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Abstract: The industrial augmentation and unguided anthropogenic activities contaminate water
sources in most parts of the world especially in developing countries like Pakistan. High concentration
of pollutants in groundwater affects human, soil, and crop health badly. The present study
was conducted to investigate groundwater quality for drinking and irrigation purposes in an
industrial zone of Pakistan. A GIS tool was used to investigate the spatial distribution of different
physico-chemical parameters. In this study, the average results exceeding World Health Organization
(WHO) and National Environmental Quality Standards (NEQS) were found for pH 7.84, total
dissolved solids (TDS) 1492 mg/L, phosphate 0.51 mg/L, dissolved oxygen (DO) 9.92% saturation,
F-coli 6.48 colonies/100 mL, Na+ 366 mg/L, HCO3

− 771 mg/L, sulfate 251 mg/L, chlorides 427 mg/L,
total hardness (as CaCO3) 292 mg/L, electrical conductivity (EC) 2408 µS/cm, iron (Fe) 0.48 mg/L,
chrome (Cr) 0.50 mg/L, arsenic (As) 0.04 mg/L, total phosphorus (TP) 0.17 mg/L, sodium adsorption
ratio (SAR) 9.76 (in meq/L), residual sodium carbonate (RSC) 9.28 meq/L, % ion balance 14.4 (in
meq/L), percentage sodium ion (% Na+) concentration 58.9 meq/L, and water quality index (WQI)
69.0. The trend of cations and anions were (in meq/L) Na > Mg > Ca > K and HCO3 > Cl > CO3 > SO4

respectively. Although the results of the present study showed poor conditions of the groundwater
for drinking as WQI but and irrigation purposes as SAR, it needs to improve some more conditions
for the provision of safe drinking water and irrigation water quality.

Keywords: groundwater assessment; water scarcity; groundwater contamination; Khurrianwala
industrial estate; groundwater spatial variation

1. Introduction

Water is an essential substance which plays a significant role in the daily life of living organisms.
It also influences climatic changes and land shaping [1]. Groundwater is one of the primary water
sources which is a key driver of the domestic, industrial, and agricultural sectors. Over the past few
decades, water demand has been increasing continuously due to increasing water and energy balance
by all these sectors and continuous increases in population, leading to water shortage and quality
degradation. Thirteen percent of the world population do not have access to safe drinking water [2].
By the year 2030, half of the world’s population would suffer from a major water deficit [3]. On the
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other, augmented industrialization causes an increase in environmental degradation. The discharge of
untreated toxic wastewater effluents from the industries deteriorates the groundwater quality, which
affects human health, soil and crop yield. According to the World Health Organization, 80.0% of the
population is facing health diseases due to the unavailability of safe drinking water [4].

Water scarcity and environmental degradation are major problems in developing countries like
Pakistan. The industrial sector is the second largest economic sector which plays a vital role in
economic GDP with 13.5% [5]. Various studies have been conducted on groundwater quality in
different industrial areas of Pakistan. A study was conducted in Charsada, Pakistan, comprising
cottage industries and agrochemical products; results found that high contamination in groundwater
resources was due to the improper disposal of solid waste, sewage, and overuse of agro-chemical
products [6]. The worst groundwater quality was reported in Faisalabad and its vicinity, where a high
level of total dissolved solids, electrical conductivity, and total hardness exceed the WHO standards [7].
Another study was carried out to investigate groundwater, irrigation water and soil quality along
the Dijkot wastewater drain containing the effluents emitted from the paper mill, sugar mill, and
small textile units. Investigations showed the poor groundwater quality with high contamination
exceeding the National Environmental Quality Standards (NEQS) and World Health Organization
(WHO) standards [8]. A physico-chemical study of textile effluents and groundwater samples was
conducted in the textile area near Faisalabad. The results showed that the effluents emitted from the
textile industries have a significant impact on groundwater quality [9].

Textile is the major industry of this area. It consists of 200 different small- and large-scale textile
units. Textile production and processes like spinning, sizing and de-sizing, scouring, bleaching, dyeing,
printing, and finishing are involved in these units. Various toxic chemicals, commonly dyestuff,
auxiliaries’ chemicals like that anti-forming agent, complex compounds, dispersing agents, stabilizers
and many more are used in massive amounts in a different process and produce significant volumes
of toxic wastewater. Such processes contain substantial amounts of sodium (Na+), chloride (Cl−),
total dissolved solids (TDS), sulfate (SO4

2−), sulfides (S2−), high biological oxygen demand (BOD),
and chemical oxygen demand (COD), heavy metals, and various poisonous dyeing ingredients [10].
A high amount of pH, TDS, BOD, COD, sulfate, and chloride contents were found: 9.14 mg/L,
1869 mg/L, 835 mg/L, 1092 mg/L, 557 mg/L, and 432 mg/L, respectively, in various dying wastewater
samples [11]. These effluents are directly disposed to Madhuana wastewater drain (passes through the
center of the city and ends in River Ravi) without any treatment, resulting in the bad groundwater
quality, soil salinity and reduced crop yield [8]. The length of this channel is 62.0 km, and the discharge
rate in the river is 4.05 m3/s [12]. A comprehensive study on wastewater drains (including Madhuana
drain) conducted in this area showed high amounts of BOD, COD, and heavy metals coming from
textile industries and polluting groundwater resources [13].

Under such conditions, the unlined Madhuana drain contains untreated industrial effluents,
which are passing through the agricultural and residential area, polluting the groundwater resources.
In this concern, the present study was conducted to investigate the present groundwater quality
which is becoming deprived with the passage of time. Various hydro-chemical analysis was done to
investigate the groundwater quality. Arc GIS tool was used to draw the spatial distribution and to
check the geoinfluence of groundwater quality from one point to another point in the Khurrianwala
industrial zone, Pakistan.

2. Materials and Methods

2.1. Description of Study Area

The present study was conducted from April to August 2016, (Figure 1) in the region of
Khurrianwala (31.5006◦ N, 73.2667◦ E). It is situated in the center of the lower Rachna doab (in
between the Chenab and Ravi rivers) with a slight slope 0.20 m/km to 0.30 m/km from northeast (NE)
to southwest (SW). The elevation of the study area is 178 m from mean sea level. The topography of the
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area is marked by valleys, local depressions, and relatively high grounds. The semi-arid climate was
found to have high seasonal temperature variations. Summer season spans from April to September,
with a temperature ranging from (12.0 ◦C to 50.0 ◦C) with an average temperature of 31.2 ◦C. The winter
season spans from October to March, with a temperature ranging from −2.00 ◦C to 17.7 ◦C, with an
average temperature of 4.48 ◦C. Rainfall occurs in monsoon season (July and August). The average
annual rainfall is 335 mm recorded based on 32 years’ observation. The study area contains alluvial
plain deposited on semi-consolidated tertiary rocks, or on a basement of metamorphic and igneous
rocks of the Precambrian age and the unconsolidated sediments have a depth of 274 m [14]. It contains
confined aquifer with the water table depth of 22.0 m, whereas the specific yield of such aquifers are
between 0.50 and 5.00, having shale-type formation [14]. Motor pumps and hand pumps are drilled at
a depth of 28.0–30.0 m for the groundwater discharge, whereas the tubewell (dug well) used for crops
irrigation is at a depth of 35.0–38.0 m. These wells are productive wells and their recharge mostly
takes place from ponds, seepage of water courses, unlined canals, irrigation practices and sewerage
system, water supply system. Direct rainfall recharge is small in amount. The area was found to have
a clay loam-type soil infiltration rate of 4.17 mm/4 h, whereas the bulk density of soil is 1.52 g/cm3

and porosity (n) is 1.23. Major crops of this area are cotton, wheat, rice, sugarcane, and maize [15].
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Figure 1. Study area.

2.2. Sampling

Twenty-five different groundwater samples were collected from different locations of the study
area. Fifteen samples of groundwater, including hand pump and motor pump source, were collected
randomly from residential area, industrial sector, and food points, whereas, the remaining ten samples
of tubewell source were collected from the crop fields. For the collection of groundwater samples, the
American Public Health Association (APHA) [16] standard protocol was adopted: run the tap for five
minutes and then collect the groundwater sample from tubewell, motor pumps, and hand pumps.
During the collection of samples, water temperature was recorded by a standard thermometer after
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running the tap, which was found to be in the range of 21.0–25.0 ◦C on sampling time. The samples
were stored in airtight bottles and stored at 4.00 ◦C temperature [17].

2.3. Experimental Methodology

Samples were investigated for quality inspection of physico-chemical parameters.
These parameters have significant influence in the groundwater quality. pH, TDS, dissolved
oxygen (DO), and electrical conductivity (EC) calculated by water quality checker (model no.
TOA-WQA-20A). Turbidity, phosphate, nitrate, sulfate, fluoride, and total phosphorus (TP) calculated
by using UV/VIS spectrophotometer. Flame photometer used for analyzing sodium and potassium.
Ca, Mg, HCO3, CO3, TH and chloride content were calculated by using the titration process (EDTA
trimetric). Sodium adsorption ratio (SAR), residual sodium carbonate (RSC), % ion balance, % Na ion
and water quality index (WQI) were calculated by using the equations listed below. Heavy metals
(Fe, Cr, As, and Zn) were determined by using atomic absorption spectrometer. The protocol for
all parameters followed the same as prescribed in the American Public Health Association (APHA)
manual [16]. A general survey was conducted and a questionnaire about the groundwater and
irrigation water quality was carried out among the people. Furthermore, information about health
diseases was also gathered from the residential area and rural health center (RHC) Khurrianwala.

Water quality index is a parameter which collects the physical, chemical, and biological data and
summarized the results into one score ranging from 0 to 100. In this study, the U.S. National Sanitation
Foundation Water Quality Index (NSFWQI) was adopted [18,19]. WQI is categorized into five different
levels, i.e., excellent (100–91), good (90–71), fair (70–51), poor (50–26), and very poor (25–0). Water
quality index (WQI) can be expressed in mathematical form by using (Equation (5)).

WQI =
n

∑
i=1

Qi Wi (1)

where:

WQI = water quality index;
Qi = subindex for the ith water quality parameter;
Wi = weight associated with the ith water quality parameter; n = number of water quality parameter.

Sulfate ion concentration was calculated by using UV/VIS spectrometer, whereas the atomic
adsorption spectrometer was used for heavy metals (Fe, Cr, As, and Zn). Values of SAR, RSC, and %
error ion balance were calculated (meq/L) by using the formulas described below. The SAR and RSC
are the irrigation water quality parameters and their standards are categorized into three different levels
shown in Table 1 according to the food and agricultural organization (FAO) papers [20]. Percentage
error in ion balance should not be more than 10% for irrigation water purposes [21].

Table 1. Sodium adsorption ratio (SAR) and residual sodium carbonate (RSC) values for irrigation
water quality standards [20].

SAR RSC Remarks (Irrigation Water Quality)

Range (meq/L) Range (meq/L)

<3.00 <1.50 Suitable
3.00–9.00 1.50–7.50 Moderate

>9.00 >7.50 Not suitable

The % error in ion balance, % sodium ion SAR and RSC were calculated by using the
following equations,

% Sodium ion =
Na

Na + Ca + Mg + K
× 100 (2)
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% error (Ion Balance) = ∑(cations)− ∑(anions)
∑(cations) + ∑(anions)

× 100 (3)

SAR =
Na√

Ca + Mg
2

(4)

RSC = (HCO3 + CO3)− (Ca + Mg) (5)

2.4. GIS and Spatial Analysis

Geographic information system (GIS) is a key tool which is used for analyzing the spatial
variability of groundwater samples in the study area. For this purpose, Arc GIS 10 software (ESRI,
Redlands, CA, USA) was used. A global positioning system (GPS) was used to locate the sampling
point of the study area. These points are drawn on GIS by using world geodetic system (WGS-84).
The topographical covering sheet of the study area was scanned and georeferenced by using Universal
Travers Mercator (UTM) projection system. Inverse distance weight (IDW) was used to interpolate the
sampling points [22].

2.5. Statistical Analysis

Partial correlation analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
The results of correlation expressed with a number between 0.00 and 1.00.

3. Results and Discussion

3.1. Drinking Water Quality Analysis

The pH varies from 7.10 to 8.40 (Table 2) with an average value of 7.84 ± 0.31. The distribution of
water samples with regards to the obtained pH values are shown in (Figure 2). The normal range of
pH for drinking water is 6.50 to 8.00, whereas the value less than 6.50 is corrosive and value 8.00 and
above showed the carbonated water [23,24]. Ninety-two percent of samples have a pH value above
7.50, whereas 36.0% of samples exceed the permissible limits of WHO and NEQS. A pH value less
than 6.50 causes corrosiveness in the material when water flows through it, whereas value 8.00 and
above is carbonated groundwater [23]. However, higher pH of drinking water has no direct effect
on the human body, but it alters the various other water quality parameters which have an indirect
impact on human health as well as on the environment [25]. Moreover, the correlation between pH
and water quality was obtained 0.99.

Turbidity ranged from 0.50 to 4.10 with an average value of 2.19 NTU, which is under the
permissible limits of WHO and NEQS standards [26].

The amount of TDS in studied groundwater samples was significantly high. The values varied
from 987 to 2114 mg/L (Table 2). The distribution of measured TDS values in the study area is shown
in Figure 3. These values exceed the permissible limits of WHO and NEQS guidelines [23]. Only a few
groundwater samples were found in an allowable NEQS range (1000 mg/L) [27]. Moreover, TDS level
is also a parameter pointing to salinity level of the water, e.g., TDS < 200 is low salinity; TDS 200–500
average salinity; TDS 500–1500 high salinity and TDS > 1500 very high salinity [28]. The measured
values of total dissolved solids indicate a reduced quality of groundwater and pose a significant
health concern.

Nitrate (NO3) and phosphate (PO4
3−) concentration were found in samples ranging from 21.0 to

69.0 mg/L and 0.17 to 1.02 mg/L, respectively (Table 2). Five samples were found to be exceeding
the WHO and NEQS limits (50.0 mg/L) [23] for nitrates, whereas the phosphate has no permissible
limit. Phosphate and nitrates play their vital role in water pollution [29]. Higher nitrate concentration
leads to the blood disorder called “Methemoglobinemia” which is generally named as “Blue baby
syndrome” [30,31], whereas the low concentration may cause inadequate working of muscles, tissues,
and bones [32].
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Figure 2. Mapping according to the distribution of pH values based on drinking water quality standard.
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Figure 3. Mapping according to the distribution of total dissolved solids (TDS) values based on
drinking water quality standard.
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The dissolved oxygen (DO) value was ranging from 7.00 to 13.0 mg/L (Table 2) with an average
value of 9.92 ± 1.62. Dissolved oxygen is a parameter to be used extensively to calculate the saturation
of oxygen in the water. The higher the concentration up to 13.0–14.0 mg/L of (DO), the better the
water quality of the samples.

Water quality index (WQI) was found ranging from 63.4 to 76.0 (Table 3) with an average value of
69.9. The distribution of WQI samples regarding obtained values is shown in Figure 4. Water quality
index showed medium conditions (50–70%) for 50% of the samples which are closer to the industrial
locality. Remaining samples fall in good condition (70–90%) but in lower ranges of water quality index,
which is 70–75%. Such results showed that polluted groundwater quality is becoming poorer with
the passage of time due to the direct discharge of untreated effluents. Under such conditions, the
groundwater can be used for drinking purposes after treatment processes in the industrial vicinity.
Sand media filtration and chlorination process might be adopted at domestic scale, whereas reverse
osmosis can be used at commercial scale plants. Moreover, the partial correlation of WQI with
temperature, pH, DO, TDS, BOD, nitrates, F-coli, phosphate and turbidity were found to be 0.99,
0.99, 0.99, 0.96, 0.94, 0.93, 0.88, 0.86, and 0.85, respectively. Such correlation results showed the direct
relationship between WQI and parameters [18]. These parameters contain a particular unit weight
value which is used to calculate (WQI) and play a significant role in the groundwater quality [33].
 

2 

 

 

 

Figure 4. Mapping according to the distribution of water quality index (WQI) values based on drinking
water quality standard.
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Table 2. Physico-chemical parameter analysis of groundwater for water quality and irrigation purposes.

Samples Latitude Longitude pH Turbidity TDS (PO4) (NO3) DO F-Coli Na Ca Mg K HCO3 CO3 SO4

Units N E -- NTU mg/L mg/L mg/L % col/100 mL mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 31.49649 73.27959 8.10 4.10 1845 1.02 69.0 09.0 11.0 545 111 98.0 44.0 982 243 350
2 31.48949 73.27823 7.90 3.80 1548 1.00 53.0 08.0 09.0 613 107 78.0 32.0 870 250 323
3 31.49141 73.28613 8.40 4.00 1643 0.67 58.0 09.0 12.0 459 110 88.0 38.0 892 219 340
4 31.45318 73.27089 7.50 1.10 1237 0.18 23.0 12.0 04.0 219 87.0 47.0 77.0 652 120 189
5 31.47354 73.26450 7.70 2.40 1400 0.34 36.0 11.0 06.0 332 98.0 53.0 65.0 760 189 231
6 31.48272 73.28478 7.90 3.70 2114 0.89 47.0 10.0 09.0 498 139 72.0 49.0 834 220 298
7 31.48278 73.29746 8.30 2.90 1821 0.67 42.0 08.0 07.0 471 154 86.0 54.0 897 204 340
8 31.46933 73.29414 7.80 2.70 1404 0.56 32.0 11.0 06.0 387 102 72.0 68.0 724 250 232
9 31.48650 73.31352 7.60 2.00 1612 0.50 35.0 10.0 04.0 299 98.0 55.0 54.0 760 198 248

10 31.46622 73.31588 7.40 0.50 1231 0.12 28.0 12.0 03.0 180 78.4 46.0 89.0 688 102 140
11 31.49982 73.24126 7.90 3.40 1402 0.34 36.0 09.0 07.0 303 76.0 59.0 65.0 698 187 201
12 31.48762 73.29250 8.10 3.30 1689 0.76 43.0 07.0 08.0 681 132 88.0 38.0 850 229 288
13 31.52018 73.25823 8.00 2.10 1312 0.45 38.0 11.0 04.0 432 98.0 54.0 69.0 696 210 265
14 31.51579 73.23220 7.60 0.90 1002 0.23 30.0 11.0 03.0 148 77.0 42.0 112 598 182 178
15 31.48930 73.25206 8.20 1.10 1912 0.76 51.0 09.0 07.0 389 69.0 54.0 45.0 689 170 306
16 31.54017 73.27171 7.20 1.10 1098 0.30 22.0 10.0 02.0 202 89.0 48.0 98.0 602 142 120
17 31.52505 73.28654 7.90 1.90 1208 0.36 31.0 10.0 08.0 321 78.0 56.0 72.0 780 200 268
18 31.50687 73.26046 8.10 2.80 1701 0.71 39.0 09.0 10.0 402 112 66.0 40.0 960 311 298
19 31.49465 73.26387 8.10 2.90 1650 0.59 47.0 09.0 10.0 601 98.0 59.0 37.0 921 308 320
20 31.49805 73.29063 8.00 3.10 1921 0.82 38.0 07.0 08.0 512 124 87.0 47.0 898 248 289
21 31.50936 73.27647 7.90 2.10 1499 0.43 55.0 08.0 11.0 455 106 73.0 47.0 912 198 354
22 31.52488 73.31560 7.70 1.00 1258 0.21 21.0 12.0 02.0 174 78.0 56.0 110 721 210 164
23 31.50230 73.33255 7.70 0.60 987 0.32 26.0 12.0 03.0 190 71.0 60.0 118 597 186 178
24 31.46548 73.23006 7.90 0.45 1308 0.17 24.0 13.0 03.0 121 69.0 57.0 98.0 606 198 156
25 31.51048 73.30060 7.10 0.90 1521 0.38 34.0 11.0 05.0 240 94.0 59.0 78.0 712 210 198

NEQS ---- ---- 6.50–8.00 5.00 1000 ---- 50.0 n/a 0.00 ---- ---- ---- ---- ---- ---- 250
WHO ---- ---- 6.50–8.00 5.00 500 ---- 50.0 ---- 0.00 20.0 ---- ---- ---- n/a ---- 250

NEQS: National Environmental Quality Standards; DO: Dissolved Oxygen.
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Table 3. Physico-chemical parameter analysis of groundwater for water quality and irrigation purposes.

Samples Latitude Longitude Cl F TH EC Fe Cr As Zn TP SAR RSC %Age Ion Bal. % Na WQI

Units N E mg/L mg/L mg/L uS/cm mg/L mg/L ppb mg/L mg/L meq/L meq/L meq/L meq/L

1 31.49649 73.27959 616 1.60 378 2976 5.02 0.80 0.07 0.08 0.33 12.8 10.5 11.8 68.3 65.3
2 31.48949 73.27823 732 1.50 438 2497 3.12 0.92 0.08 0.08 0.33 15.5 10.7 11.9 73.9 63.6
3 31.49141 73.28613 598 1.60 392 2650 4.83 0.65 0.10 0.06 0.22 11.1 9.09 15.2 66.0 63.4
4 31.45318 73.27089 205 0.40 150 1995 0.88 0.23 0.00 0.01 0.06 6.6 6.42 10.5 50.9 74.6
5 31.47354 73.26450 387 0.70 189 2258 2.10 0.43 0.03 0.08 0.11 9.5 9.44 15.1 60.6 72.4
6 31.48272 73.28478 590 0.80 320 3410 3.42 0.52 0.05 0.01 0.29 12.0 8.06 10.0 65.7 67.0
7 31.48278 73.29746 598 0.90 388 2937 2.66 0.87 0.08 0.07 0.22 10.6 6.64 10.6 61.6 65.6
8 31.46933 73.29414 432 1.10 300 2265 1.22 0.25 0.04 0.08 0.18 10.1 9.10 11.3 61.5 70.6
9 31.48650 73.31352 394 0.50 289 2600 1.21 0.42 0.04 0.03 0.16 8.4 9.58 19.4 59.1 72.3

10 31.46622 73.31588 259 0.30 187 1985 0.56 0.12 0.00 0.01 0.04 5.6 6.93 16.4 45.7 74.7
11 31.49982 73.24126 294 0.80 298 2261 2.50 0.19 0.02 0.01 0.11 8.9 8.96 12.3 60.2 70.6
12 31.48762 73.29250 489 1.30 304 2724 3.22 0.74 0.06 0.06 0.25 15.8 7.63 3.70 72.5 64.8
13 31.52018 73.25823 394 0.60 298 2116 2.26 0.43 0.03 0.05 0.15 12.3 9.01 7.81 66.2 71.2
14 31.51579 73.23220 198 0.30 220 1616 1.00 0.24 0.01 0.03 0.07 4.7 8.52 20.3 39.1 74.9
15 31.48930 73.25206 636 1.40 400 3084 2.98 0.43 0.04 0.09 0.25 12.0 9.01 22.6 69.8 66.9
16 31.54017 73.27171 210 0.50 165 1771 1.40 0.76 0.00 0.08 0.10 6.04 6.15 7.65 46.2 76.1
17 31.52505 73.28654 278 0.60 278 1948 2.42 0.26 0.00 0.07 0.12 9.54 10.9 14.8 60.9 72.1
18 31.50687 73.26046 598 0.80 320 2744 3.23 0.44 0.03 0.10 0.23 10.5 15.0 24.8 64.8 68.2
19 31.49465 73.26387 666 1.30 288 2661 1.80 0.86 0.09 0.09 0.19 16.7 15.5 15.8 75.6 67.7
20 31.49805 73.29063 712 1.20 392 3098 2.42 0.58 0.10 0.09 0.27 12.1 9.54 14.1 66.5 63.6
21 31.50936 73.27647 486 1.60 332 2418 2.06 0.94 0.06 0.07 0.14 11.7 10.2 13.7 66.8 67.8
22 31.52488 73.31560 240 0.50 250 2029 0.66 0.32 0.01 0.04 0.07 5.2 10.2 20.9 41.6 75.3
23 31.50230 73.33255 190 0.30 200 1592 1.02 0.32 0.01 0.02 0.10 5.65 7.44 11.6 43.3 73.6
24 31.46548 73.23006 210 0.30 242 2110 0.98 0.28 0.00 0.01 0.06 3.67 8.33 23.3 35.1 73.6
25 31.51048 73.30060 254 0.60 288 2453 1.50 0.42 0.04 0.04 0.12 6.73 9.06 15.2 50.9 72.4

NEQS ---- ---- 250 1.50 <300 ---- ---- 0.10 0.05 5.00 ----
Table 1 Table 1 <10.0 Table 7 NSFWQIWHO ---- ---- 250 1.50 <300 ---- 0.30 0.05 0.01 3.00 ----

Table 7 described (Na %) guidelines for quality analysis. NSFWQI, National Sanitation Foundation Water Quality Index.



Water 2018, 10, 1321 10 of 21

3.2. Bacterial Activity

Groundwater samples are subjected to analyze the F-coli for detection of bacterial activity.
The groundwater samples result for F-coli were ranging from 2.00 to 12.0 colonies/100 mL (Table 2)
with an average value of 6.48 ± 2.00, which is dangerous to the health problems of human beings.
The presence of F-coli in water samples is an indicator of bacterial activity and pathogens in the
groundwater [34]. F-coli has direct effects on pH balance and oxygen level in water resources. It also
produces the bad odor in water. According to the NEQS and WHO guidelines (0.00 colonies/100 mL),
no sample was found in a permissible range. Such conditions lead to serious health issues, likewise
gastrointestinal, flue, and hepatitis. It may also effect the eyesight of the human body. Chlorination
and usage of boiled water can reduce the bacterial activity. Moreover, biofilters are being used for the
removal of bacterial activity [35].

3.3. Cations and Anions

Cations and anions were calculated in groundwater samples. The cations sodium (Na), calcium
(Ca), magnesium (Mg), and potassium (K) were ranging from 121 to 681 mg/L, 69.0 to 154 mg/L, 42.0 to
98.0 mg/L, and 32.0 to 118 mg/L, respectively, whereas the anions bicarbonates (HCO3), carbonates
(CO3), sulfate (SO4), chlorides (Cl), and fluorides (F) were found in the range of 597 to 982 mg/L, 102 to
311 mg/L, 120 to 354 mg/L, 190 to 732 mg/L, and 0.30 to 1.60 mg/L, respectively. Sodium sulfate,
monosodium, and disodium phosphate extensively used in different dyeing and bleaching processes
in the textile industry, and ions in the form of effluents are washed out. The higher value of (Na) and
(Ca) may be due to the saturation of sewage wastewater or surface water effluents to the groundwater
resources in the form of dissolved salts [36]. Sodium (Na) and chloride (Cl) have a vital role in the
human body. They affect the physiological and metabolism process. Higher concentration of both ions
may cause high blood pressure [37]. Potassium (K) is an impotent mineral for living organisms. It is
necessary for plants, humans and animals as well. The amount of (K) in the human body is 110 to
140 g [38]. Potassium deficiency in the human body may affect the heartbeat disorder and muscles
weakness, whereas a high amount may affect homeostatic mechanism [32]. Excessive fluoride (F)
contents leads to dental problems. The bicarbonate and carbonate produce the acidity in the human
body; however, they have no permissible limit according to the WHO and NEQS guidelines, but the
amount should not be more than 500 mg/L [32].

The cations and anions were present in the water and correlation among them are shown in Table 4.
According to the correlation results, the cations and anions may be found in the form of Mg-Ca(HCO3),
MgSO4, NaCl, and CaSO4, which leads to hard and saline water. Correlation results showed the
strong bonding between cations and anions. The strong interaction found between magnesium (Mg)
and bicarbonate (HCO3) is 98.9% whereas, the weak bonding was found between potassium (K) and
chloride (Cl), 73.38%.

Table 4. Correlation results of cations with anions.

Na Ca Mg K

HCO3 0.95 0.98 0.98 0.87
CO3 0.95 0.97 0.97 0.86
Cl 0.98 0.95 0.95 0.73

SO4 0.97 0.97 0.98 0.81

Water hardness regarding total hardness (TH) was found in the range of 150 to 438 mg/L
as CaCO3 (Table 3) with an average value of 292 mg/L. The water sample distribution regarding
the obtained values of (TH) is shown in Figure 5. Distribution of the GIS mapping is according
to the soft water (0–75), medium–hard water (75–150), hard water (150–300) and very hard water
(>300). According to [23], the total hardness exceeds the limits from the 200 mg/L; it produces
scaling. The water hardness is commonly due to the presence of cations and anions. Most effective
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cations are calcium and magnesium, whereas anions are carbonate, bicarbonate, sulfate, and chlorides.
Water hardness is evident of their role in heart disease [39]. The excessive use of hard water in
industrial machinery produced hard scaling and corrosion, ultimately resulting in the system being
choked. Furthermore, in domestic usage, it affects the quality of washing products, i.e., soap and
detergent have bad washing quality [24,40].

 

2 

 

 

 

Figure 5. Mapping according to the distribution of total hardness (TH) values based on drinking water
quality standard.

3.4. Irrigation Water Quality Analysis

A triliner piper plot commonly termed as tannery plot was drawn to investigate the
hydro-chemical properties of cations and anions shown in Figure 6, which shows the strong relationship
between the cations and anions [41]. The results showed that the most dominant cation is (Na + K)
and the anion is (HCO3). According to the piper plot diagram, the mixed type of water is found
in the study area. Whereas, on the basis of dominant cations and anion, trend of water type was
NaHCO3 > Ca-Mg(HCO3)2 [42]. Piper plot was distributed in different categories to understand the
hydro-chemical facies [33,43], which are presented in Table 5.

The Agricultural Department of US Salinity Laboratory conducts different analyses and approved
specific techniques for the suitability of irrigation water [44]. Analysis of electrical conductivity (EC),
sodium percentage (% Na), sodium adsorption ratio (SAR), residual sodium carbonate (RSC), and
% error of ion balance was performed regarding irrigation water quality. The values of SAR, RSC,
sodium percentage (% Na) and percentage of ion balance were calculated using Table 6.
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Table 5. Hydro-chemical facies on the basis of piper plot.

Triangle Diamond

Water Class Remarks Water Class Remarks

A Calcium type 5 Mg(HCO3)2 type
B No Dominant type 6 CaCl2 type
C Magnesium type 7 NaCl type
D Na + K type 8 NaHCO3 type
E Bicarbonate type 9 Mixed Type
F Sulphate type 1 = 5 + 9 + 6 Alkaline earths exceed alkalies
G Chloride type 2 = 7 + 9 + 8 Alkalies exceed alkaline earths

3 = 5 + 9 + 8 Weak acids exceed strong acids
4 = 7 + 9 + 6 Strong acids exceed weak acids

The results of EC and sodium percentage were found in the range of 1591 to 3409 µS/cm and
35.0 to 75.6% respectively, presented in (Table 3). The distribution of water sample regarding EC
values is shown in Figure 7. Wilcox [44] had classified the irrigation standard (Table 7) using electrical
conductivity (EC) and sodium percentage as the high EC value; it shows the higher accumulation
of salts in water samples [40,45]. The higher values of electrical conductivity (EC) were found due
to the contamination of textile sewage effluents; these results are identical to the findings of [36,46].
Sodium percentage (Na %) determines the sodium ratio to total cations as mentioned in Equation (2).
The results of Na % indicated that nine water samples for irrigation purposes are suitable and the
remaining are doubtful. Sodium plays a dynamic role in the soil and reduces the aeration process [47].
Combination of (Na) with carbonate (CO3

2−) and chloride (Cl) forms alkaline soils and saline soils,
respectively, and neither of these are suitable for plant growth [48]. Results are identical to the findings
of Sadashivaiah [43].
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Table 6. Cations and anions for the calculation of piper plot and % error of ion balance.

Samples Latitude Longitude
Cations Anions

Na Ca Mg K HCO3 CO3 SO4 Cl F

N E meq/L meq/L meq/L meq/L meq/L meq/L meq/L meq/L meq/L

1 31.4965 73.2796 23.70 5.55 8.17 1.13 16.10 8.10 7.29 17.35 0.084
2 31.4895 73.2782 26.65 5.35 6.50 0.82 14.26 8.33 6.73 20.62 0.079
3 31.4914 73.2861 19.96 5.50 7.33 0.97 14.62 7.30 7.08 16.85 0.084
4 31.4532 73.2709 9.52 4.35 3.92 1.97 10.69 4.00 3.94 5.77 0.042
5 31.4735 73.2645 14.43 4.90 4.42 1.67 12.46 6.30 4.81 10.90 0.063
6 31.4827 73.2848 21.65 6.95 6.00 1.26 13.67 7.33 6.21 16.62 0.042
7 31.4828 73.2975 20.48 7.70 7.17 1.38 14.70 6.80 7.08 16.85 0.047
8 31.4693 73.2941 16.83 5.10 6.00 1.74 11.87 8.33 4.83 12.17 0.058
9 31.4865 73.3135 13.00 4.90 4.58 1.38 12.46 6.60 5.17 11.10 0.026
10 31.4662 73.3159 7.83 3.92 3.83 2.28 11.28 3.40 2.92 7.30 0.016
11 31.4998 73.2413 13.17 3.80 4.92 1.67 11.44 6.23 4.19 8.28 0.042
12 31.4876 73.2925 29.61 6.60 7.33 0.97 13.93 7.63 6.00 13.77 0.068
13 31.5202 73.2582 18.78 4.90 4.50 1.77 11.41 7.00 5.52 11.10 0.032
14 31.5158 73.2322 6.43 3.85 3.50 2.87 9.80 6.07 3.71 5.58 0.037
15 31.4893 73.2521 16.91 3.45 4.50 1.15 11.30 5.67 6.38 17.92 0.074
16 31.5402 73.2717 8.78 4.45 4.00 2.51 9.87 4.73 2.50 5.92 0.032
17 31.5251 73.2865 13.96 3.90 4.67 1.85 12.79 6.67 5.58 7.83 0.058
18 31.5069 73.2605 17.48 5.60 5.50 1.03 15.74 10.37 6.21 16.85 0.089
19 31.4946 73.2639 26.13 4.90 4.92 0.95 15.10 10.27 6.67 18.76 0.079
20 31.4981 73.2906 22.26 6.20 7.25 1.21 14.72 8.27 6.02 20.06 0.079
21 31.5094 73.2765 19.78 5.30 6.08 1.21 14.95 6.60 7.38 13.69 0.084
22 31.5249 73.3156 7.57 3.90 4.67 2.82 11.82 7.00 3.42 6.76 0.026
23 31.5023 73.3326 8.26 3.55 5.00 3.03 9.79 6.20 3.71 5.35 0.016
24 31.4655 73.2301 5.26 3.45 4.75 2.51 9.93 6.60 3.25 5.92 0.016
25 31.5105 73.3006 10.43 4.70 4.92 2.00 11.67 7.00 4.13 7.15 0.032

 

3 

 

 

Figure 7. Mapping according to the distribution of electrical conductivity (EC) values based on drinking
water quality standards and irrigation water quality standards.
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Table 7. Analysis of (EC) and (Na %) on the basis of water class [44].

EC Na %

Range Water Class No. of Samples Range Water Class No. of Samples

<250 Low saline – <20 Excellent –
250–750 Medium saline – 20–40 Good 2

750–2250 High saline 15 40–60 Permissible 7
2250–5000 Very high saline 10 60–80 Doubtful 17

80> Unsuitable –

The % error in ion balance was calculated using Equation (3), the values are ranging from 3.70 to
24.8% (Table 3) with an average value of 14.4 ± 3.70%. The % error in ion balance should be less than
10% for safe irrigation water, the higher values (>10%) pose that the higher contribution of ions and it
causes salinity in soil; only three samples were found within the permissible range [21].

Eaton has recommended the irrigation standards by SAR and RSC [49]. SAR and RSC were
measured using Equations (4) and (5), values of SAR and RSC ranging from 3.67 to 16.6 and 6.15 to
15.5 meq/L, respectively, as shown in (Table 3). The SAR and RSC distribution of water sample values
are shown in Figures 8 and 9 respectively; results represent that industrial activities have a significant
impact on each point corresponding to the distance. According to FAO guidelines (Table 1), ten samples
of SAR and three samples of RSC were within allowable limits. The salinity and toxicity were measured
for groundwater suitability for irrigation purposes [24,50]; in this concern, SAR was regarded as a
major irrigation water quality parameter [51]. SAR measures the relative proportion between sodium
ion to calcium and magnesium ion and have a direct relationship with sodium adsorption by soil.
In the soil system, calcium and magnesium do not pose equally but form an equilibrium with each
other. When water is more saline, magnesium starts damaging the soil structure and high sodium
absorption, causing the formation of alkaline soil, which reduces the soil permeability [33,52].

 

3 

 

 

Figure 8. Mapping according to the distribution of SAR values based on irrigation water
quality standards.
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Figure 9. Mapping according to the distribution of RSC values based on irrigation water
quality standards.

The correlation values between the irrigation water quality parameters are shown in Table 8.
The high correlation found between (Na+) and (EC) 0.99 indicates significant concentration of salts
in groundwater resources. The high correlation value between the sodium ion (Na+) and sodium
adsorption ratio (SAR) 0.98 is evident of their direct relationship [53]. Results concluded that the
salinity was found in groundwater across the industrial vicinity and not suitable for irrigation without
prior treatment.

Table 8. Correlation between irrigation water quality parameters.

Na EC RSC

EC 0.99
RSC 0.97 0.96
SAR 0.98 0.96 0.95

3.5. Heavy Metal Analysis

The analysis was performed for heavy metals and values were ranging for iron (Fe) 0.56 to
5.02 mg/L, chromium (Cr) 0.12 to 0.94 mg/L, arsenic (As) 0.00 to 0.10 ppb, and zinc (Zn) 0.01 to
0.10 mg/L (Table 3) with average values of 2.18 ± 1.17 mg/L, 0.50 ± 0.24 mg/L, 0.04 ± 0.03 ppb, and
0.05 ± 0.03 mg/L, respectively [22,54]. The water sample distribution in regard of obtained values of
Fe, Cr, As, and Zn are shown in Figure 10. According to the NEQS and WHO guidelines [23,27], the
results were high for iron and chromium. The arsenic was within permissible limits according to the
NEQS guideline (0.05 ppb) for most of the samples but exceeds the WHO standards (0.01 ppb) [23,27].
The values of zinc were found in the acceptable range. Textile industries are using various heavy
metals with different proportions in dying and printing media, which are released in the form of
effluents after digestion in extensive amounts [55]. Fe is extensively used as a dye-modifying agent in
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textile units, and lead chromate Pb(CrO4) is used as a yellow pigment in the fibers’ dying process [56].
The high concentration of Fe, Cr, and As causes serious health issues and environmental risks [57].
Zinc has few adverse effects and was found within allowable limits according to NEQS (5.00 mg/L)
and WHO (3.00 mg/L) guidelines.
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3.6. General Survey

A general survey was conducted and the questionnaire was carried out randomly among people
of the study area about the groundwater quality and irrigation water. The people are not generally
satisfied with the drinking water quality of the area. They found sourness in the taste of groundwater.
When the information was gathered from the rural community of the area for irrigation of groundwater,
it was found that soil is not absorbing groundwater and they found hardness in the soil. The crop
yield is also not very high. Health issues are very common the study area. according to the rural
health center (RHC) information, blood pressure and seasonal flu were commonly found among the
people. Furthermore, gastrointestinal, heart diseases, common water diseases like diarrhea, hepatitis,
malaria were also found among the community. Such conditions described the serious health and
environmental issues in the study area.

4. Conclusions

Water quality index showed that currently groundwater can be used for drinking purposes after
treatment process, but the situation has become worse with the passage of time. High sodium ion and
bicarbonate ion concentration are affecting the groundwater quality and causing environmental risks.
Bacterial activity was found in samples which is the cause of severe diseases like Cholera, Typhoid,
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Hepatitis A & E, and Diarrhea. However, groundwater can be used for irrigation purposes as the SAR
values indicate that the water quality is moderately fit for irrigation but over time, was prolonging
water quality as it becomes depraved due to the emission of untreated effluents. The mixed type of
water was found in the study area, whereas the trend of groundwater was NaHCO3 > Ca-Mg(HCO3)2.
Heavy metals concentration also found in water samples as trace elements. Iron (Fe), chromium (Cr),
and arsenic (As) lead the issues of health in the human body and soil as well. The GIS interpolation
using inverse distance weight (IDW) was measured such that each point has a local influence that
diminishes with the distance. Thus, in the results, the points near the industrial area give high weight,
and the points far away provide low weight, which showed a substandard situation adjoining the
textile units. Results are also evident that the textile units are discharging their effluents in substantial
quantity directly into the Madhuana drain and depleting the groundwater resources throughout the
area. Such alarming situations have direct and indirect influence on the environment and engender
health issues.

5. Recommendations

Groundwater can be used for drinking purposes after the treatment process. Use of boiled water
kills the bacterial activity and reduced pathogens. Installation of small-scale filtration plants and
chlorination process can be done in houses. Reverse osmosis (R/O) plants can be used at a commercial
level in the industrial vicinity for the measure of safe drinking water. For irrigation purposes,
groundwater might be used with the mixing of canal water to reduce the hardness of groundwater.
Gypsum may be used as a softener for irrigation. It is recommended that the environmental protection
agencies should make policies for better drinking water quality and take serious action against the
industries which are discharging their wastewater effluents without proper treatment. Furthermore,
studies are required to be conducted for the characterizing of effluents emitted by the industries and
for their reclamation.
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Abbreviations

APHA American public health association
As Arsenic
B.P. Blood pressure
BOD Biological oxygen demand
Ca Calcium
Cl Chloride
CO3 Carbonate
COD Chemical oxygen demand
Cr Chromium
DO Dissolved oxygen
EDTA Ethylenediaminetetraacetic acid
EC Electrical conductivity
F Fluoride
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F. coli Facial coliform
FAO Food and agriculture organization
Fe Iron
GDP Gross domestic product
GIS Geographic information system
GPS Global positioning system
HCO3 Bi-carbonate
IDW Inverse distance weighted
K Potassium
Mg Magnesium
n Number of water quality parameter
Na Sodium
NEQS National environmental quality standards
US-NSFWQI United States—National Sanitation Foundation Water Quality Index
NO3 Nitrate
◦C Degree Celsius
PO4 Phosphate
Qi Sub index for ith water quality parameter
RHC Rural health center
R/O Reverse osmosis
RSC Residual sodium carbonate
SAR Sodium adsorption ratio
SO4 Sulfate
TDS Total dissolved solids
TH Total hardness
TP Total phosphorus
UTM Universal transverse mercator
UV/Vis Ultraviolet–visible
WGS-84 World geodetic system—1984
WHO World Health Organization
Wi Weight associated with ith water quality parameter
WQI Water quality index
Zn Zinc
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