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Abstract— Jodhpur  is a town and district of Rajasthan  

(India) Coordinates at Latitude   26° 15' 49.9068'' 

N-Longitude73° 0' 32.2452'' The present investigation was 

taken up to evaluate the heavy metal concentrations in the 

ground water of Industrial Area in Jodhpur Rajasthan. The 

concentration of six eco-toxic metals such as copper, zinc, 

Manganese, iron, nickel, and lead were analyzed for 39 

groundwater sampling stations in the study area using atomic 

absorption spectrometer. The results showed that two metals 

ion, viz. Nickel, and lead exceeded the concentration limit of BIS 

(2012) in most of the water samples indicating severe human 

health hazard. The single-factor pollution index (Ii ) and 

compound pollution index (CPI) value of these two  metals were 

very high, i.e., much greater than 1 The other metal 

concentrations were found within the safe permissible 

ranges.Heavy metal pollution index is an effective method of 

rating and ascertaining the water quality with respect to heavy 

metals. An index value of 100 is considered to be critical, and on 

the basis of mean concentration, this value in the study area was 

observed to be 391 which is considerably higher than the 

stipulated critical index value. 87.17%of the groundwater 

samples are seen to be having an index far above the critical 

figure of 100.The study results revealed that both the geogenic 

and anthropologic activities influenced the groundwater system 

of the area. This study has massive relevance in designing 

control measures and action plans for reducing the pollutant 

influx into the groundwater. Prompt enforcement of 

environmental protection laws is needed to prevent continuous 

pollution of the area. 

Index Terms— Jodhpur industrial Area, Groundwater, 

Heavy Metal, Pollution Index, Risk Assessment, Toxicity.  

 

I. INTRODUCTION 

The groundwater is considered the largest source of drinking 

and irrigation purposes water for most of the 

lower-middle-income and developing countries. About 97% 

of the world’s unfrozen fresh water found beneath the earth’s 

surface as groundwater. Heavy metals pollution in 

groundwater is increasing rapidly with the rapid agricultural 

expansion and urbanization. Heavy metals as a type of 

insistent toxic pollutants are non-biodegradable in the 

environment. Thus, the residual trace metals in the water 

environment are threatening human health [3,4]. The major 

sources of trace metals in the groundwater are atmospheric 

precipitation, agricultural wastes, discharge of industrial 

wastewater, agro-pesticides leaching, and urban sewage, 

mineral mining. [5] Grading water quality indicators largely 

depends on indicator concentration and the rate of relative 

toxicity, numerous water quality indices were proposed for 
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the assessment of water quality based on heavy metals [16, 

17]. One of these indices is the heavy metal pollution index 

(HMPI). This method considered the maximum acceptable 

limit and maximum permissible limit of each heavy metal for 

water quality classification. According to current regulatory 

guidelines, several heavy metals are now being considered 

under the nonrelaxation category [18]. Hence, HMPI cannot 

be calculated using the latest regulatory guidelines. This study 

aims to assess the heavy metals contamination in groundwater 

in industrial area Jodhpur as well as focuses on risks of heavy 

metal contamination in groundwater. 

 
Fig1: Details of main industrial clusters in Jodhpur 
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Fig.2: Location Map of The study Area with type of Aquifer and sample locations 

 

II. MATERIALS AND METHODS OF ANALYSIS 

A total of 39 Sambles of ground water were collected from 

seven selected sampling sites Jodhpur Industrial area in june 

2020for the present investigation.Before sample collection, 

bottles were washed with 50% HNO3 and rinsed with distilled 

water. After pumping the wells for 15–20 min. then samples 

were collected and filtered to avoid contamination .For metal 

analysis, samples  were preserved by acidified with 

concentrated AR grade HNO3.The targeted heavy metals  

have  been  analysed using  atomic  absorption spectrometer  

(P G Instrument-UK AA8000)  as  per the  standard method 

(APHA, 2012).The instrument was calibrated initially before 

preparation of calibration graph.  

Risk calculation of heavy metal pollution  

Two types of risk assessment methods of trace heavy metal 

pollution were used to assess the heavy metal pollution in the 

groundwater in the study area, which is shown below:  

Single-Factor Pollution Index (Ii)  

Single-factor pollution index (Ii ) is used to evaluate how a 

single heavy metal pollutes groundwater at a sampling station: 

     Ii =Ci/Si     (1) 

Where Ci is the measured content of contaminant i in 

groundwater water (mg/L), and Si is the evaluation standard 

of pollutant i in groundwater (mg/L). Here, we followed the 

BIS guideline value (2012). When I i is >1, the content of that 

heavy metal exceeds the standard [23]. The results of the 

single-factor pollution index of heavy metals in groundwater 

in the study zone are shown in Table 4 and 5. 

 Compound pollution index (CPI)  

Compound pollution index (CPI) was used to evaluate the 

heavy trace metal pollution in water, which is expressed as 

follows equation (2):  

CPI=     (2) 

Where Ii is a single-factor index of heavy metal and m is the 

number of heavy metal types. CPI < 1 indicates no heavy 

metal contamination in water samples, CPI>1 indicates heavy 

metal contamination [7].The results were shown in Table 4 

and 5 

Heavy Metal Pollution Index  

The heavy trace metal pollution index (HMPI) model has 

been recognized by assigning the weightage (Wi)  for a 

particular parameter and selecting the groundwater parameter 

on which the index has to be based. The rating is nearly 0 to 1, 

and its selection reveals the consequence of each water quality 

parameter. It can be defined as inversely proportional to the 

suggested standard (Si ) for each parameter [24, 25]. The 

concentration limits (i.e., the highest permissible value for 

drinking water (Si ) and maximum desirable value (I i ) for 

each parameter) were taken from the WHO standard (2011). 

The heavy metal pollution index (HPI) was used for assigning 

a rating or weightage (Wi) for each particular parameter, is 

calculated using Equation (3) [24] 

HMPI = /   (3) 

 

Where Wiis the unit weight of the ith parameter, Qi is the 

subindex of the ith parameter, and n is the number of 
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parameters. The sub-index Qi is calculated by,  

Qi = /Si— Ii 

Where Mi , Ii, and Si donate for the ‘monitored value,’ 

‘ideal value’ and ‘standard values’ of the ith parameter 

respectively. The negative sign (−) denotes a numerical 

difference between the two values, ignoring the algebraic 

sign. 

III. RESULTS AND DISCUSSION 

Trace metals and metalloids, among an extensive limit of 

contaminations, are steady of a health concern due to their 

toxicity capacities at a very little concentration and can show 

an opposing effect on living existences, and tendency to 

bioaccumulation in lipids and tissues of biotic over time [35]. 

These metals such as, Pb, Hg, Cd, As,  Ni and Co have no 

useful effects in the body system, moreover, long time 

exposure may cause more acute interruptions in the normal 

operations of the human organ systems where the metals 

deposited [36]. Though some trace metals like Cu, Zn, Fe, and 

Mn, as micronutrients, are required by the body in limited 

amounts for metabolic actions, and the same elements, at 

higher amounts can cause opposing health effects [37]. The 

key anthropogenic sources of trace metals in groundwater are 

natural matters leached into the soil or rocks, residue from 

agrochemicals, controlled release from the sewage treatment 

plant and industrial run-off, and unrestrained releases or 

escape from landfill spot and chemical accidents or 

calamities.  

The major sources of Nickel discharge in Jodhpur 

industrial area are the textile & chrome industries BIS (2012) 

has prescribed the acceptable limit of 0.02 ppm of nickel in 

drinking Water and no relaxation beyond the desirable limit 

has been recommended. The drinking water containing high 

levels of Ni can lead to headaches; gastrointestinal 

manifestations; respiratory manifestations; lung fibrosis; 

cardiovascular diseases; lung cancer; nasal cancer; epigenetic 

effects. The concentration of nickel has been found to vary 

from 0.0011 to 0.0.186 ppm.  

Mn is an element vital to the proper working of humans, 

animals, and plant metabolism, as it is obligatory for the 

operative of several cellular enzymes and can aid to activate 

hydrolyses, kinesis, transferases, decarboxylases. But 

excessive consumption of Mn-rich water then showed neural 

symptoms that are alike Parkinson’s disease [41]. Memory 

damage, hallucinations, disorientation, and impulsive 

instability also concerns by manganese overdose [42]  

Iron (Fe) is the burning issue of rural drinking water in 

Bangladesh. Although a low level of iron is essential in the 

human diet and plant metabolism and cannot do much harm, it 

encourages objectionable bacterial growth (‘iron bacteria’) 

inside a waterworks and supply system, resulting in the 

deposition of a slushy coating on the piping [44]. Besides, 

high iron content (over 0.3 mg/L) leads to an excess which 

can cause stomach problems, vomiting, diabetes, nausea, and 

hemochromatosis [45].  

Copper (Cu) is an indispensable element in animals and 

plants which shows a significant role in metabolism. 

Temporary exposure to Cu in potable water can lead to 

gastrointestinal suffering, longtime exposure can lead to 

copper toxicsis, which results in liver and kidney damage, 

anemia, hepatic cirrhosis, and deterioration of the basal 

ganglia [46]. An excess of copper in aquatic environments is 

seriously harmful to fish and other aquatic lives [47]. 

Zinc (Zn) is a naturally occurring trace element and an 

essential nutrient for body metabolism and development, 

particularly for newborns and young children. However, 

drinking water containing high levels of Zn can lead to 

stomach cramps, neurological problems, vomiting; and 

chronic exposure to Zn is liable for depressed copper 

consumption, iron shortage, depressed levels of HDL 

cholesterol [48]Lead (Pb) is another present toxic trace metal 

and substantial public health concern in the environment [43]. 

It can cause different biochemical effects when exposed to it 

for a relatively short time duration These effects may 

comprise interfering with red-blood-cell chemistry, delays in 

usual physical and mental growth in an infant, hearing and 

learning capacities of children, scarcity in attention span, 

kidney disease, stroke, cancer, and rises in the blood pressure 

of adults [51).BIS (2012), the acceptable limit of lead in 

drinking water is 0.01 ppm and no relaxation in the 

permissible limit has been recommended. Table 1 and 2 

shows the concentration of heavy metals present in 

groundwater sources collected from a different station in 

sampling sites. The concentration of Pb was the higher in all 

water samples with almost total samples exceeding the 

maximum Permissible limit (PAL) and one of the samples 

having the highest concentration 0.2004 The mean 

concentration of this metal is .051 with a standard deviation of 

±.037 (Table 2). The quality of the source of water may be the 

reason for the variation of Pb concentration noticeable in the 

water samples, which is linked to the quality of treatment of 

the water sources. It was observed that 66.66% of the samples 

surpassed the PAL limits set by BIS for Ni, with the highest 

concentration noticeable in Sample 0.186(mg/L) [43]. The 

mean value of Ni is .041 mg/L with a standard deviation of 

±1.036.  The other metal concentrations remained within the 

safe ranges. 
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Table1

: Concentration (mg/L) of analyzed metals 

Sample Cu Mn Ni Pb Zn Fe 

  mg/l mg/l mg/l mg/l mg/l mg/l 

Sample/1 0.0051 0.0009 0.0353 0.0134 0.0045 0.0141 

Sample/2 0.004 0.0009 0.0311 0.0054 0.0049 0.0141 

Sample/3 0.0082 0.0051 0.0606 0.0299 0.0068 0.0377 

Sample/4 0.0104 0.0065 0.0648 0.0561 0.0058 0.0478 

Sample/5 0.0125 0.0079 0.0754 0.0652 0.007 0.0494 

Sample/6 0.0019 0.0002 0.0102 0.0054 0.0039 0.0039 

Sample/7 0.0178 0.0134 0.1051 0.1238 0.0079 0.0764 

Sample/8 0.0093 0.0099 0.05 0.0472 0.0066 0.036 

Sample/9 0.0104 0.0085 0.0648 0.0561 0.0077 0.0562 

Sample/10 0.0156 0.0252 0.069 0.0561 0.0077 0.0528 

Sample/11 0.0083 0.003 0.0387 0.0439 0.0057 0.0312 

Sample/12 0.003 0.0003 0.0059 0.0153 0.002 0.0108 

Sample/13 0.0051 0.0037 0.0141 0.0246 0.0016 0.0568 

Sample/14 0.0041 0.0016 0.0161 0.0538 0.0171 0.0125 

Sample/15 0.0083 0.0065 0.0243 0.0743 0.0041 0.1044 

Sample/16 0.0051 0.0023 0.0284 0.064 0.0033 0.0244 

Sample/17 0.0073 0.0037 0.0387 0.0849 0.0055 0.0329 

Sample/18 0.0179 0.0107 0.0202 0.0538 0.0404 0.038 

Sample/19 0.0019 0.0515 0.0059 0.0341 0.0063 0.0397 

Sample/20 0.0051 0.003 0.0243 0.0538 0.0033 0.0159 

Sample/21 0.0085 0.0169 0.0054 0.0158 0.0186 0.01466 

Sample/22 0.0053 0.000 0.0076 0.0158 0.0034 0.00142 

Sample/23 0.1364 1.428 0.0888 0.0777 0.0578 0.01397 

Sample/24 0.0161 0.0087 0.1 0.0907 0.0078 0.00756 

Sample/25 0.0214 0.0114 0.0622 0.0714 0.0471 0.01483 

Sample/26 0.0161 0.0152 0.06 0.0842 0.0228 0.283 

Sample/27 0.0161 0.0076 0.0184 0.0524 0.0404 0.01994 

Sample/28 0.0096 0.0027 0.0293 0.0401 0.0053 0.00301 

Sample/29 0.0118 0.032 0.0337 0.0524 0.0076 0.00301 

Sample/30 0.0311 0.0297 0.186 0.2004 0.0757 0.416 

Sample/31 0.0032 0.0122 0.0075 0.0116 0.007 0.0472 

Sample/32 0.0043 0.0006 0.0204 0.0185 0.0022 0.0105 

Sample/33 0.0021 0.000 0.0118 0.0047 0.0015 0.0105 

Sample/34 0.0065 0.0099 0.0075 0.0116 0.0241 0.035 

Sample/35 0.0098 0.0052 0.0355 0.0761 0.0049 0.0263 

Sample/36 0.1136 0.0099 0.0011 0.0255 0.0647 0.0835 

Sample/37 0.1306 0.027 0.0747 0.0985 0.0324 0.1485 

Sample/38 0.0142 0.1675 0.0182 0.0326 0.0318 0.0887 

Sample/39 0.0229 0.041 0.0312 0.0397 0.0679 1.49 
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Table 2: Destructive statistics of metals parameter 

 

Metal Mean Minimum  

Conc. 

Maximum 

Conc. 

Stdv BIS Standard (2012) 

     Acceptable  Permissible 

Zinc 0.01731 0.0045 

 

0.0679 

 

0.020421 5.0  15 

Lead 0.05079 0.0047 

 

0.2004 

 

0.037498 .01 NR 

Copper 0.018997 0.0019 

 

0.1364 

 

0.031895 .015 1.5 

Nickel 0.040569 0.0011 

 

0.186 

 

0.036266 .02 NR 

Manganese 0.051033 0 1.428 

 

0.225043 

 

0.1 0.3 

Iron 0.089041 0.00142 

 

1.49 

 

0.239998 0.3 1.0 

Pearson’s correlation matrix 

The Pearson’s correlation matrix of analyzing groundwater 

metal parameters is presented in Table 3. In some cases, the 

dissimilarity matrix value for the same pair of parameters is 

observed. The statistical result showed that copper (Cu) is 

strongly positively correlated with manganese (Mn), and Znic 

(Zn). On the other hand, Nickel (Ni) with Lead (Pb), and Zinc 

(Zn) with Iron (Fe) are significantly positively correlated with 

each other. Other metals are not significantly correlated with 

each other. This matrix Table would provide important 

information to evaluate the water quality of the study areas. 

Table 3: Pearson’s correlation matrix for tested metals in groundwater 

  Cu Mn Ni Pb Zn Fe 

Cu 1           

Mn 0.602981 1         

Ni 0.273108 0.216526 1       

Pb 0.282062 0.12347 0.857102 1     

Zn 0.603846 0.354751 0.331302 0.396095 1   

Fe 0.089477 -0.02385 0.157839 0.176044 0.532629 1 

Risk Assessment of Heavy Metal Pollution in 

Groundwater 

Two methods viz, single-factor pollution index (I i ) and 

compound pollution index (CPI) uses for the risk assessment 

of heavy metal contamination in groundwater. When Ii is 

greater than1, the concentration of the heavy metal exceeds 

the standard guideline [23]. The results of the single-factor 

pollution index of heavy metals in groundwater in the study 

areas are showed in using Table 4 and 5. The Ii values for Pb 

in 91.23% of samples >>1, indicating Pb contents 

significantly exceeded the standard value. The mean value of 

Ii for Pb is 5.08, which is very higher than 1. Thus, the metal 

contents in water samples could significantly affect the heavy 

metal pollution index value. Same as Lead (Pb), another 

metal, Nickel (Ni) has a high level with a mean value of 2.03, 

which is higher than the standard value. Nickel  is very toxic 

and highly poisonous to humans and plants. Also  the Ii values 

of copper metal are greater than 1 for 30% of samples. The 

mean value of Cu 1.27 (>1). The results revealed that the 

other metals such as, Fe, Mn and Zn have a lower value of Ii 

(˂1). The concentration of those metals in groundwater 

samples of the study area remains in the range of BIS 

guidelines (2012). Table 5 indicated the summary of the total 

result of the single-factor pollution index (Ii ) for the sampling 

sites. Besides, same as single-factor pollution index (Ii), the 

value of compound pollution index (CPI) is below 1 

indicating no metal pollution occurred in water. The CPI 

value of 69.23%water samples   is higher than 1, showing the 

degree of trace metal pollution 

Table 4: Values of single-factor pollution index (Ii ) and compound pollution index (CPI) to assessment degree of heavy metal 

pollution in groundwater 

 Sample Cu Mn Ni Pb Zn Fe CPI 

S/1 0.34 0.01 1.77 1.3 0.001 0.05 0.58 

S/2 0.27 0.01 1.56 0.5 0.001 0.05 0.40 

S/3 0.55 0.05 3.03 3.0 0.001 0.13 1.12 

S/4 0.69 0.07 3.24 5.6 0.001 0.16 1.63 

S/5 0.83 0.08 3.77 6.5 0.001 0.16 1.89 

S/6 0.13 0.00 0.51 0.5 0.001 0.01 0.20 

S/7 1.19 0.13 5.26 12.4 0.002 0.25 3.20 
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S/8 0.62 0.10 2.50 4.7 0.001 0.12 1.34 

S/9 0.69 0.09 3.24 5.6 0.002 0.19 1.64 

S/10 1.04 0.25 3.45 5.6 0.002 0.18 1.75 

S/11 0.55 0.03 1.94 4.4 0.001 0.10 1.17 

S/12 0.20 0.00 0.30 1.5 0.000 0.04 0.34 

S/13 0.34 0.04 0.71 2.5 0.000 0.19 0.62 

S/14 0.27 0.02 0.81 5.4 0.003 0.04 1.09 

S/15 0.55 0.07 1.22 7.4 0.001 0.35 1.60 

S/16 0.34 0.02 1.42 6.4 0.001 0.08 1.38 

S/17 0.49 0.04 1.94 8.5 0.001 0.11 1.84 

S/18 1.19 0.11 1.01 5.4 0.008 0.13 1.30 

S/19 0.13 0.52 0.30 3.4 0.001 0.13 0.75 

S/20 0.34 0.03 1.22 5.4 0.001 0.05 1.17 

S/21 0.57 0.17 0.27 1.6 0.004 0.05 0.44 

S/22 0.35 0.00 0.38 1.6 0.001 0.00 0.39 

S/23 9.09 14.28 4.44 7.8 0.012 0.05 5.94 

S/24 1.07 0.09 5.00 9.1 0.002 0.03 2.54 

S/25 1.43 0.11 3.11 7.1 0.009 0.05 1.97 

S/26 1.07 0.15 3.00 8.4 0.005 0.94 2.27 

S/27 1.07 0.08 0.92 5.2 0.008 0.07 1.23 

S/28 0.64 0.03 1.47 4.0 0.001 0.01 1.03 

S/29 0.79 0.32 1.69 5.2 0.002 0.01 1.34 

S/30 2.07 0.30 9.30 20.0 0.015 1.39 5.52 

S/31 0.21 0.12 0.38 1.2 0.001 0.16 0.34 

S/32 0.29 0.01 1.02 1.9 0.000 0.04 0.53 

S/33 0.14 0.00 0.59 0.5 0.000 0.04 0.21 

S/34 0.43 0.10 0.38 1.2 0.005 0.12 0.36 

S/35 0.65 0.05 1.78 7.6 0.001 0.09 1.70 

S/36 7.57 0.10 0.06 2.6 0.013 0.28 1.76 

S/37 8.71 0.27 3.74 9.9 0.006 0.50 3.84 

S/38 0.95 1.68 0.91 3.3 0.006 0.30 1.18 

S/39 1.53 0.41 1.56 4.0 0.014 4.97 2.07 

Table 5: Summery of single-factor pollution index (Ii ) and water categorization 

Results Cu Mn Ni Pb Zn Fe 

No. of samples 

exceeding I<1 

12 02 26 36 00 02 

% of samples 

exceeding I>1 

30.76 5.12 66.66 91.23 00 5.12 

Category 

 

MP LP HP HP NP NP 

HP-highly polluted; MP- moderately polluted; LP- low polluted 

 

Heavy metal pollution Index 

Heavy metal pollution index (HMPI)is used to evaluate heavy 

metal contamination in groundwater samples for the study 

area. That index value is a single-valued and unit less figure. 

The value of index is presented in Table 6. The minimum and 

maximum values of HMPI are 55.22 and 391 respectively. 

The results of HMPI index revealed that there are 12.82% of 

samples medium and 87.17% are highly contaminated. The 

high HMPI may be due to wastewater from industrial and 

agricultural activities The HMPI index values for most of   the 

samples   of the study area were found higher than the critical 

pollution index 

Table-6Summery of Heavy Metal pollution index and water categorization 

HMPI Category no of samples %of Samples 

<45 Low Nil NIL 

45-90 Moderate 5 12.82% 
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>90 High 34 87.17% 

IV. CONCLUSIONS - 

The analysis results showed that there were Three (3) 

metals viz. Lead (Pb), Nickel (Ni), and copper Cu) that 

exceeded the permissible limits of the WHO standard in most 

of the groundwater samples. The single-factor pollution index 

(Ii) and compound pollution index (CPI) values of these three 

metals were very high i.e., greater than 1. Other metal 

concentrations remained in the safe ranges. Heavy metal 

pollution index, showed that most of the water samples have a 

medium to a high level of metal pollution occurred. The 

maximum water samples were contaminated by Cu Ni, and Pb 

with high concentrations. The results revealed that on average 

12.82, and 81.17% of samples were medium, and high risk 

from heavy metal. The study revealed that about 800% of the 

total samples were highly contaminated by trace heavy 

metals. it observed that the regional groundwater system was 

contaminated by geogenic and anthropologic activities in the 

area. The heavy metal pollution indices showed the reliability 

in characterizing the groundwater contamination concerning 

heavy metals. Groundwater monitoring is imperative for 

ensuring its sustainable management. It is important to 

develop methods that reduce the complexity of data to 

understandable numbers that managers and policymakers can 

readily use. The study findings can help for further planning 

of potential remediation measures. 
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