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Abstract
This study was conducted to assess heavy metals concentrations in 
agricultural soils in the National Capital Region, Delhi. A total of 84 soil 
samples were collected from selected agricultural areas located near 
industries, national highways, state highways, Yamuna floodplain, residential 
complexes, and wastewater irrigated soils. Heavy metal concentrations, 
pH, and organic carbon (%) were analyzed in the collected soil samples. 
The average value of pH, and organic carbon (%) in the soil samples were 
7.79±0.49 and 0.53±0.17 percent respectively. Average concentrations of 
heavy metals (mg kg-1) in the agricultural soils were found in the order of 
Fe > Al > Mn >  Zn > Ni > Cr > Cu > Pb > Co > Cd with value as 14916.92, 
13538.87, 277.16, 74.53, 35.34, 33.68, 22.94, 18.45, 1.88, and 0.92.  
The concentrations of Zn, Ni, and Mn reported in the present study were 
several times higher than their concentration in Indian natural background 
soils. A significant potential ecological risk has been noticed in nearly 
all the agricultural soil samples except for the samples collected nearby 
residential areas. The contamination factor has shown that most of the soil 
samples were moderately contaminated with Mn, Ni, Fe, and Cr and some 
soil samples were considerably to strongly contaminated with Zn, Pb, Cd, 
and Ni. Wastewater irrigated soils showed a moderate to a strong degree 
of accumulation of Zn, Cd, and Ni.
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Introduction
Indian economy is agriculture based; employing 42 
percent of the population and with average Indian 

spending about 45 percent of its expenditure on 
food.1 Haryana is one of the fastest-growing states 
of India and is a part of the economically important 
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national capital region of the country. The state 
is also known as the “Bread basket of India” as it 
contributes to 60 % of the total basmati rice export.2 
Rapid industrialization in the state has resulted in the 
immigration of a large population to the area which 
led to unregulated usage of natural resources. These 
factors have contributed to an increased level of 
pollution in the environment during recent decades. 
As there is no boundary line of the environment, 
pollutants such as persistent organic pollutants, 
particulate matters, volatile organic compounds, 
polyaromatic hydrocarbons, heavy metals, etc., 
pass from one medium to another. The lead emitted 
into the atmosphere by leaded petrol had left its 
residues on plants, soil, and water.3-5 Although all the 
pollutants are harmful but heavy metals exposure to 
humans may cause serious health issues.6 Heavy 
metals are entering agricultural soils through air and 
water pathway and increasing the chances of human 
exposure to them.7

 
The industries along with increasing population 
are playing a major role in emitting heavy metals 
in the natural environment through solid and liquid 
waste discharge, on land and water bodies.8, 9 The 
use of wastewater for irrigation and sewage sludge 
as manure in agricultural fields has resulted in 
increased levels of metals in soils.10, 11 Application 
of animal manure in the agriculture also caused 
heavy metals enrichment in agricultural soil.12 Illegal 
discharge of the wastewater into natural water bodies 
and soil ecosystems is a contributing factors for high 
concentrations of heavy metals in agricultural soils to 
a large extent.13 Agricultural activities (like application 
of pesticides and fertilizers spray) also contribute 
heavy metals in agricultural soils.7

Soil, which is an important natural resource, serves 
as the basis for food production. It also acts as a 
natural filter to remove pollutants from the water 
which infiltrates down into the underground water 
reservoirs. Heavy metals present in agricultural 
soil can leach into groundwater; the use of this 
contaminated groundwater will further increases the 
concentration of heavy metals in vegetables if used 
for irrigation.14, 15 The vegetables cultivated in heavy 
metal contaminated soil have shown accumulation 
of the metals in their edible parts.16,17 The change 
in physical factors like pH and cation exchange 
capacity with time may change bioavailability of 
heavy metals to growing crops.18 The application of 

compost can increase the uptake of the metals by 
the plants.19 These heavy metals may enter human 
beings through the ingestion of contaminated 
food.20 The heavy metals present in vegetables 
may pose serious health issues like effect on the 
nervous system and kidneys.21 The present study 
was conducted in the National capital region 
(NCR), Delhi, India during 2017-18. In this study, 
heavy metal contamination in agricultural soil was 
evaluated as this area is characterized by high 
industrialization and intensive agricultural activities. 
This area is in a highly developing stage due to high 
industrialization. High population pressure has also 
resulted in the discharge of waste in the Yamuna 
river and nearby drains which are used for irrigation 
purposes that may cause high levels of heavy 
metals in the agricultural soils. Literature related to 
assessment of heavy metals in the agricultural soil 
of this region was very limited. This study has been 
carried to assess the heavy metals concentrations 
in agricultural soils and their potential ecological risk.
 
Materials and Methods
Description of the Study Area
The National Capital Region (NCR) of India 
is the 2nd largest urban agglomeration in the 
world. Haryana contributes 48.93 percent (28,545 
Km2) area of this NCR (58,332Km2) with 13 
districts.22 Industrialization in the NCR of Delhi is 
growing at a rapid pace. Four districts (Panipat, 
Sonipat, Gurugram, and Faridabad) of the NCR, 
Delhi have been selected for the present study  
(Table 1, Figure 1). This region lies in the green 
revolution belt of the country. Horticulture is done 
on nearly 28.36 percent of the study area and the 
crops grown in this area include cereals, pulses, 
fruits, and vegetables. The study area is having more 
than 60 percent of the total industries of Haryana. 
The different types of industries located in the area 
include metal and mineral-based, agro-based, 
electrical machinery, engineering units, repair and 
servicing, textile, auto parts, rubber, plastic, petro 
based motorcycle parts, diesel engines, etc.23 The 
emission from these industries can contribute to a 
significant concentration of heavy metals pollution 
in the surrounding area. Therefore, there is a need 
to assess the impact of industrialization in the 
area. Thus, considering the above point, the heavy 
metals concentration in agricultural soil samples was 
assessed in the present study. 
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Collection of Soil Samples and Analysis
A total of 84 agricultural soil samples were collected 
from selected agricultural fields of NCR, Delhi, in 
such a way that the effect of various industries, 
national highways (NH), state highways (SH), 
Yamuna floodplain (NY), residential complexes 
(Res.), etc. on vegetable contamination can be taken 
into consideration. The sampling was done from May 
2017 to February 2018. A 10 x 10 x 15 cm monolith 
was dug for a soil sample collection from five different 
locations in a field. Approximately 2 kg of agricultural 
soils were collected in zip-lock polybags and were 
brought to the laboratory.17 

For analysis of a soil water suspension (1:2.5) was 
prepared, and the pH was measured by dipping 
the pbobe of a digital pH meter in the suspension.27 

Fig. 1: Map of the study area24-26      
     (sites located near industrial areas are marked in the map in red color, national highways in orange 

color, state highways in pink color residential in green, Yamuna floodplain in blue color, and 
Wastewater irrigated in black color)

Table 1: Description of the study area 

Location	 Latitude	 Longitude	 Soil type

Panipat	 29°09’ 15” & 29° 27’ 25” North	 76° 38’ 30” & 77° 09’ 15” East	 loamy to sandy loam
Sonepat	 28°48’30” & 29°17’54” North	 76°28’30” & 77°13’40” East	 Fine loam and sandy
Faridabad	 27°39’ & 28°31’ North 	 76° 40’ & 77°32’ East 	 tropical and brown
Gurgaon	 27°39' & 28°32' 25’’ North	 76 ° 39' 30" & 77 °20' 45" East	 tropical and brown

Fig. 2: Digestion of soil samples for heavy 
metals analysis
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Walkley Black wet oxidation method was used 
for determination of soil organic carbon.28 The 
procedure for heavy metal analysis of soil has 
been shown in figure 2. 3 The concentrations of 
different heavy metals in the filtrate were estimated 
by atomic absorption spectrophotometer (Lab India 
AAS 8000). The glassware used in experimentation 
was washed with a 10% HNO3 solution and then 
with double distilled water (DDW). Analytical grade 
chemicals and reagents used were purchased from 
Merck Company, Germany. The instrument was 
calibrated with a blank and reference standard of 
heavy metals of different concentrations shown in 
table 2. Blank and standard were run after every 10 
samples for quality assurance; all the analysis was 
done in triplicate.

Table 2: Wavelength and concentration of 
standard of heavy metals in AAS analysis

Metal(s)	 Wavelength	 Standards	 R2

		  concentrations

Al	 396.152	 0.02-10 ppm	 0.99
Cd	 214.439	 0.02-5 ppm	 0.99
Co	 238.892	 0.02-5 ppm	 0.99
Cr	 267.716	 0.02-5 ppm	 0.99
Cu	 327.395	 0.02-5 ppm	 0.99
Fe	 238.204	 0.02-10 ppm	 0.99
Mn	 257.610	 0.02-5 ppm	 0.99
Ni	 231.604	 0.02-5 ppm	 0.99
Pb	 220.353	 0.02-2 ppm	 0.99
Zn	 213.857	 0.02-5 ppm	 0.99

Table 3: Classification of contamination factor

Level of	 uncontaminated	 Slight	 Moderate	 Considerable	 Strong	 Very
contamination						      strong

CF (Individual Metal)	 ≤ 0	 0  ≤ 1	 1  ≤ 3	 3 ≤ 5	 5  ≤ 6	 CF > 6

Assessment of Pollution Sources
Contamination factor, enrichment factor, and 
coefficient of variation were calculated for estimating 
the pollution levels of heavy metal in the soil samples 
collected in the present study.29, 30

Contamination Factor (CF)
The contamination factor is the ratio of a specific 
metal content (Ci) in the soil to the background value 
(Cb) of that metal in the soil, and was calculated as 
follow:

CF= Ci/Cib	 ...(1)

Background concentrations of heavy metals in 
Haryana Indo-Gangetic plains (Fe, Pb, Cu, Mn, 
Co, Cr, Zn, and Ni)  and world average values  
(for Al and Cd) are adopted in the present study. 
The background concentrations adopted for different 
heavy metals are given in Table 3. CF was classified 
into six classes as given in Table 3.29

Enrichment Factor (EF) 
EF is a very effective tool for elucidating potential 
pollution sources of heavy metals in agricultural soil 
samples. Equation 2 was used for finding out the EF 

values of heavy metals in the soil samples collected 
from NCR, Delhi.

EF = (Ci/CFe)Sample	 ...(2)
         (Ci/CFe)Crust    
 
Where, Ci = concentration of a specific heavy metal 
in the agricultural soil samples,
CFe = concentration of Fe in the agricultural soil 
samples and in continental crust (Fe concentrations 
in the continental crust was taken as a reference 
element). The classification of EF is given in table 4.

Table 4: Classification of enrichment 
factor30

EF Value	 Source of heavy metals

0.5-1.5	 crustal materials
EF >1.5	 anthropogenic processes

Coefficient of Variation (CV)
The coefficient of variation is used to explain 
the degree of human intervention. CV is directly 
proportional to human intervention i.e. the higher the 
range of human activities, the higher the coefficient 
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of variation will be. It has been classified in to three 
categories: low variation (CV < 0.15), medium 
variation (0.15 < CV < 0.36) and high variation (CV 
> 0.36), and is calculated as given in Eq.  3.30

CV= Standard Deviation/Mean	 ...(3)

Assessment of Soil Contamination
The contamination status of agricultural soils was 
assessed using potential ecological risk index 
(PERI). The ecological risk assessment is a 
technique used to identify the environmental impacts 
of heavy metals in soil and is calculated using Eqs. 4 
and 5. RI is the ecological risk index and is defined 
as the sum of the potential ecological risk index (Ei) 

of various metals present in the soil.30 Classification 
of PERI has been given in Table 5.

RI = ∑ Ei		 ...(4)

Ei = Ti (Ci / C0)	 ...(5)

Ei is the potential ecological risk index of an 
individual heavy metal present in the soil, Ti is the 
toxic response factor for heavy metals, (Ti value for 
different metals are as follow, Cd (30), Pb, Cu and 
Ni (5), Cr (2), and Zn (1)), Ci is the concentration 
of heavy metal i in the soils, C0 is the background 
concentration of heavy metals in Indian agricultural 
soils. 

Table 5: Classification of the potential ecological risk index

Risk (RI)	 Low	 Moderate	 Considerable	 High	 very high

Ei	 <40	 40 ≤ 80	 80 ≤ 160	 160 ≤ 320	 ≥320
RI	 ≤ 150	 150 < RI ≤ 300	 300 < RI ≤ 600	 --	 > 600

Statistical Analysis
The Pearson’s correlation coefficient (r), principal 
component analysis, and hierarchical cluster 
analysis were studied using the SPSS (version 
22.0) software.

Results 
Physico-Chemical and Heavy Metals Analysis
The pH and organic carbon are important parameters 
of agricultural soils as they control the bio-availability 
of heavy metals in soils. In the present study, the 
pH of the agricultural soils was found to be slightly 
alkaline with an average value of 7.79±0.49.  
The average value of organic carbon (%) content 
in agricultural soil samples was 0.53±0.21 percent. 

Average concentrations of heavy metal in the 
agricultural soil samples were found to be in the 
order of Fe > Al > Mn > Zn > Ni > Cr > Cu > Pb > Co > 
Cd. Average concentration and standard deviation of 
heavy metals in present study for Fe, Al,  Mn, Zn, Ni, 
Cr, Cu, Pb, Co, and Cd were 14916.92 ± 5221.93 mg 
kg-1, 13538.87 ± 4307.73 mg kg-1, 277.16 ± 128.96 
mg kg-1, 74.53 ± 42.88 mg kg-1,  35.34 ± 30.48 mg 
kg-1, 33.68 ± 21.47 mg kg-1, 22.94 ± 14.62 mg kg-1, 
18.45 ± 17.62 mg kg-1, 1.88 ± 1.49 mg kg-1, and 0.92 
± 0.41 mg kg-1, respectively. Range of the metals 
concentrations in the collected soil samples was 
observed as 5631-27109.99 mg kg-1 for Al, 6640.09-

32650.23 mg kg-1 for Fe, 16.45-221.88 mg kg-1 for 
Zn, 73.80-735.72 mg kg-1 for Mn, 9.65-127.21 mg 
kg-1 for Cr, 7.63-192.63 mg kg-1 for Ni, 5.12-70.43 
mg kg-1 for Cu, 0.31-80.13 mg kg--1 for Pb, and 0.15-
1.96 mg kg-1 for Cd, and ND-7.82 mg kg-1 for Co,.  
A detailed description of heavy metals concentration 
at different sampling sites has been shown in  
table 6. The results of the present study were 
compared with the background concentration of 
heavy metals (Fe, Pb, Cu, Mn, Co, Cr, Zn, and Ni) 
in the Indian soil and (Al and Cd) world’s average 
soil heavy metal concentrations.

Discussion
The pH of the agricultural soil samples collected in 
the present study was found to be alkaline. Excessive 
use of organic fertilizers and continuous cultivation 
of crops may have probably increased the pH value 
of agricultural soils.34 Generally, heavy metals have 
shown high solubility at low pH, so the alkaline 
pH in the present study is supposed to reduce the 
solubility of heavy metals in the agricultural soil. The 
availability of a particular heavy metal is governed 
by many factors like Cd can become bio-available 
in alkaline soil in the presence of calcium and zinc, 
which desorb the metals from soil particles.35 The 
values of pH reported here are in good agreement 
with others in the agricultural soil samples collected 
from Haryana and Uttar Pradesh states of India.36, 37 
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The average value of organic carbon (%) content 
in agricultural soil samples was 0.53±0.21 percent. 
This shows less application of crop residue, cow 
dung and decomposed animal waste in the fields.34 

Poor soil organic carbon decreases the microbial 
diversity and biomass of soil by reducing nutrient 
mineralization. Soil organic matter forms complex 
with heavy metals and hence controls the availability 
of heavy metals to the plants.38 Low organic matter 
content in the agricultural soils may increase metals 
uptake by the crops. The value of organic matter 
content in the present study was in agreement with 
the percent level of organic matter in the agricultural 
soil of Nigeria.39

Iron 
The concentrations of Fe in all agricultural soils were 
within the background limits of Indian agricultural 
soils except for one sample that was collected from 
the site S1 site. The concentration of iron in this 
agricultural soil sample was 32650.23 mg kg-1. The 
high concentration of iron in the soils may be due to 
the steel fabrication and machinery manufacturing 
industries situated near highways. The high 
concentration of Fe in the agricultural soils may be 
the result of the continuous use of inorganic fertilizers 
in agricultural fields.40 The application of compost 
and fertilizers also increases the Fe uptake by the 
growing crop.41 The concentrations of Fe reported 
here are higher than the concentrations reported 
by Punetha and Tewari in the agricultural soils of 
Morabadad district, India.42 The Iron concentration 
in the soil samples collected from agricultural fields 
on the Yamuna floodplain area in Panipat was also 
in good agreement with the earlier study.43 

Aluminium 
The aluminium concentration in all the soil samples 
was below the world's average background 
concentration of the metal. The maximum 
concentration of aluminium was reported as 
27209.99 mg kg-1 from the agricultural soil sample 
collected near the national highway (S1), which 
may be due to the presence of steel fabrication and 
machine manufacturing industries on highways.23 
Aluminum phosphide is also a registered pesticide 
for agricultural use in India, which can be a potential 
source of aluminium in agricultural land.44 

Manganese
Manganese concentration in all the agricultural 
soil samples was higher than the background 

concentration of Mn in Indian agricultural soils, 
except for the soil samples that were collected 
from the sites located near residential areas. Mn 
concentration was 2 times higher in the agricultural 
soils located near state highways. The high 
concentration of Mn in the soil sample collected near 
highways may be attributed to several industries 
located there, such as the steel industry, spring 
industry, non-woven bag-making machine industry, 
precast concrete structure, and machine parts.23 
Combustion of fossil fuel also contributes Mn in 
the environment. Mn is a constituent of a fungicide 
(Mancozeb) and MnSO4 is used as a fertilizer in 
agriculture.45 The Mn concentrations reported here 
were higher than the concentrations observed in 
agricultural soils of Panipat and Varanasi.15, 46  

Zinc
All the soil samples were having high concentrations 
of Zn, especially the wastewater irrigated agricultural 
soils had shown Zn concentration nine times higher 
than its background value. The drain water used 
for irrigation in the study areas is receiving city 
sewage and wastewater from different industries. 
The other reason for the high concentration of Zn 
in agricultural soils could be the application of Zn 
sulfate fertilizers.40 Zn concentrations reported here 
were higher than concentrations reported in previous 
studies.16, 47

Nickel
Ni concentrations in most of the agricultural soils 
were higher than its background concentration 
in Indian agricultural soil. This may be due to the 
application of inorganic fertilizer, sewage, and 
industrial wastewater in the agricultural soils.48  

 The concentration of Ni was 23.9 mg kg-1 and 
35.67 mg kg-1 in agricultural fields near national and 
state highways while 157.15 mg kg-1 in wastewater 
irrigated fields. Nickel concentration in soil samples 
reported here was more than the concentrations 
reported in India and the China.47, 49 

Chromium
A high concentration of Cr (127.21 mg kg-1) was 
found in one soil sample collected from wastewater 
irrigated agricultural field S7.  The high concentration 
of Cr in WWI soil may be due to the dumping of waste 
by printing and chemical industries in the drain.  
The mean concentration of Cr in the agricultural 
soils in the present study was higher than the 
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concentration of Cr in agricultural soils of India and 
East China.30, 50

Copper
Most of the agricultural soil samples were having Cu 
concentrations within the background value of Indian 
agricultural soil except, for one site (S7) that was 
irrigated by wastewater. The presence of Cu in this 
area may be attributed to the use of Cu-containing 
fungicides (copper sulfate and copper oxychloride) 
and the irrigation by sewage.44, 51 The concentration 
of Cu reported in the present study was several 
times higher than the concentrations reported in 
agricultural soils of Jagdalpur, Chhattisgarh State, 
India and of Marrakech in Morocco.10, 52

Lead
Concentrations of lead in the soil samples collected 
from national highways and state highways were 
found to exceed the background concentration of Pb 
in Indian agricultural soils. The mean concentration 
of Pb was almost three times higher in agricultural 
soils of national highways and two times higher 
in agricultural soils of state highways than its 
background concentration value, which is pointing 
towards the anthropogenic input of this metal along 
with its natural sources. The other sources of Pb may 
be different types of industry located near the national 
highways like automobiles, paint, metallurgical, and 
battery manufacturing industries.53 Pb get volatilize 
under high temperature and can travel a long 
distance from the source to the sink point. Pb is 
also found in phosphate and superphosphate rocks 
and has a strong binding with organic matter, which 
reduces its mobility.54 The concentration of Pb in our 
study was higher than the concentration of Pb in 
agricultural soils in the Huainan City of China and 
Amritsar city of Punjab, India.55, 56

Cadmium
The average concentration of cadmium in the 
agricultural soils in the present study was above than 
the world's average value. Nearly 4.5 times higher 
concentration of Cd (1.54 mg kg-1) was found in the 
soil samples collected from wastewater irrigated site 
S7 compared to its’ world average value. The high 
concentration of Cd in the soils was due to irrigation 
by a drain that receives water from printing, chemical 
industries along with city sewage. It has been 
reported in a previous study that sewage irrigation 

is responsible for Cd input in Indian soils.57 Another 
potential source of Cd in agricultural soil may be the 
use of Cd- containing fertilizers in the fields.58 The 
Cd concentration reported in this study was higher 
than the concentration reported in agricultural soils 
of China.47 The results reported here also showed 
similarities with the results reported from peri-urban 
Delhi and Southwestern China.59, 60

Cobalt
The concentrations of Cobalt in all of the collected 
agricultural soil samples were below the background 
value of Co in Indian agricultural soils. The cobalt 
concentrations reported here are higher than the 
values reported in Varanasi.49

Fig.3: Contamination factor for different heavy 
metals concentrations in agricultural soil 

samples

Heavy Metals Pollution Assessment
Contamination Factor
The contamination factor for agricultural soil 
samples has been calculated and shown in  
Figure 3. All of the agricultural soil samples were 
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found to be contaminated with the different types of 
heavy metals. The samples collected from industrial 
areas, state highways, and national highways were 
moderately to considerably contaminated with Cd, 
Pb, and Zn, respectively. A moderate to considerable 
level of contamination with Cd was found in the 
soil samples collected from the Yamuna floodplain 
whereas, wastewater irrigated soil samples were 
found to be highly contaminated with Cd, Ni, and 
Zn. Agricultural soil samples near residential areas 
were also moderately contaminated with Zn due to 
the application of zinc fertilizers. 

soils. The agricultural soils of east China had also 
shown enrichment with Zn, Cd, and Pb.30

Coefficient of Variation (CV)
Coefficient of variation was found in the order of Pb 
> Ni > Co > Cu > Cr > Zn > Mn > Cd > Fe > Al with 
values 0.96 > 0.86 > 0.79 > 0.64 > 0.637 > 0.58 > 
0.47 > 0.45 > 0.35 > 0.32. The high variation was 
seen for the heavy metals (Pb, Zn, Ni, Cr, Co, Mn, Cu, 
and Cd), pointing towards a significant contribution 
of anthropogenic sources in the study area for these 
metals. Medium variation was observed for Al and 
Fe, which indicates the minimum input of Al and Fe 
by anthropogenic sources. The CV for Pb, Ni, Cu 
and Cr obtained in our study was higher than the 
CV in agricultural soils of China.30

Fig.4: Enrichment factor for different heavy 
metals concentrations in agricultural soil 

samples

Enrichment Factor
Statistics of enrichment factors (EF) in the agricultural 
soils are shown in Figure 4. The average EF 
values in the agricultural soil samples followed the 
decreasing order of Zn > Cd > Pb > Mn > Ni > with 
average values 7.94, 5.82, 3.27, 3.12, and 2.78, 
respectively. Thus the agricultural soils in the study 
area are having high enrichment with Zn and Cd, 
while moderate enrichment with Pb, Mn, and Ni. 
The high EF value for these metals indicates the 
anthropogenic input of these metals in agricultural 

Fig.5: Ecological risk for different heavy metals 
concentrations in agricultural soil samples

Fig.6: Site-wise cumulative potential 
ecological risk
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Potential Ecological Risk Index (Peri)
Amongst the studied metals, PERI was calculated 
for Cd, Pb, Cu, Ni, Cr, and Zn and the results are 
presented in Figures 5 & 6. The value of PERI 
was found to be highest for Cd in all the analyzed 
samples. Moderate to considerable potential 
ecological risk (Ei) has been observed in agricultural 
soil samples collected from national highways, state 
highways, Yamuna floodplains, and industrial areas, 

whereas WWI soil samples showed a considerable 
potential ecological risk (Ei) due to the presence of 
Cd. The level of ecological risk index (Ri) was high 
for 75% of the soil samples irrigated with wastewater 
due to the presence of Cd, Pb, Cu, Ni, Cr, and Zn. 
Chen et al., 2019 has observed the considerable 
ecological risk due to Cd in agricultural soils of East 
China that was similar to the current study.30

Table 7: Pearson’s correlation matrix

	 Al	 Cd	 Co	 Cr	 Cu	 Fe	 Mn	 Ni	 Pb	 Zn

Al	 1									       
Cd	 .631**	 1								      
Co	 .442**	 .521**	 1							     
Cr	 .433**	 .497**	 .050	 1						    
Cu	 .433**	 .640**	 .244*	 .854**	 1					   
Fe	 .679**	 .641**	 .275*	 .328**	 .341**	 1				  
Mn	 .227*	 .457**	 .419**	 .451**	 .498**	 .160	 1			 
Ni	 .321**	 .477**	 -.028	 .764**	 .705**	 .331**	 .214	 1		
Pb	 .160	 .403**	 .485**	 .305**	 .500**	 .102	 .573**	 -.024	 1	
Zn	 .281**	 .558**	 .191	 .747**	 .787**	 .151	 .495**	 .770**	 .262*	 1

**. Correlation is significant at the 0.01 level.

Table 8: Princial Components Analysis 
(Varimax with Kaiser Normalization)

Heavy metals	 Factor 1	 Factor 2	 Factor 3

Al	 .210	 .858	 .130
Cd	 .420	 .683	 .400
Co	 -.131	 .465	 .707
Cr	 .890	 .202	 .153
Cu	 .830	 .241	 .366
Fe	 .154	 .888	 -.009
Mn	 .369	 .045	 .749
Ni	 .897	 .231	 -.156
Pb	 .139	 .022	 .875
Zn	 .877	 .078	 .251
Eigen Value	 3.471	 2.368	 2.249
%of Variance	 34.711	 23.679	 22.49
Cumulative%	 34.711	 58.389	 80.879

Fig.7: Dendrogram showing heavy metals 
clustering in NCR, DELHI, India

Correlation, Cluster and Factor Analysis
Pearson correlation analysis was performed between 
heavy metals, and a close association between 
heavy metals has been observed (Table 7). A strong 
positive correlation was observed between Cd, Fe, 

and Al, which indicates their common source of origin 
i.e. crustal. Ni showed a positive correlation with Cr, 
Zn, and Cu, suggesting that the potential source of 
these metals in agricultural soils is anthropogenic. 
Pb was significantly and positively correlated with 
Mn and Co, which intimate their vehicular source 
of origin. A comparison of principal components 
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analysis (PCA), loading, and the cumulative 
percentage for varimax normalized matrix and factor 
scores for different agricultural sites are shown 
in Table 8. There were three components with an 
eigen value greater than 1 after varimax rotation, 
which indicates the presence of multiple sources 
of heavy metals in the NCR. PCA and dendrogram 
analysis suggested the formation of three primary 
cluster pairs are Ni-Cr-Zn-Cu, Fe-Al-Cd, and Pb-Mn-
Co (Figure 7). In the Principal component analysis, 
factor 1 contributed to 34.71% of total variance with 
a high loading of Ni, Cr, Zn, and Cu which indicate 
their common source of origin i.e. industrial. Factor 2 
contributed to 23.68% of total variance with the high 
loading Fe, Al, and Cd suggesting their agricultural 
and crustal source of origin. Factor 3 contributed to 
22.49% of total variance with the high loading of Pb, 
Mn, and Co, suggesting a vehicular source of origin.

Conclusion
The significant potential ecological risk has been 
noticed in nearly all the agricultural soil samples 
except for the samples collected nearby residential 
areas. Wastewater irrigated soils had shown the 
highest level of contamination due to the presence 
of heavy metals. All soil samples were enriched 
with heavy metals like Zn, Mn, Pb , Cd, and Ni with 
moderate to a strong level of contamination. The soil 
samples collected from the S7 site of the Sonepat 
district were strongly contaminated with Cd, Ni, and 
Zn.  Thus we can say that the use of city’s drain water 
for irrigation has resulted in a high concentration of 

heavy metals (Zn, Cd, Ni, Cu, and Cr) in the soil 
samples, and cultivation of vegetables/cereals in 
such soils may result in the bioaccumulation of 
heavy metals in them. The Potential Ecological 
risk index was found to be considerable due to 
Cd. Based on EF, CV, and statistical analysis, it 
may be concluded that anthropogenic sources 
of heavy metals (metal industries, sewage water, 
the use of phosphate fertilizers, etc.) in the study 
area are contributing a significant amount of heavy 
metals in agricultural soils. From the results of this 
study, it can be concluded that a large-scale level 
monitoring plan is necessary to evaluate the levels 
of metal concentration in agricultural soils of NCR, 
DELHI. Government agencies should develop some 
strategies to reduce the input of heavy metals in 
the agricultural soils from anthropogenic sources. 
A further study of heavy metals in vegetables grown 
in this type of area is highly recommended.
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