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Abstract 9 

The present report deals with the analysis of emerging contaminants and the quality of 10 

drinking and underground water supply in Chandigarh, India. A water sampling monitoring 11 

and analysis was conducted by collecting a total of 54 samples of underground & drinking 12 

water of Chandigarh to analyse the health risk associated with the spread of emerging 13 

contaminants in the water sources. The quality of water samples was also assessed by 14 

measuring the colour, odour, temperature, pH, electrical conductivity (EC), biological oxygen 15 

demand (BOD), dissolved oxygen (DO), total dissolved solids/ salts (TDS) and hardness. For 16 

the estimation of   the emerging contaminants (Endosulphan (ES) and Hexachlorohexane 17 

(HCH)) in the water samples, an extraction procedure was carried out by dispersive liquid-18 

liquid extraction method followed by analysis using gas chromatography-mass spectrometry 19 

(GC-MS). The levels of ES and HCH obtained were compared with the drinking water 20 

standards of the Bureau of Indian Standards (IS: 10500). The levels of HCH and ES in all the 21 

water samples tested were found to be below the detection limit. It cannot be denied that the 22 

industrial discharge and other agencies seems to be complying with the regulations. The 23 

Initiatives by the Central and State Govt of India seems to have created sensitivity and 24 

awareness among the public specifically among the farmers. The limit of detection (LOD) were 25 

1.0 ×10-3 and 2.4 ×10-3 ppm for ES and, HCH respectively. However, some water pollution 26 
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indicators such as TDS, EC, DO and total hardness were found to exceed the limits specified 27 

by the Bureau of Indian Standards (BIS). 28 
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1. Introduction 52 

The global population of the world is expected to exceed 9.8 billion by 2050 [1]. The 53 

rapid population growth is expected to have associated impacts such as increased demand for 54 

food, water and other basic needs. This, in turn, will put more pressure on the agricultural sector 55 

for increased production of food creating added stress on resources such as water and fuels etc. 56 

[2]. About 70 % of the world’s accessible freshwater is used for agriculture [3]. However, the 57 

decreasing availability of drinking water makes it a valuable asset which should be used 58 

sensibly. Water pollution pressures brought about by activities such as industrial discharge, 59 

agricultural run offs, mining, and sewage disposal, have resulted in the contamination of both 60 

surface and underground water resources. Conventionally, groundwater was assumed to be the 61 

most unspoiled, cleaner and pristine source of water compared to surface water supply. 62 

However, in the past decades, the problems of ground water contamination and pollution are 63 

widespread globally [4] and developing countries are most affected in particular [5]. To 64 

overcome this global issue, promising development on waste-water remediation techniques 65 

based on different mechanisms such as organic ligand-based metal ion chelation [6], molecular 66 

organic frameworks (MOFs) [7], nanomaterials [8], transformation of waste to useful materials 67 

[9,10] etc. have been made and can be found in the literature. 68 

India is one of the affected developing countries with 17% of the world’s population 69 

and 4% of the world’s freshwater resources ranking it among the top ten water-rich countries 70 

[11,12]. However, India is the third most polluted nation in the world and is currently 71 

designated as water-stressed by the intergovernmental panel on climate change (IPCC) with 72 

current utilizable freshwater much lower than international standards. Heavy dependence on 73 

groundwater, years of limited rains and disproportionate demand for water due to rapid 74 

population increase, urbanization and industrialization have put considerable stress on water 75 

management [13,14]. Eighty percent of India’s drinking water comes from groundwater, a 76 
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resource that is depleting and continuously being compromised by large scale discharge of 77 

industrial and agricultural effluents, primarily emerging contaminants and toxic metals (Water 78 

Aid Assessment, 2017) [15]. Emerging contaminants are naturally occurring or synthetic 79 

chemicals which needs to be monitored and regulated in the environment. These contaminants 80 

include pharmaceuticals, pesticides, metals, surfactants, industrial effluents, and solvents [16]. 81 

Three EU-listed priority ‘emerging contaminants’ (Dichlorodiphenyltrichloroethane (DDT), 82 

Endosulphan (ES) and hexachlorocyclohexane (HCH)), represent more than 67% of the total 83 

pesticide used in India and their presence in water is causing the spread of antibiotic 84 

ingredients, enabling bacteria to develop immunity to antibiotics, and creating superbugs [17].  85 

Pesticides are the chemicals used directly or as mixtures in some solvents to prevent, 86 

fight and kill weeds, pests, fungi, and rodents [18]. The transfer of these harmful chemicals 87 

from the site of the application by runoff leads to bioaccumulation in living beings. About 3% 88 

of the total consumption of pesticides in the world is in the India. The contamination of surface 89 

and groundwater due to excessive use of pesticides is a serious threat to the environment and 90 

living beings [12].   91 

The use of pesticides is highest in the Indian states of Maharashtra, Uttar Pradesh 92 

followed by Haryana and Punjab. In 2016-17, a significantly increased consumption was 93 

recorded in Maharashtra and Uttar Pradesh, while it declined in Punjab and Haryana [11]. In a 94 

report by Centre for Science and Environment, the packaged bottles of water samples of about 95 

17 different brands in the Delhi region were analysed for 12 organochlorines and 8 96 

organophosphorus pesticides. Among the organochlorines, 94% of all the samples were 97 

detected with γ-isomer of HCH (Lindane). 70.6 % of the samples were found to contain DDT. 98 

The reason was found to be the water supply to Delhi which is majorly from the river Yamuna, 99 

one amongst the most polluted rivers in India. Industrial and domestic waste from the city gets 100 

deposited along the bank which was the major contributor to pollution [19].  101 
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According to a report by Mittal et al. [20], the advent of the Green Revolution in 1965 102 

witnessed a tremendous increase in agricultural productivity. This Green Revolution filled the 103 

bread bags with increased production of food and crops such as pulses, wheat, sugarcane, 104 

cotton, etc. The revolution was based on the introduction of new and chemical fertilizers, 105 

pesticides and high yielding seed varieties. Punjab was the hub of this revolution as it made the 106 

farmers of Punjab self-sufficient and removed their dependency over other states. However, 107 

due to excessive usage of pesticides, the Malwa region in the state of Punjab has recorded in 108 

recent times a large number of cancer and reproductive disorder cases. The environmental, 109 

occupational and social factors were found to be responsible for such a high pesticide 110 

consumption.  111 

The capital city of Punjab and Haryana is Chandigarh which is known for its well-112 

managed, planned infrastructure and architecture in addition to its cleanliness, water supply, 113 

electricity, transport, and sanitation facilities. When the ‘City Beautiful’ Chandigarh was 114 

planned, the availability of e subsoil water was adequate to meet the city’s requirements. As 115 

the population of the city increased, the tube wells dried up   and surface water from Bhakra 116 

dam main line was deployed to meet the city’s water supply requirements. The supply of water 117 

to the city of Chandigarh comes from two sources: (i) Surface water from Bhakra Main Canal 118 

tapped at Kajauli (27 km from Chandigarh) (ii) Underground water pumped through deep bore 119 

tube wells [21]. Despite the progressive developments, there are villages and rural areas 120 

surrounding Chandigarh which lie close to the municipal domestic waste dumping ground and 121 

industrial site whose activities usually lead to contamination of the water supply. In addition, 122 

the nearby areas lying within 14-20 km of Chandigarh are fields where cultivation of various 123 

crops is practiced by farmers. According to Mahajan et al. [22] and Puri et al. [23], many cases 124 

of gastroenteritis were reported because of the contaminated water supply in January 2017. It 125 

was identified in the study that mixing of the drinking water with sewage leakage from pipes 126 
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was the chief reason for the contamination and disease outbreak. The quality of groundwater 127 

in the Chandigarh which is the major source of freshwater is susceptible to deterioration due to 128 

primitive dumping practices, agricultural activities and rapid industrialization. The nearby 129 

states of Chandigarh, i.e. Haryana, Punjab and Delhi have also reported poor quality of 130 

groundwater. A comprehensive analysis of the Chandigarh’s underground and drinking water 131 

has been performed. The main objectives of the investigation were to assess the quality of water 132 

and monitor the levels of ES & HCH in the drinking and underground water samples of 133 

Chandigarh and nearby region. To our knowledge, no report on the physio-chemical analysis 134 

and monitoring of emerging contaminants, ES and HCH in the drinking and groundwater of 135 

the Chandigarh has been carried out.  However, the reports on examination of physiochemical 136 

parameters of the drinking water in the neighbouring cities of Chandigarh are available in 137 

literature [24-29]. In this study, an investigation of the levels of emerging contaminants and 138 

physiochemical parameters has been carried out and interpreted as pollutant pressures.  139 

2. Materials and Methods 140 

2.1. Study area   141 

Chandigarh is located at the foot of the Himalayan range. The city beautiful, 142 

Chandigarh is fast emerging as one of the most advanced cities in India. It is spread over 114 143 

sq. km, located at Shivalik Foot Hills, surrounded by Patiala ki Rao on the northwest and 144 

Sukhna Choe on Northeast. The layout plan of the Chandigarh is as shown in figure 1. 145 



 7 

 146 

Figure 1. Location of the Chandigarh in map of the India 147 

The climate of the Chandigarh is sub-tropical with hot summer and cold winter except 148 

during the monsoon when the moist air of oceanic origin reaches the areas. The annual rainfall 149 

of the Chandigarh is 1061 mm, which is unevenly distributed over the area in 49 days. The 150 

southwest monsoon from the last week of June and withdraws at the end of September and 151 

contributes 80% of the annual rainfall.  152 

The city has been divided into 6 zones for water supply. Each of these zones is supplied 153 

water through independent water works. The Mother water works is Water Works, Sector 39, 154 

Chandigarh which receives water from Kajauli and various tube wells. At the water works-39, 155 

the canal water received is treated at the water treatment plan. The raw water from Kajauli, 156 

Punjab is transmitted through the main transmission to the water treatment plant in Sector-39. 157 

The water is then treated, disinfected and stored which is further pumped to five different 158 

waterworks. These waterworks further pump the water to the Chandigarh’s water distribution 159 

system [30].  160 
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2.2. Sample Collection 161 

The sample collection was done during the months of February to June 2019. 1L amber-162 

coloured glass bottles with polytetrafluoroethylene lined screw caps were used for sampling. 163 

The sample bottles were rinsed with deionized water and sterilized in hot air oven at 170 °C 164 

for 1h. Once sterilized, the bottles were allowed to be cooled. A total of 54 samples were 165 

collected (Figure 2). The specific sample point for tap and underground water is shown in 166 

figure S1. Tables S1 and S2 represent the location of the sample in terms of Longitude and 167 

Latitude and allotted sample IDs for tap and groundwater samples, respectively.  168 

2.2.1. Sampling from a tap 169 

To draw a sample from the tap, both the tap and its outlet was cleaned with a clean cloth. The 170 

tap was opened until it reached its maximum rate of flow. After, the water flow for 1-2 minutes 171 

to clear the service line, tap was closed. After sterilization, the tap was opened again, this time 172 

allowing the water to flow for 1-2 minutes at a normal rate. Immediately, the sterilized bottle 173 

was held under the water jet and filled up to the shoulder leaving the space in the bottle for 174 

shaking to be easier before the analysis. Securely labelled the bottle with, sample location, date, 175 

time and sample ID. The bottle was placed into transport box and returned to the laboratory 176 

within 24 h.  177 

 178 

Figure 2.  Location of all the sampling points of the study area 179 
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2.2.2.  Sampling from hand pumps, tube wells and borewells fitted with a pump: 180 

To collect samples from hand pumps, the pump was operated for at least 20 minutes. Cleaned 181 

the mouth of the pump thoroughly and using the same process described for tap, sterilized for 182 

a minute with the flame. The pump was operated for further 2 minutes and the sample was 183 

taken from the pump.  184 

2.2.3.  Sample transportation:  185 

The water samples were chilled and made sure that the temperature did not cross 10 ⁰ C. After 186 

being transported, the samples were immediately shifted to the refrigerator until the extraction. 187 

Water samples were extracted within 24 h of the collection and the extracts were then stored 188 

in amber glass vials before the analysis using GC-MS. The EPA recommendations were 189 

followed to preserve the samples for various measurements (Table S3) 190 

2.3.Reagents and standards 191 

The standard reference samples of the pesticide ES and HCH were obtained from Sigma-192 

Aldrich and were of high purity grade. The choice of pesticides for the study was based on the 193 

statistics of the consumption of pesticides in India. The specifications of the target pesticides 194 

are tabulated in Table S4. All the solvents used, including dichloromethane (DCM), hexane, 195 

and ethanol were of analytical grade and were procured from Avra synthesis Pvt. Ltd. To carry 196 

out calibration studies, solutions of ES and HCH with concentrations 5.0×10-2 ppm, 5.0×10-3 197 

and 5.0×10-4 ppm were prepared by appropriate dilutions of the standard stock solution. 198 

Aqueous solutions of standards were prepared by spiking a fixed amount of the working 199 

standard. The extraction of the standard solutions was carried out using liquid-liquid extraction 200 

procedure, analysed using GC-MS and the recovery % was noted. 201 
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2.4. Instrumentation 202 

The analysis was carried out with Thermo Scientific Trace 1300 GC coupled with 203 

Thermo TSQ 800 Triple Quadrupole MS. The specifications of the GC-MS instrument used 204 

for the studies have been given in Table 1. The temperature was measured using well calibrated 205 

digital thermometer. Pico Lab India digital conductivity meter was employed for electrical 206 

conductivity meter. The conductivity meter was calibrated using a saturated KCl (0.01M) 207 

solution and the temperature was adjusted to 25 °C.  208 

Table 1. Specifications of GC-MS Instrument employed for the studies 209 

Item Condition 

GC Make-Thermo Scientific 

Model- Trace 1300GC coupled with Thermo TSQ 

800 Triple Quadrupole MS 

Detector BP 5MS 

Column BP 5MS (30 m × 0.25 mm × 0.25 µm) 

Pesticide Organochlorines 

Injection Volume 1.0 µL 

Injector Temperature 260 °C 

Carrier gas/ flow rate Helium gas/ 1.2 mL/min 

Oven Programming Initial Temp 100 °C Hold Time: 1.0 min 

  Temp1: 280 °C Hold Time: 13.0 min Rate 15 

°C/min 

Total run time 26 min 

2.5. Methods  210 

The on-site analysis of samples was done to note down the colour, odour, pH, and temperature. 211 

Rest of the parameters were recorded in the lab.  212 
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2.5.1.  Colour and Odour 213 

The colour of the water sample was noted down by direct observation without any filtration or 214 

centrifugation. Only simple visual comparison method was used for colour measurements. It 215 

is known that most of the organic and inorganic substances exhibit a characteristic odour. So, 216 

all the samples were directly observed for the odour. 217 

2.5.2. Temperature 218 

The behavioural characteristics of the aquatic organisms, solubility of salts, etc. are dependent 219 

on the temperature. The temperature was noted down with the help of a digital thermometer by 220 

immersing it in the water body and allowing sufficient time to get a constant reading. 221 

2.5.3.  pH 222 

The pH of water is an index to signify the basicity/acidity of the water sample. The value of 223 

any sample may vary in the laboratory and it may not be the same as on the sample site because 224 

of the loss or absorption of any gases, sediments, etc. So, the pH value was taken at the time of 225 

sample collection. A 100 mL of sample was taken in a beaker and the pH was noted. Before 226 

making another measurement, the electrode was rinsed twice. This procedure was repeated 227 

thrice to get reliable value. 228 

2.5.4. Total Dissolved Salts (TDS) 229 

The presence of carbonates, hydrogen carbonates, chlorides, nitrates, sulphates of calcium, 230 

magnesium, sodium, potassium and organic material contributes to TDS. The higher value of 231 

TDS is indicative of the non-potability of the water for drinking purposes.  232 

2.5.5. Electrical Conductivity (EC) 233 

The electrical conductivity of the water is representative of the amount of salts present in it. 234 

The high value of the electrical conductivity indicates the presence of the high amount of the 235 
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dissolved salts in the water sample. It is the measure of the ability of an aqueous solution to 236 

conduct electricity. A 100 mL of the water sample was analysed by immersing the cell into the 237 

sample. The cell was washed thoroughly with distilled before and after the measurement. 238 

2.5.6. Biological Oxygen Demand (BOD) 239 

The BOD determines the amount of dissolved oxygen required for the organic break down of 240 

the organic material by the aerobic organisms. The water sample to be analysed were made 241 

sure to be free from chlorine, pH to be in the range of 6.5-7.5 and to have adequate amount of 242 

microbiological population.  243 

Specialized barcoded, sequentially numbered, borosilicate glass and chemical resistant 300 mL 244 

BOD bottles with no air space were used. One bottle with dilution water as blank was also 245 

analysed. The DO was evaluated by using Winkler’s procedure (titration method). Each bottle 246 

was then kept in dark incubator for 5 days at 20 °C. After 5 days the DO reading was again 247 

noted. To measure the BOD value of the water sample collected, the constant temperature was 248 

maintained (20 ± 1°C) in the chamber. The dilution water was aerated followed by the addition 249 

of potassium phosphate, magnesium sulphate, calcium chloride and ferric chloride per 1 L of 250 

dilution water to saturate the water with oxygen. The dilution water was placed in a constant 251 

temperature chamber to maintain the temperature of 20 °C until the analysis and sample 252 

dilution begun. A similar procedure was followed for the environmental sample. The sample 253 

container was then placed in the temperature chamber and aerated for about 15 minutes. 254 

Different dilutions of the sample were prepared and analysed. The sealed BOD bottles 255 

containing samples were kept in the incubator for about 5 days at 20 ± 1°C for 5 days. 3 BOD 256 

bottles per sample were used.  257 
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2.5.7. Total Hardness (EDTA Method) 258 

Ca (II) and Mg (II) ions in the water samples sequester upon the addition of disodium ethylene 259 

diamine tetraacetate (Na2EDTA). Eriochrome Black T was used as an indicator to detect the 260 

endpoint which showed red colour in the presence of Ca (II) and Mg (II) ions and blue colour 261 

when the ions were sequestered. 262 

2.5.8. Procedure for Extraction of ES and HCH from water samples 263 

(a) For ES [24]: Water samples collected in pre-cleaned and sterilized 500 mL amber-coloured 264 

bottles were sealed with stopper covered with aluminium foil. The samples were then extracted 265 

using hexane by using a liquid-liquid extraction procedure. A 300 mL water sample was 266 

extracted with about 10% NaCl in a separating funnel thrice with DCM (2×50 mL) and once 267 

with hexane (25 mL), shaking for two minutes and allowing the phase to separate for about 10 268 

minutes. These extracts were dried over sodium sulphate and then in a rotatory evaporator. The 269 

dried extracts were then dissolved in hexane and analysed using GC-MS.  270 

(b) For HCH [31]: 500 mL of water sample along with 10% NaCl was taken in separating 271 

funnel and shaken well to dissolve. This was followed by the addition of about 35 mL of DCM 272 

and shaken well. The funnel was placed on a stand for 10 minutes to separate the organic and 273 

aqueous layers. The DCM layer was collected in a conical flask. The partitioning procedure 274 

was followed twice using 40 mL of DCM again. A partitioning experiment was also performed 275 

using 50 mL hexane. The entire organic layer was collected and combined to which 5-10 g of 276 

anhydrous sodium sulphate was added. This was then concentrated on the rotatory evaporator 277 

to 5 mL. To this extract, 20 mL of hexane was added and again concentrated to 2-3 mL. This 278 

concentration process was repeated thrice. The residue was evaporated to dryness. The dried 279 

extract was then taken in 1 mL of n-hexane for injection into the GC-MS sampler.  280 

Quality Control (QC) and Quality Assurance (QA):  281 
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Adequate QC and QA procedures in analysis are required to obtain reliable results. For pH 282 

measurements, before measuring the samples, the pH meter electrode was calibrated with 283 

buffers of pH 4.0, 7.0 and 12.0. Similarly, for EC measurements, only glass beakers were used 284 

for taking the samples. Calibration was done with KCl-1.41 μmhos/cm before measuring the 285 

samples. To measure TDS, a well calibrated digital TDS meter used. For minimum quality 286 

control blank reagents, internal standard, and spiked samples were examined. All interferences 287 

from glassware and reagents were examined and made sure to be under control by running a 288 

blank reagent every time with the sample of interest. For all the samples, the recovery value 289 

(Table 2) of all the field replicates was found to fall in the range of R ± 30%. The minimum 290 

detection limit was calculated from the calibration curve using three laboratory field blanks. 291 

The internal library search was also validated for spiked samples and the field samples were 292 

then analysed using the library search available within the analysis software.  293 

To perform the recovery studies, aqueous solutions of a known appropriate amount of standard 294 

mixture were prepared, extracted and analysed using GC-MS to validate the extraction 295 

procedure. The recovery rates were estimated for three different concentrations. The average 296 

recovery and relative standard deviation at three concentrations are shown in table 2. For the 297 

method qualification, the specificity of the analytical procedure was checked by analysing a 298 

solvent blank and a prepared blank. Calibration curves of each analyte were generated to check 299 

the linearity of the peak area versus concentration of HCH and ES. As clear from figure 3 300 

excellent linear behaviour was observed for both the cases. Good recoveries were observed by 301 

adding a known amount of analyte at different concentrations and respective % of RSD was 302 

evaluated (Table 2).  All the quality assurance parameters are enlisted in Table S5.  303 
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 304 

Figure 3. Calibration curve for (a) HCH and (b) ES 305 

Table 2. The recovery rates obtained for spiked samples 306 

Pesticide Spiked Measured recovery % mean 

recovery (%) 

R. S. D. % 

HCH 0.200 0.175 87.5 82.0 5.9 

0.400 0.303 75.0 

0.500 0.418 83.6 

ES 5.000 4.738 94.7 92.0 7.7 

7.000 6.004 85.7 

9.000 8.608 95.6 

 307 

3. Results and Discussion  308 

The results of various parameters including both on site and in lab analyses for different water 309 

samples collected are tabulated in Table 3. The colour and odour were found to be 310 

unobjectionable. The assessment of water quality is essential to get valuable information that 311 

is useful for the public, policymakers, and decision-makers to ensure public safety and health. 312 

The permissible values and the standards of the drinking water are shown in table S7.  313 

Table 3. Various parameters of different sample locations 314 
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Sample 

ID 

pH Temp TDS DO BOD 

(×10-

3) 

Total 

Hardness 

Permanent  

Hardness 

EC ES HCH 

12 TW 7.56±0.08 28.5 422 6.2 0.4 224 195 955.80±0.43 BDL BDL 

13 TW 7.42±0.20 28.5 289 6.1 0.5 153 129 849.03±0.86 BDL BDL 

5 TW 7.83±0.02 28.5 251 5.8 1.9 133 120 243.86±0.37 BDL BDL 

17 HP 7.40±0.00 28.6 204 5.1 0.2 108 96 827.76±1.68 BDL BDL 

18 TW 8.18±0.07 28.7 252 5.8 1.3 134 128 535.50±0.58 BDL BDL 

16 HP 8.91±0.38 28.5 543 6.3 2.2 340 222 1545.66±3.39 BDL BDL 

11 TW 7.76±0.02 28.7 232 5.6 0.4 123 115 1124.6±3.29 BDL BDL 

9 TW 7.41±0.03 28.6 261 5.8 0.5 138 129 950.33±2.86 BDL BDL 

15 TW 7.83±0.12 27.9 223 6.1 0.3 118 110 703.73±1.91 BDL BDL 

4 TW 7.83±0.08 29.8 556 5.8 0.4 295 278 427.93±5.79 BDL BDL 

14 TW 7.33±0.03 30 484 5.0 0.6 257 249 768.20±1.73 BDL BDL 

1 TW 7.11±0.000 28.4 295 5.8 0.4 156 148 987.30±1.76 BDL BDL 

2 TW 8.12±0.09 28.3 320 6.1 0.2 170 157 508.40±0.54 BDL BDL 

3 TW 7.65±0.02 28.6 274 7.1 0.5 145 138 521.73±3.18 BDL BDL 

10 HP 7.80±0.04 28.9 352 5.8 0.3 187 165 509.70±2.21 BDL BDL 

8 HP 7.13±0.03 27.6 280 6.1 1.3 148 134 1226.1±1.35 BDL BDL 

6 TW 7.47±0.02 30.1 279 6.6 0.6 148 138 972.36±0.53 BDL BDL 
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22 TW 7.77±0.01 25.6 365 6.5 0.3 193 179 967.17±9.11 BDL BDL 

21 TW 6.49±1.37 27.8 254 6.2 1.1 135 130 560.77±10.73 BDL BDL 

7 TW 7.37±0.09 24.5 387 6.7 0.8 205 189 560.23±25.15 BDL BDL 

20 TW 7.23±0.07 28.6 467 6.4 0.3 248 243 473.20±16.49 BDL BDL 

19 TW 7.58±0.07 27.4 280 6.3 0.5 148 139 756.60±22.25 BDL BDL 

23 TW 7.72±0.11 28.4 245 6.9 0.6 183 178 366.03±17.21 BDL BDL 

I Tap  7.66±0.04 26.5 259 6.6 0.3 137 129 925.13±8.58 BDL BDL 

24 Tap  7.31±0.19 24.9 264 6.5 0.5 140 131 576.10±4.47 BDL BDL 

22 Tap 7.44±0.17 26.7 492 5.8 1.2 261 254 765.13±31.57 BDL BDL 

25 Tap 7.40±0.20 25.8 267 5.6 1.4 195 187 486.97±5.89 BDL BDL 

12 Tap 7.57±0.12 26.3 487 5.6 1.4 258 253 763.77±30.65 BDL BDL 

15 Tap 7.53±0.08 27.8 412 5.2 1.1 218 210 830.90±7.96 BDL BDL 

19 Tap 7.28±0.13 26.7 379 6.1 0.7 201 197 835.37±10.81 BDL BDL 

28 Tap 7.28±0.10 29.8 273 6.4 0.8 145 137 855.50±11.59 BDL BDL 

17 Tap 7.26±0.04 27.5 376 6.4 1.3 199 187 772.37±15.34 BDL BDL 

11 Tap 7.51±0.11 24.9 287 6.8 0.5 152 145 877.50±14.77 BDL BDL 

23 Tap  7.37±0.03 26.8 297 6.6 1.4 157 151 679.40±3.44 BDL BDL 

30 Tap 7.26±0.01 25.6 201 5.9 1.3 107 101 921.50±2.12 BDL BDL 

14 Tap 6.95±0.14 29.8 189 5.6 1.2 100 95 592.93±2.09 BDL BDL 
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16 Tap 7.58±0.03 28.7 398 5.9 1.3 211 117 586.97±3.95 BDL BDL 

8 Tap 7.30±0.07 26.8 289 5.5 1.2 153 145 1135.77±14.17 BDL BDL 

5 Tap  6.92±0.05 27.4 359 5.7 0.9 190 178 487.97±4.14 BDL BDL 

6 Tap 7.37±0.04 24.8 290 6.3 0.7 154 149 568.30±18.60 BDL BDL 

7 Tap 6.85±0.02 26.1 328 6.1 0.9 174 169 636.43±12.01 BDL BDL 

10 Tap 7.75±0.06 25.3 284 6.5 1.1 151 145 434.87±3.75 BDL BDL 

21 Tap 7.64±0.01 25.5 192 6.3 1.3 102 98 460.13±29.86 BDL BDL 

26 Tap 7.65±0.06 24.6 279 6.7 1.6 148 138 730.13±1.67 BDL BDL 

27 Tap  7.60±0.07 27.6 293 5.7 1.4 155 146 742.43±7.18 BDL BDL 

29 Tap 7.35±0.03 28.8 267 5.9 1.5 142 137 844.40±20.58 BDL BDL 

2 Tap 7.74±0.02 25.4 310 6.1 1.3 164 157 733.37±5.05 BDL BDL 

9 Tap  6.95±0.06 26.3 330 6.8 1.4 175 165 956.20±19.45 BDL BDL 

3 Tap 6.42±0.22 26.6 430 6.3 1.2 228 219 1379.27±8.62 BDL BDL 

4 Tap 7.63±0.05 28.4 327 6.8 1.3 173 164 473.90±12.17 BDL BDL 

34 Tap 7.34±0.03 28.3 343 5.6 0.7 182 177 729.37±7.79 BDL BDL 

20 Tap 7.45±0.03 25.4 456 5.8 0.3 242 239 392.50±4.46 BDL BDL 

13 Tap 7.66±0.03 26.4 245 6.3 0.7 130 123 831.73±9.26 BDL BDL 

18 Tap 7.55±0.09 27.8 294 5.2 1.1 156 147 749.60±8.09 BDL BDL 
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Temperature 315 

The temperature of all water samples collected from the tap, tube wells, and hand 316 

pumps was found to lie in range 25 to 30 °C. (Figures S2 and S3)   317 

pH 318 

Although the hydrogen ions do not have any adverse effect on the health, it can cause many 319 

further effects such as taste, stained laundry, greenish-blue staining of sinks and household 320 

items, reduced efficiency of water-based appliances like geysers, heaters, etc. Most of the tap, 321 

tube well and hand pump water samples collected for this report were found to be within the 322 

acceptable range of 6.5 to 8.5 as per the guidelines by IS:10500 (Figure 4a). 52% of samples 323 

were found to have a pH value between 7.5 and 8.5. The pH values of the water samples were 324 

found to lie between 6.42 and 8.91 with an average value of 7.47±0.38. So, the pH values of 325 

all the samples lie between the permissible limits indicating no harmful impact from 326 

agricultural and health perspectives. However, the pH values less than 6.5 can affect the aquatic 327 

life, formation of necessary vitamins and minerals in humans and more than 8.5 could give 328 

salty taste to water in addition to problems such as corrosivity to pipelines, eye irritations and 329 

skin problems.  330 

 331 
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 332 

 333 

Figure 4. Percentage of the samples having different (a) pH (b) TDS (c) Hardness (d) BOD (e) DO and (f) 334 

EC values 335 

TDS 336 

To parameterize the salinity of the drinking and groundwater samples, TDS measurements 337 

were done. The bicarbonate, chloride and sulphate salts of Ca, Mg, K, Na give rise to the TDS.  338 

The permissible limit of TDS for drinking water samples is up to 500 mg/L (Table S7). Most 339 

of the water samples were observed to have the TDS value below the prescribed limit. TDS of 340 

the study area varied between 120 to 556 mg/L with a mean value of 322.44±88.30.  Less than 341 

5 % of the samples collected were found to have the TDS value above 500 mg/L (Figure 4b). 342 

However, the values were not extremely higher than the prescribed limit suggesting suitability 343 

for drinking. It is advised to boil the water before drinking. Discharge from these dumping sites 344 

could be one of the chief reasons for the contamination of water and deviation of the 345 

physiochemical parameters beyond the prescribed limits. TDS of the study area varied between 346 

120 to 556 mg/L with a mean value of 322.44±88.30.  347 
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Total Hardness 348 

Another quality parameter is the hardness of the water. The permissible limit of the hardness 349 

of water according to guidelines by IS: 10500 is 300 mg/L. The collected water samples from 350 

various sites of the study area were found to lie in the range of 100 to 340 mg/L (Figure 4c) 351 

with an average of 173.87±49.28.  98% of samples were found to have the hardness values 352 

below 300 mg/L which is the prescribed limit by IS: 10500. 33 samples were found to be 353 

moderately hard and 1 sample (sample point 16HP) was found to fall in very hard category 354 

(Table S6). Infact, the local authorities have marked the hand pump (16HP) red. There is a need 355 

to stress the proper management of the domestic, industrial and agricultural waste to save the 356 

public health. The hardness of the water is due to the dissolved salts of Ca2+ and Mg2+ which 357 

percolates through the earth’s crust. Higher content of these salts restricts the use of water for 358 

domestic, agricultural and industrial purposes. 359 

BOD 360 

BOD value is a parameter to evaluate the strength of waste in the water samples. The very low 361 

values of BOD are indicative of the good condition of the water. All the tap, tube well, and 362 

hand pump water samples were found to be within the permissible range (Figure 4d). All the 363 

samples were found to have the BOD values between nil to 5.0 which is the prescribed limit 364 

by IS: 10500. The higher the BOD value, the more quickly oxygen is depleted and less oxygen 365 

is available for the aquatic life which suffocates them and ultimately leads to their death.  366 

DO 367 

Like BOD, the content of dissolved oxygen displays the organic pollution associated with it. 368 

The limit prescribed for DO is 5 mg/L. The water samples of the study area had the DO value 369 

in the range of 5 to 7.1 mg/L (Figure 4e). 57% of samples were found to have the DO values 370 

greater than 6 which is the prescribed limit by IS: 10500. The DO values indicate the 371 
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modification due to aerobic/anaerobic mechanisms. Very low or high DO values can disturb 372 

the aquatic and human life. In addition to this, water with very high DO values facilitates 373 

corrosion of the water pipelines which restricts the smooth supply of water for domestic 374 

purposes.  375 

Electrical Conductivity (EC):  376 

The EC parameterizes the extent to which electricity can pass through the water. 61% water 377 

samples collected for this report were found to be within the range of 200-800 µS/cm (Figure 378 

4f). 39% of samples were found to have the EC values above 800 µS/cm. The EC values were 379 

found to fall between 243.86 and 1545.00 µS/cm. No permissible limits are suggested by WHO 380 

(2011) and BIS (2012) for EC. Seepage from the nearby dumping zones could be one of the 381 

sources of contamination resulting into higher EC values and consequentially increased salinity 382 

and mineral content.  383 

ES and HCH levels:  384 

All the 54 water samples were found to have levels of emerging contaminants ES and HCH 385 

below the detection limit. The GC-MS spectrogram of the ES and HCH standards are shown 386 

in figures 5 (a & b). The spectrogram of sample 17Tap is shown in figure 5c. No peaks 387 

corresponding to characteristic retentions time of the target pesticide could be observed in any 388 

of the water samples which signified the presence of the target below the detection limit. The 389 

levels of ES and HCH being below detection limit indicated that the Initiatives by Central and 390 

State Govt. seems to create sensitivity among the public specifically among the farmers.  391 
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 392 

Figure 5. Chromatogram of a standard reference sample of (a) ES, (b) HCH and (c) water sample 17Tap 393 

4. Conclusions 394 

An analysis of 54 samples from drinking and underground water of Chandigarh and nearby 395 

region was carried for the presence of emerging contaminants ES, HCH and the assessment of 396 

water quality. The results from this study indicated the levels of pesticides ES and HCH, below 397 

the limit of detection in drinking and groundwater samples of Chandigarh and nearby regions. 398 

Some of the parameters such as colour, odour, temperature, pH and BOD were well within the 399 

prescribed limits for all the water samples. However, some of the physio-chemical parameters 400 
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i.e. TDS, EC, DO and TH which are directly related to water quality, were above the limits 401 

specified by the BIS. The leachate from the nearby dumping areas could be responsible for the 402 

enrichment of groundwater of Chandigarh with contaminants pushing the parameters beyond 403 

the prescribed limits. Based on our findings, the water supplied to Chandigarh is safe for 404 

drinking. However, some of the areas surrounding Chandigarh are heavily polluted by 405 

domestic, industrial, agricultural and construction waste which is also indicated by the higher 406 

physiochemical parameters of the water samples from regions such as the Mullanpur and 407 

Dhanas region. As a solution to this, we recommend regular monitoring and assessment of the 408 

parameters should be made at the water works. The levels of ES and HCH being below 409 

detection limit indicated that the Initiatives by Central and State Govt. seems to create 410 

sensitivity among the public specifically among the farmers. The use of Integrated Pest 411 

Management (IPM) techniques such as light traps, bonfires, trap crops are being encouraged 412 

as opposed to the use of pesticides. The use of bio-pesticides is being promoted by the 413 

government at special subsidized and loans for farmers. Training courses in self-protection, use 414 

of masks, use of spray pumps and measures for the disposal of pesticide containers are being 415 

propagated among the farmers. All these efforts and initiatives by various government agencies 416 

seem to be producing results. However, the high levels of some of the physio chemical 417 

parameter is a matter of concern and needs to be addressed by the authorities so that they can 418 

be regulated and brought down back below the limits specified by BIS. The local water quality 419 

regulating authorities have marked water hand pumps with poor water quality in red colours to 420 

warn the public of non-suitability of water for drinking. It is important that monitoring and 421 

analysis of the water supply to Chandigarh is continuously carried out. It is recommended that 422 

the potential of microbial and radiological material can be explored for the treatment of water. 423 

We recommend few steps for prevention and solution to water pollution problem i.e. Treatment 424 

of domestic sewage water and subsequent utilization of treated sewage water for irrigation of 425 
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public parks can not only prevent pollution of water bodies but also reduce the demand for 426 

fresh water in the irrigation sector and become a useful resource for irrigation. Strict 427 

enforcement of the laws should be made to ensure the safe disposal of the effluents from the 428 

industries, avoiding the usage of non-biodegradable material like plastic can reduce the 429 

pollution. Cleaning of rivers, lakes and other water bodies can also prevent water pollution. 430 

The studies done so far are limited to a period of six months only and may vary depending on 431 

seasons. The outcomes of this study can help in planning of remedial measures, management 432 

and establishment of system for regular assessment of the groundwater quality to save the 433 

public health.  434 
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