
 

 
 

 

 
Journal of Green Engineering (JGE) 
 

    Volume-11, Issue-3, March 2021 
  

 

 

 

 

 

 

Assessment of Heavy Metal Pollutant In 
Groundwater Using Pollution Index Method 

 
                        

1*
Priyadharshini B, 

2
Marykutty Abraham 

 
1*Department of Civil Engineering, Sathyabama institute of science and technology, 

Chennai, india.  Email :  1 *dharspriya@gmail.com 
2Center for Remote Sensing, Sathyabama institute of science and technology, 

Chennai, india 

 

Abstract 
 
Recently, the contamination of drinking water due to the presence of heavy 

metals is being analyzed by scientists. Most of the heavy metals adulterate 

both surface water and subsurface water and transform the water quality as 

these metals are highly toxic, persistent, and dangerous to humans and the 

environment. Hence in this study, the heavy metal pollution index and water 

quality index were analyzed for the collected water sample to evaluate the 

metal concentration in the water. From the analysis, except Nickel, all other 

heavy metals were within the allowable permissible limits according to 

WHO standards. Thus, the Metal Pollution Index (HPI) is a functioning 

method device to evaluate the amount of weighty metal in the water. From 

the investigation the centralization of the metals in water was discovered to 

be in diminishing request Ni > Mn > Cr > Pb > Co > Fe by utilizing the 

pollution index method. 
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1 Introduction 

 

The water was often used for irrigation purpose, municipal and 

manufacturing purposes. Groundwater is often cost-efficient more 

convenient and less vulnerable to pollution than surface water.  [1][2]. 

Industrialized outlet wastewater without proper treatment leads to water 

pollution, degradation of soil, and also pollution of air the presence of heavy 

metals in the wastewater discharge will deplete the environment, which will 

affect aquatic life and human life. After the modern upheaval, point sources 

from mining, metropolitan waste, enterprises, and non-point sources from 

both horticulture and metropolitan tempest water overflow have gathered in 

the water bodies [3][4]. The limited utilization of pesticides and composts is 

hazardous to human existence, as the agrochemical weighty metals in them, 

separate, get injected into the water framework through draining, and at last, 

get aggregated in soils [5]. The inequality of these metal elements will affect 

the regular functioning in human beings. There were many types of heavy 

metal like Hg, Pb, Fe, Cr, Mn, Ni, Co had been identified as deleterious to 

the aquatic ecosystem and human health [6][7][8].  Due to their lethality, 

overwhelming metal presentation causes different well-being dangers, 

persistency, and non-biodegradability. The foremost goal of this work was to 

inspect the qualitative analysis of some physic-chemical limitations of 

subsurface water in the study area and find the major heavy metal 

concentration [9][10]. This may be considered as a hint for society to get 

prudent about the looming deterioration of their environment and health 

[12][13].  

Various investigations of the water nature of territory have been 

performed, including examinations of the appropriation of and variety in 

water quality boundaries and potential contamination sources [14]. HPI was 

utilized to survey the impact of in general contamination and show the spatial 

appropriation of weighty metal focus and the contamination list in the 

groundwater of the examined region [15]. From the examine the groundwater 

quality can assessed by the geographic information system, where the index 

analyzed data could be incorporated to identify the polluted area [19]. To 

identify the contaminated area of water and accumulation of metals can be 

easily identified. 

 

 

2 Literature Survey 
 

Weighty metals content over as far as possible in water is viewed as 

poisonous and can be a source of cause lungs and skin malignancy and 

diverse sorts of illnesses [8]. It is additionally hurtful in agrarian field. 

Ground water from around the city, tainted with toxic weighty metals. this 

examination uncovers the genuine situation of hefty metals in groundwater. 

In future it very well might be expanded because of urbanization or  
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industrialization [3][4]. The administrative measures to contain and forestall 

ground water tainting by ventures embraced by contamination control board 

may have led to nonappearance of substantial metal defilement Industrial 

group [2][6]. The estimation of HPI dependent on the mean focus was 

discovered to be 8.58, which is far beneath the basic contamination record 

estimation of 100[5].  

 

3 Methodology 
 

3.1 Study Region 

 

For the examination of water quality, the water tests were taken from 

several dumping yards and industrial areas in Chennai, Tamil Nadu. The 

water sample collection was from the area Chrompet dumping yard (S1, S2, 

S3), Chrompet MEPZ textile factory (S4, S5, S6), Pallikaranai dumping yard 

(S7, S8), Kodungaiyur dumping yard (S9, S10). From the previous study, it 

was found that the water gets depleted due to the dumping waste in dumping 

yard and discharge of industrial waste in the nearby river and sea. These 

waters reach the subsurface and the groundwater in these areas was depleted.  

 

3.2 Material 

 

Therefore, to evident the water quality the samples were collected and 

tests were performed in Atomic Adsorption Spectroscopy (AAS) for the 

analysis of ,heavy metal such as Fe, Pb, Cr, Co, Mn, and Ni [9].  The other 

basic parameters were also analyzed such as pH, alkalinity, total hardness, 

total dissolved solids, turbidity, fluoride, dissolved oxygen. The water quality 

was analyzed and the variation was shown in fig 1 and fig 2.  Figure 1 and 

figure 2 show the variation of pH, fluoride, dissolved oxygen, BOD, and 

COD. With this aim to govern the quality of water samples, two tests were 

performed which is initially to evaluate the basic parameters of water using 

the water quality index and to analyze the metals using the heavy metal 

pollution index [10]. 

                             

 
    Fig. 1 . Water Sample Examination for different sample location 
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           Fig 2. Water Sample Analysis for different sample location 

 

3.3 Methods 
 

3.3.1 Quality Index (WQI) 
 

This was a very important tool to evaluate the quality of water intake by 

the people in the urbanized area [11][12]. This list comprised of a weighted 

number of supplements, isolated by the amount of the loads duplicated by 

two coefficients identified with temperature and the contamination of a 

conduit [13][14]. This will reflect the influence of different parameters in 

water which will be considered for the index calculation [16][17]. In this 

quality had been analyzed by considering the acceptable and permissible 

limit of standard drinking water [20][21]. The given equation 1 was used to 

evaluate the relative weight of the water parameter. Table 1 shows the 

calculated weight of the water parameter taken for quality analysis. 

 

 

                 WI = 
  

∑    
   

     (1)  

 

Where, 

 

Wi is the general mass is determined utilizing condition 1, n is the 

quantity of boundaries, wi is every boundary weight [12], 
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                          Table. 1. Calculated Relative Weight 

 

Water 

parameters 

BIS Standard 

Values 

Weight of each 

parameter 

 

Relative 

weightiness 

Wi 

pH 6.5-8.5 4 0.090 

Alkalinity 600 2 0.045 

TDS 500-2000 5 0.113 

Turbidity 10 2 0.045 

Fluoride 1.0-1.4 3 0.090 

TH 300-600 3 0.045 

DO 4.0 4 0.068 

BOD 3 2 0.068 

COD 250 4 0.090 

Iron 0.3-1.0 2 0.045 

Lead 0.01 2 0.045 

Chromium 0.05 5 0.113 

Cobalt - 2 0.045 

Manganese 0.1-0.3 2 0.045 

Nickel 0.02 2 0.045 

  ∑wi=44 ∑Wi=0.992 

 
 

   The given equation 2 was used to calculate the sub index of the 

parameter of water. And finally the equation 3 gives the total quality index of 

the collected water sample. 

 

        SIi = Wi × qi             (2) 

 
Where, SIi is the number of parameters sub-index of the which is calculated 

using equation 2, relative weight, quality rating is given by qi. 

 

                       WQI  ∑     
        (3) 

 
3.3.2 Heavy Metal Pollution Analyzing Index 

 

This addresses the absolute nature of liquid regarding substantial 

metals. The HPI depends on the weighted number juggling value mean 

technique and created in 2 stages. Initially by building up a evaluation 

measure for each chose boundary giving weightage and second by 

choosing the contamination boundaries on which the list is to be based. 

The rating framework is a discretionary worth somewhere in the range 

of 0 and 1 and its determination relies on the significance of individual 

quality fixations essentially or it tends to be surveyed by making 

esteems conversely relative to the suggested standard for the  
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comparing boundary[9]. This pollution index gives the arithmetic 

preeminence of water by considering the incidence of heavy metal in 

the water and the equation to calculate the heavy metal pollution index 

was given below. 

 

                  HPI = 
∑       
   

∑    
   

   (4) 

 
Qi is the sub-index parameter n is the sum of parameters Taken for 

analyzing, wi is each parameter weight,  

 

Qi, which was sub-record of the boundary is determined by equation 5, 

 

                         Qi = ∑
[     ]

[     ]

 

   
         (5) 

 

Where, 

The monitored rate of heavy metal was Mi, idyllic value was taken as Ii 

as per the standard value of WHO, standard value Si. By using this HPI 

analysis we are estimating the range of the heavy metal. The HPI range is 

100. If the range of heavy metal is (<100) it is portable and (>100) is not 

portable[18]. 

 

 

4 Results and Discussion 

 

Indexing for all the sampling locations was calculated for the dumping 

yards and factories, using equations 1 to 4. The WQI for all the sample 

locations and their suitability was arranged in Table 2 and a graph is plotted 

for the interpretation shown in figure 2 WQI for 10 samples have been 

calculated and water classification or suitability was determined (Table 2) 

accordingly. The study shows that no sample location comes under the “very 

good”. The outcomes express that about 50 % of the water samples were in 

the range of good, and 40% of the samples were under poor range and 10% 

of the analyzed sample was under “very poor” range. Table 3 shows the 

index of water quality for different sample locations and the variation was 

plotted in the graph shown in fig 3 and fig 4. 
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            Table 2. water quality index for collected samples 

 

   

 

 

 

 

 

 
 

 

 

 

 

 
               Table. 3. Interpretation of WQI 

 

 

 

 

 

 

 

 

 

 

  

 Table 2 and Table 3 give the rating of the quality of water for the 

selected area. The result shows that the quality of water was poor for the 

samples S1, S3, S5, S6, S10. These selected areas were near the damping site 

and polluted water discharge area, so the water gets contaminated due to the 

continuous accumulation of the polluted water. The other sample’s quality 

was good when compared to other areas, at the same time these waters would 

contaminate in the future period. So several steps have to be taken to treat the 

discharged wastewater. 

 Figure 1 and figure 2 show the variation of water quality range and the 

variation of concentration of heavy metal, that determined using index 

analysis.  

 

 

 
 

Water samples WQI range Water quality rating 

S1 105.41 Poor water 

S2 80.92 Good water 

S3 131.08 Poor water 

S4 84.32 Good water 

S5 210 Very poor water 

S6 143.71 Poor water 

S7 92.29 Good water 

S8 73.74 Good water 

S9 73.19 Good water 

S10 184.11 Poor water 

Index range WQI rating 

Less than 50 Very good water 

Among 50 to 100 Affordable water 

Among 100 to 200 Not affordable Poor water 

Among 200 to 300 Not affordable Poor water 

 More than 300 

 

Not suitable for consumption 
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Figure 1 shows the WQI value was maximum for the sample S1, which 

indicate the quality of water not suitable for drinking and it’s been 

contaminated. 
 

     
 
          Figure. 1. Comparison between sampling sites Vs WQI values 

 

 

 

  
 

   

 

    Figure. 2. Graph showing the distribution of heavy metals to their HPI values. 

 

 Figure 2 shows the analysis of metal pollution index. It shows that the 

heavy metal concentration was increasing in the order Fe, Pb, Cr, Co, Mn, 

and Ni. Therefore, this graph shows that the amount of nickel was more 

when compare to the other metal in the collected water samples. 
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    Table. 4. Computation of HPI values for ground water samples 

 
Heavy metals Mean 

(Mi) 

Ideal  

Value 

(Ii) 

Standard 

Value 

(Si) 

Unit weight 

(Wi) 

HPI 

value 

Fe 0.1603 100 200 0.0019 10.41 

Pb 0.0169 10 50 0.0372 50.89 

Cr 0.044 50 20 0.0074 67.08 

Co 0.2319 10 50 0.0372 50 

Mn 0.261 100 50 0.0074 81 

Ni 0.027 70 20 0.0186 143 

    ∑wi=0.0182  

 

 The above table 4 listed the values of metals analyzed by indexing 

method. By using the pollution index method, the water samples were 

analyzed. The values from the result are added to find the mean value. The 

mean values of the concentration of heavy metal for the samples follows the 

below given order. It shows the decreasing order of metal 

 

Ni > Mn > Cr > Pb > Co > Fe 

 
Except Nickel all other heavy metals were in the desirable permissible 

limits according to WHO standards (2008) and Bureau of Indian standards 

(2012) [19][20]. Nickel is one of the wide rangemetals which was distributed 

in the environment which leads to health disorders like allergic reaction, 

embryo toxic effect and the other health disease were occur due to the 

presence of higher concentration of this metal. Inward breath of nickel is the 

most serious danger of creating medical conditions, as it turns out to be 

profoundly cancer-causing [15]. 

 

Conclusion 
 

The result of analyzed water sample quality shows that the metals 

concentration is in decreasing order (i.e) Ni > Mn > Cr > Pb > Co > Fe. By 

using the pollution index method, it was determined that metal nickel 

concentration was more when compared to the other metal chromium, lead, 

cobalt, manganese. Hence the accumulation of heavy metal concentration in 

the groundwater was more due to the discharge of untreated industrial 

wastewater into the environment, which was unsafe for aquatic life and 

human health. Heavy metal pollution index shows the Ni, Cr, Pb, and Fe 

seriously affects the health of aquatic life and human due to consuming the 

water. 
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