarh 8,249 2,635,903 320
Narowal 2,337 1,265,097 541
Nankana Sahib 2,960 1,410,000

Okara 4,377 2,232,992 510
Pakpattan 2,724 1,286,680 472
Rahim Yar Khan 11,880 3,141,053 264
Rajanpur 12,319 1,103,618 90
Rawalpindi 5,286 3,363,911 636
Sahiwal 3,201 1,843,194 576
Sargodha 5,854 2,665,979 455
Sheikhupura 5,960 3,321,029 557
Sialkot 3,016 2,723,481 903
Toba Tek Singh 3,252 1,621,593 499
Vehari 4,364 2,090,416 479
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limit of WHO for total coliforms, only eight districts are
found free of E. coli. The 13 districts are found conta-
minated with Salmonella spp. while only eight districts
groundwater was free from the Pseudomonas spp.
Overall, only six groundwater of Punjab districts are
found potable according to WHO limits. The results of
microbiological analysis are shown in Table 3.

Trace metals analysis

The results of trace metals are shown in Table 4,
according to this study, the highest level of iron (Fe)

was detected in Jhang (0.89) and overall groundwater of
17 districts were found to be outside the range of
recommended limits of WHO. Infact, iron is one of the
most worrying elements in water supplies (Pradhan et al.,
2001). Rainwater as it infiltrates the soil and underlying
geologic formations dissolves iron, causing it to seep into
aquifers that serve as sources of groundwater for wells
(Marian, 1991). Iron and manganese (Mn) are common
water contaminants that are not considered health
hazards. Their presence in water results in staining as
well as offensive tastes and appearances. As ground-
water flows through sediments, metals such as iron and
manganese (Mn) are dissolved and may later be found
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Table 2. Physical parameters for 36 districts of Punjab.

Location Color Odor pH at 26°C  Conductivity (us/cm) TSS (mg/L)
Attock Colorless Odorless 8.23 679 N.D
Bahawalnagar Colorless Odorless 8.29 685 N.D
Bahawalpur Colorless Odorless 8.03 46300 36.0
Bhakkar Colorless Odorless 7.81 887 N.D
Chakwal Colorless Odorless 8.19 276 N.D
Chiniot Colorless Odorless 8.44 12960 52.0
Dera Ghazi Khan Colorless Odorless 7.20 140 N.D
Faisalabad Colorless Odorless 8.23 889 N.D
Gujranwala Colorless Odorless 8.29 112 N.D
Gujrat Colorless Odorless 8.03 5566 61.0
Hafizabad Colorless Odorless 7.81 678 N.D
Jhang Colorless Odorless 8.19 431 N.D
Jhelum Colorless Odorless 8.44 569 N.D
Kasur Colored Odorless 5.20 9888 43.9
Khanewal Colorless Odorless 8.83 8886 N.D
Khushab Colorless Odorless 8.09 9209 N.D
Lahore Colorless Odorless 8.04 213 23.6
Layyah Colorless Odorless 7.25 2006 19.9
Lodhran Colorless Odorless 8.11 334 N.D
Mandi Bahauddin Colorless Odorless 8.49 554 55.1
Mianwali Colorless Odorless 7.29 665 N.D
Multan Colorless Odorless 7.20 881 N.D
Muzaffargarh Colorless Odorless 8.03 332 N.D
Narowal Colorless Odorless 8.01 321 39.0
Nankana Sahib Colorless Odorless 7.24 456 N.D
Okara Colorless Odorless 8.29 667 N.D
Pakpattan Colorless Odorless 7.44 119 N.D
Rahim Yar Khan  Colorless Odorless 7.20 443 N.D
Rajanpur Colorless Odorless 7.23 663 N.D
Rawalpindi Colorless Odorless 8.21 459 22.9
Sahiwal Colorless Odorless 8.00 442 16.0
Sargodha Colorless Odorless 7.89 112 N.D
Sheikhupura Colorless Odorless 8.09 11001 N.D
Sialkot Colorless Odorless 7.44 445 22.0
Toba Tek Singh Colorless Odorless 7.01 111 N.D
Vehari Colorless Odorless 6.99 236 45.9
WHO Colorless Odorless 6.5-8.5 14.00 N.D

in high concentrations in water. Industrial discharges,
urban activities, agriculture, groundwater pumages and
disposal of waste can all affect groundwater quality
(Kjoller et al., 2004).

Copper is a metal that occurs naturally in rock, soil,
plants, animals and water (Kerbyson and Schandorf,
1966). The level of copper in surface and groundwater is
generally very low. High levels of copper may get into the
environment through mining, farming, manufacturing
operations and municipal or industrial wastewater
releases into rivers and lakes. Copper can get into
drinking water either directly by contaminating well water

or through corrosion of copper pipes if water is acidic.
Corrosion of pipes is by far the greatest cause for
concern. In human, its causes stomach and intestinal
diseases, liver and kidney damage in high doses. But in
this study, fortunately all samples were found within limits
of WHO for copper concentration.

Boron is the mineral that is good for plants in small
amount but it is toxic to some plants in only slight higher
concentration and nickel may be found in slate,
sandstone, clay minerals and basalt. The main nickel
source is pentlandite (Atherholt et al., 2003). Nickel is a
dietary requirement for a number of organisms, therefore
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Table 3. Microbiological analysis of groundwater samples.
Location Viable Total coliforms  Fecal coliforms E. coli Salmonella Pseudomonas
count/ml (MPN/100 ml) (MPN/100 ml) (MPN/100 ml) spp./25ml  spp. (MPN/100ml)
Attock 90*10° 94 70 33 Detected 17
Bahawalnagar 8.5*10° 24 20 23 N.D 23
Bahawalpur 1.9*10* 94 49 80 Detected 23
Bhakkar 1.2%10? N.D N.D N.D N.D N.D
Chakwal 5.0%102 N.D N.D N.D N.D N.D
Chiniot 6.2*10° 70 39 31 N.D 17
Dera Ghazi Khan 23*10° 84 70 33 N.D 11
Faisalabad 4.5*10° 24 20 23 N.D 23
Gujranwala 9.9+10* 40 20 20 Detected 4.0
Gujrat 1.4%10? 14 14 N.D N.D 2.0
Hafizabad 5.5%10° N.D N.D N.D N.D N.D
Jhang 6.7*10° 40 17 31 Detected 6.8
Jhelum 60*10° 70 63 33 Detected 11
Kasur 8.7*10" 33 20 23 N.D 23
Khanewal 3.9%10* 94 49 80 Detected 20
Khushab 1.5%10? N.D N.D N.D N.D N.D
Lahore 5.9+10° 14 11 4.5 N.D 4.5
Layyah 1.2*10° 21 11 11 Detected 17
Lodhran 50%10° 94 70 33 N.D 14
Mandi Bahauddin 8.5%10° 24 20 23 N.D 23
Mianwali 1.0¢10" 94 49 80 Detected 33
Multan 1.5%10? 11 6.8 2.0 N.D N.D
Muzaffargarh 5.4*10° N.D N.D N.D N.D N.D
Narowal 6.5*10° 48 39 31 Detected 17
Nankana Sahib 76*10° 70 47 33 Detected 6.8
Okara 8.4*10° 24 20 23 N.D 23
Pakpattan 1.1*10* 84 49 80 N.D 33
Rahim Yar Khan 1.3*10" 120 110 39 Detected N.D
Rajanpur 5.2*10° 33 33 N.D N.D 2.0
Rawalpindi 2.2*10° 26 11 17 N.D 17
Sahiwal 40%10° 70 63 33 N.D 20
Sargodha 1.5*10" 17 20 23 N.D 23
Sheikhupura 6.9+10" 63 49 33 Detected 7.8
Sialkot 2.2%10° N.D N.D N.D N.D 2.0
Toba Tek Singh 3.9%10° N.D N.D N.D N.D N.D
Vehari 3.1*10" 40 11 24 Detected 14
WHO - Zero Zero Zero N.D Zero

*N.D = Not detected.

it might be of significance to humans (MacCutcheon et
al., 1983). Nickel compounds may be toxic in high con-
centrations, but these are often water insoluble, limiting
potential harm (Singh and Lawrence, 2007). Results
show that the groundwater of three districts could not be
potable due to high level of boron (B) and Ni in
groundwater.

Four districts are found not to be within WHO limits for
cadmium which is found in rocks, coals and petroleum
and enters the ground and surface water when dissolved

by acidic waters. It causes kidney damage, anemia, high
blood pressure and liver damage.

Selenium (Se) occurs naturally in the environment.
Selenium that is immobile and will not dissolve in water is
less of a risk to organisms. The oxygen levels in the soil
and the acidity of the soil will increase mobile forms of
selenium. Higher oxygen levels and increased acidity of
soils is usually cause by human activities such as
industrial and agricultural processes (Kerbyson and
Schandorf, 1966). Humans may be exposed to selenium
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Table 4. Trace metals (mg/L) analysis of groundwater samples.

Location Fe Cu B Ba Al Cr Cd Ni Mn Se
Attock 0.78 N.D 0214 N.D ND ND 001 029 0.09 N.D
Bahawalnagar 0.11 N.D 0.4 02 ND ND ND ND 002 N.D
Bahawalpur 0.34 N.D 0.47 0.1 ND ND ND ND ND N.D
Bhakkar 0.36 N.D 1.91 0.1 ND ND ND ND ND N.D
Chakwal 0.21 0.055 N.D ND ND ND ND 001 ND N.D
Chiniot 0.33 N.D ND ND ND ND ND ND ND N.D
Dera Ghazi Khan 0.71 N.D 020 N.D ND ND ND 025 ND N.D
Faisalabad 0.35 N.D 0.46 0.2 ND ND ND ND ND N.D
Gujranwala 0.34 N.D N.D 0.1 ND ND ND ND ND N.D
Gujrat 0.22 N.D N.D 01 ND ND ND ND ND N.D
Hafizabad 021 0051 ND ND ND ND ND ND ND N.D
Jhang 0.89 N.D N.D N.D ND ND 003 ND 001 N.D
Jhelum 0.71 N.D 046 ND ND ND ND ND 010 N.D
Kasur 0.15 N.D 0.55 0.2 ND ND ND ND ND N.D
Khanewal 0.25 N.D 0.42 0.1 ND ND ND 014 ND N.D
Khushab 0.16 N.D 0.33 0.1 ND ND ND ND ND N.D
Lahore 026 0.021 041 ND ND ND ND ND ND N.D
Layyah 0.30 N.D N.D ND ND ND ND ND 0.03 ND
Lodhran 0.77 N.D 0.14 ND ND ND 002 ND ND N.D
Mandi Bahauddin 0.19 N.D N.D 0.2 ND ND ND ND ND N.D
Mianwali 0.36 N.D N.D 0.1 ND ND ND ND ND N.D
Multan 0.16 0.022 1.99 01 ND ND ND ND ND N.D
Muzaffargarh 0.26 0.020 0.4 N.D N.D ND ND 001 ND N.D
Narowal 0.34 N.D N.D ND ND ND ND ND ND N.D
Nankana Sahib 0.28 N.D 0.11 ND ND ND ND 021 ND N.D
Okara 0.10 N.D 0.41 0.2 ND ND ND ND 0.02 N.D
Pakpattan 0.35 N.D 0.42 0.1 ND ND ND ND ND N.D
Rahim Yar Khan 0.46 N.D 1.12 0.1 ND ND ND ND ND N.D
Rajanpur 0.25 N.D N.D ND ND ND ND ND ND N.D
Rawalpindi 0.32 N.D N.D N.D ND ND ND ND ND N.D
Sahiwal 0.74 N.D 0.81 ND ND ND 001 003 ND N.D
Sargodha 0.11 N.D 0.41 0.2 ND ND ND ND ND N.D
Sheikhupura 045 N.D 0.70 0.1 ND ND ND ND ND N.D
Sialkot 0.26 N.D 160 01 ND ND ND ND ND N.D
Toba Tek Singh 021 0.028 010 ND ND ND ND 002 ND N.D
Vehari 0.31 N.D N.D N.D ND ND ND ND 0.02 N.D
WHO 030 1.0 1.0 10 0.02 0.0 0.00 0.05 0.10 N.D

in several ways. Fortunately, all districts groundwater
were found safe in the sense of Se.

Barium can cause a variety of cardiac, gastrointestinal
and neuromuscular effects. Aluminum occurs naturally in
some rocks and drainage from mines. It can precipitate
out of water after treatment, causing increased turbidity
or dissolved water (Marian, 1991). Chromium has the
potential to damage liver, kidney, circulatory and nerve

tissues; and cause skin irritation. When released into
land, chromium compounds bind to soil and are not likely
to migrate to groundwater. They are very persistent in
water as sediments. There is a high potential for
accumulation of chromium in aquatic life (Singh and
Lawrence, 2007) and the results has shown that
groundwater of all districts was found safe with respect to
Ba, Al, and Cr.



lons concentration analysis

The presence of carbonates, bicarbonates and
hydroxides are the main causes of the alkalinity in the
natural water. Bicarbonates represent the major form
since they are formed in considerable amount in the soil
(MacCutcheon et al., 1983). In this study, we found that
11 districts were outside the WHO limit.

While phosphates limit was exceeded in seven districts,
fluoride in five districts, and calcium in eight districts. The
fluoride concentration is present in soil strata and the
accumulation of fluoride in soil strata results in the
leaching process due to percolating water pressure
resulting to increased fluoride concentration in ground-
water (O'Neil, 1993). When the concentration of
phosphates rises, the coagulation processes in drinking
water treatment plants may be adversely affected.
Manmade sources of phosphate include human sewage,
agricultural run-off from crops, sewage from animal
feedlots, pulp and paper industry, vegetable and fruit
processing, chemical and fertilizer manufacturing and
detergents (Marian, 1991).

Only 10 districts samples were found in the limit in the
case of chlorine (Cl) and all samples showed satisfactory
results in the case of CN, CO3;, NO,, NO3;, Mg, SO, and
NH,4 Nitrate is effective plant nutrient and moderately
toxic and is considered important for its adverse health
effects (Jain and Ram, 1996). The higher nitrate
concentration may be attributed to combined effect of
contamination from domestic sewage and runoff from
fertilized fields (Langanegger, 1987) and cyanides are
generally not persistent when released into water or soil,
and are not likely to accumulate in aquatic life. They
rapidly evaporate and are broken down by microbes.
They do not bind to soils and may leach to groundwater.
EPA has found cyanide to potentially cause the following
health effects when people are exposed to it at levels
above the MCL for relatively short periods of time: rapid
breathing, tremors and other neurological effects (Marian,
1991).

In the present study, all samples showed satisfactory
results for ammonia. NHs is the principal form of toxic
ammonia. It has been reported toxic to fresh water
organisms at concentrations ranging from 0.53 to 22.8
mg/L (DWAF, 1998). Toxic concentrations of ammonia in
humans may cause loss of equilibrium, convulsions,
coma and death (Bolalak and Frankowaski, 2003). The
sulphate contents of water may change significantly with
time during infiltration of rainfall and groundwater
recharge, which mostly takes place from stagnant pools,
puddles and surface runoff water collected in low-lying
areas. All samples showed satisfactory results in this
study. All samples showed satisfactory results for sodium
in this study except that from Gujrat. In fact, sodium
concentration more than 50 mg/L make the water
unsuitable for domestic use.

Eight districts were found to have unfit groundwater in
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the case of potassium, with highest value in Mianwali
(120 mg/L), which naturally occurs in various minerals,
from which it may be dissolved through weathering
processes (Chapman, 1996). Potassium plays a central
role in plant growth, and it often limits it. Potassium from
dead plant and animal material is often bound to clay
minerals in soils, before it dissolves in water (O'Neil
1993).

Conclusion

This study has provided information on the water quality
status of groundwater from 36 districts of the Punjab,
Pakistan. The physical, chemical and microbiological
qualities were assessed. The results of physical analysis
indicated that pH, color and odor were all within their
natural background levels of 6.5-8.5 except the
groundwater of Kasur and Khanewal District. According
to WHO guidelines, the total suspended solids (TSS)
should be zero but about 66.67% samples are not within
this limit. In this study, the conductivity of all the collected
samples is observed above permissible limits of WHO.

According to WHO recommendations/guidelines,
drinking water must have zero total coliforms, fecal
coliforms and E. coli (WHO, 2004). Results of the present
study show that only 22% groundwater samples are
found according to the limit of WHO for total coliforms,
only eight districts are found free of E. coli. 13 districts
are found to samples contaminated with Salmonella spp.,
while only eight districts groundwater were free from the
Pseudomonas spp. Overall, only six groundwater
samples of Punjab districts are found potable according
to WHO limits.

In the trace metals analysis, highest level of iron (Fe)
was detected in Jhang (0.89) and overall groundwater of
17 districts were found to be out of the recommended
limits of WHO while the groundwater of three districts
could not be potable due to high level of boron and Ni in
groundwater. The results of the present study has shown
that groundwater of all districts was found safe with
respect to Ba, Al and Cr.

As far as ionic concentration is concerned, the 11
districts were found not to be within the WHO limit in the
case of bicarbonates while phosphates Ilimit was
exceeded in seven districts, fluoride limit was exceeded
in five districts, and calcium limit was exceeded in eight
districts Table 5. Only ten districts samples were found
within the limit in the case of chlorine (CI) and all samples
showed satisfactory results in the case of CN, COj3, NO,,
NOs, Mg, SO, and NH, and eight districts are found to
have unfit groundwater in the case of potassium, with
highest value in Mianwali (120 mg/L).
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Table 5. lonic concentration (mg/L) analysis of groundwater samples

Location HCO; COj3 Cl SO, Na K Ca Mg NO; NO, NH4 F PO4 CN
Attock 261.8 N.D 35.0 51.6 116 1.57 8.0 34 N.D ND ND 015 N.D N.D
Bahawalnagar 225.0 N.D 27.2 29.0 95 5.09 14.06 8.54 50.0 N.D ND ND N.D N.D
Bahawalpur 233.6 N.D 121.0 69.9 248 110 820 115 N.D ND ND ND N.D N.D
Bhakkar 356.0 N.D 80.97 79.0 86 6.0 40 155 N.D ND 085 025 025 N.D
Chakwal 121.3 N.D 19.9 11.0 10.2 2.1 16 14.58 N.D ND ND 15 N.D N.D
Chiniot 583.7 N.D 2603 78.0 180 40.8 102 191.0 N.D ND 102 ND N.D N.D
Dera GhaziKhan 241.8 N.D 35.9 12.6 121 1.52 8.0 3.1 N.D ND ND 0.12 N.D N.D
Faisalabad 229.0 N.D 270.2 29.0 9.51 59.1 14.06 8.4 5.0 N.D ND ND N.D N.D
Gujranwala 2226 N.D 221.0 67.0 222 90 820 16.5 N.D N.D ND ND 1.02 N.D
Gujrat 339.0 N.D 180.9 41.0 281 63.0 40 255 N.D ND ND ND N.D N.D
Hafizabad 126.0 N.D 19.2 48.0 100 32.0 16 12.21 N.D ND ND 252 N.D N.D
Jhang 5125 N.D 280.1 23.0 181 10.0 102 17.9 N.D ND ND ND N.D N.D
Jhelum 221.8 N.D 35.1 24.6 102 1.23 8.0 3.1 N.D ND ND 015 N.D N.D
Kasur 223.0 N.D 22.9 15.0 91 5.01 14.06 8.4 N.D ND ND ND N.D N.D
Khanewal 133.6 N.D 121.1 61.0 24.8 112 820 115 N.D ND ND ND ND N.D
Khushab 219.0 N.D 820.9 41.0 85.1 60.0 40 15.5 N.D ND 081 ND N.D N.D
Lahore 131.3 N.D 192.9 22.0 10.21 2.12 16 11.58 N.D ND 100 25 050 N.D
Layyah 623.7 N.D 260.1 23.0 124 40.3 102 13.0 N.D ND 106 4.1 N.D N.D
Lodhran 281.8 N.D 35.01 65.6 11.3 151 8.0 3.6 N.D ND ND 011 N.D N.D
Mandi Bahauddin  229.0 N.D 27.98 11.0 9.25 59.0 14.06 2.4 512 ND ND ND N.D N.D
Mianwali 231.6 N.D 129.1 61.0 243 120 820 10.5 N.D ND ND ND ND N.D
Multan 322.0 N.D 10.97 89.0 250 6.0 40 11.5 N.D ND ND ND ND N.D
Muzaffargarh 1453 N.D 101.9 21.0 123 2.0 16 9.50 N.D ND ND ND 051 N.D
Narowal 589.7 N.D 269.1 75.0 142 20.9 102 11.0 N.D ND 102 ND N.D N.D
Nankana Sahib 261.1 N.D 35.1 90.6 216 1.87 8.0 3.49 N.D ND ND 0.15 N.D N.D
Okara 221.3 N.D 37.9 22.0 25 5.21 14.06 8.11 5.0 N.D N.D 028 N.D N.D
Pakpattan 232.8 N.D 421.0 140.0 142 119 820 225 1.18 ND ND ND ND N.D
Rahim Yar Khan 319.0 N.D 280.1 35.0 231 6.96 40 195 N.D ND ND ND ND N.D
Rajanpur 123.1 N.D 49.2 24.0 129 2.33 16 13.5 N.D ND ND 25 N.D N.D
Rawalpindi 581.7 N.D 260.3 92.0 180 40.3 102 11.0 N.D ND ND ND ND N.D
Sahiwal 261.2 N.D 350.1 21.6 189 1.51 8.0 3.47 N.D ND ND 019 N.D N.D
Sargodha 222.1 N.D 76.2 20.0 90.4 52.0 14.06 8.14 50.0 N.D ND ND N.D N.D
Sheikhupura 233.3 N.D 12.11 61.0 243 11.0 820 6.5 418 ND ND ND 155 N.D
Sialkot 329.1 N.D 89.8 49.0 120 26.0 40 155 N.D ND ND 125 025 N.D
T.K Singh 122.3 N.D 11.6 24.0 67.9 20.0 16 14.8 ND ND ND 21 050 N.D
Vehari 583.9 N.D 26.01 96.0 231 40.0 102 1.91 N.D ND 101 50 N.D N.D
WHO 300 N.D 26(())%- 250 250 50 250 50 50 50 50 1.5 N.D N.D
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