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ABSTRACT

Heavy metal contamination of soil of Jhajjar citly ldaryana is studied in the present work. Soil skespvere
collected from Jhajjar-Gurgaon road. Heavy metaisnf soil samples were extracted by using acid diiges
method and their concentration was determined loynat absorption spectroscopy (AAS). Concentratibfead
varies from 17.82 mg/Kg to 93.25 mg/Kg; Copper from00 mg /Kg to 74.13 mg/Kg; Zinc from 11.31 mdikg
71.93 mg /Kg; Cadmium from 0.28 mg/Kg to 4.08 mgaikd Nickel from 14.05 mg/Kg to 52.87 mg/Kg of.sail
Some physicochemical properties of soil like pHydtwtance, TDS and percentage organic carbon wése a
determined. Geo-accumulation inde¥.{l Contamination factor (¢ and potential ecological risk factor (RI) is
studied to assess the quality of soil. These irglsRewed that except Cd all other metals includcestudy were
below contamination level. Pearson’s correlationswalso applied on physicochemical properties andatse
concentration to study interrelationship.
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INTRODUCTION

In most of developing countries human activitidee lindustrialization, agricultural activities, aatobiles and
anthropogenic activities are leading to soil padimt A number of pollutants are added day by dayour
environment; heavy metals are one of them. Theynawee hazardous due to their persistency and teydeh
accumulation in biota. Exhaust emission and fos#l were identified as main source for metalliclytion
especially for road side soil. Fossil fuels contaiany kinds of heavy metals which are emitted dyrihe
combustion [1-3]. In road side soil, the wear offoatires, degradation of parts and greases, pephing and metals
in catalysts are all suspected as sources of haatgl pollution due to automobiles [4-6]. Somelwde metals like
Cu, Zn, Mn, Fe, Co, Ni are essential elementsdnittat high level [7]. Heavy metals like leaddo@aum, mercury
are toxic even at low concentration to the braidn&y, reproductive system and cardiovascular ay$8}.

To analyze the contamination of soil different gtiahl methods are in use, Pollution index is ofiéhem [9].
Contamination factor, pollution load index, enricmhfactor, ecological risk index, and geo-accutmaindex are
example of single indices. Geo-accumulation indexsied to quantify metals in soil and also thealtherisk grades
[10-11]. Potential ecological risk is the statiatitool used to determine ecological risk of heastals in soils by
using toxic response factor of each metal.

In the present study geo accumulation index, coimation factor and potential ecological risk indgas
determined for Pb, Cu, Zn, Cd and Ni. The main cibjes of this study are: 19 determine if concentration of any
metal exist up to toxic level in environment, 2)gtudy Interrelationship of these heavy metals with sortieeio
parameters of soil.
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EXPERIMENTAL SECTION

i) Sampling Site

Jhajjar district came into existence on July 13719t was carved out of Rohtak district. It camreler Hot and
semi Arid South Eastern Agro climatic Zone. Thdriislies between 28° 19’ to 29° 18’ North latiruénd 76° 13’
to 77° 13’ East longitudes. It is surrounded by R&hdistrict on the North, Rewari and Gurgaon distrin the
South, the National Capital Delhi in the East andwBni district in the West. The farming sector dgdis
undergoing to a dual nexus of stress in agricultihe soil is classified as alluvial having loanaynd texture.

ii) Sample collection

Three locations were selected randomly on Jhajjmg&n highways of Jhajjar city. Samples were ctdig from
road side soil designated as R1, R2, R3 and agrraliland designated as F1, F2 and F3. Samples eadlected in
the month of March, July and November of year 2848 2014. Soil samples were taken from three degitbach
site i.e. 0-5 cm, 5-10 cm and 10-15 cm. Ten saii@as were collected from each site and mixed tinginty to get
uniform sample. These samples were stored in pamgtbags and brought to laboratory for furtherystud

iii) Extraction of metal from soil samples

In the laboratory soil samples were air dried aedtéd in oven at 100° C till constant weight. Theye powdered
and passed through 2 mm sieve to get uniform coitiposThen 5 g of soil sample was taken in 25Cedker and
50 ml distilled water, 5 ml HCI and 0.5 ml HN@as added to the beaker. Beaker was covered witthvglass and
heated on hot plate until 15 ml left. Cooled thiion and filtered through whatman filter paper.M@. Volume of
solution was made 50 ml by using double distilleater [12-13]. Each sample was prepared in tripicBtank was
also prepared by using same chemicals but withoilit All apparatus were washed with 2% nitric aeidd then
with double distilled water. All chemicals used wef AR grade.

Atomic absorption spectrophotometer AAS-4141 (E€cEbnics Corporation of India Limited) equippediwa

deuterium lamp for background correction was useddetermination of heavy metals. Standards weepgred
either by using pure metal or by using their sdtge standard solutions of different concentragiamlinear range
were prepared for each metal.

pH and conductance of soil was measured by prgparsolution of 20 g soil in 100 ml double distlleater (ratio
of 1:5). It was stirred for 15 minutes and thert tef settle down for an hour. pH was measured lixyyguEutech
instrument pH 510 meter and conductance was mehbyrasing microsil conductometer.

Statistical analysis was done by using EXCEL anifl IBPSS-20. Statistical significance was determiat85%
confidence level.

iv) Pollution indices and statistical analysis

a)Geo accumulation index (Jeo)

Geo accumulation index is used for assessmentilofsality. It was developed for the global starilahale values
[14]. The formula used for the calculationlgéois expressed as follows:

Igeo=log, (Cn/15 Bn)

Here,Cn is the measured concentration in the soil for met&n is the background value for the metaland the
factor 1.5 is used because of possible variatidiseobackground data due to litho-logical varintoThe quantity
Igeois calculated using the global average shale [d&fa

b)Contamination Factor _
This is a single pollution index, based on the galaf the Concentration of metal in soil. Contartiarafactor ()
of each metal in the soil was calculated as:

i
Cf - Cm Sample/ cm Background

Where, G, sample Was measured concentration of heavy metal in @i G, gackgrouna WaS the average shale
concentration of the metal.

c)Potential ecological risk index

This index is used to determine the overall conteatidn level of soil. It was assessed accordingakanson [16]
to know the toxic level of metal and response aoffemment. The calculating method is given below-
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E, =T, xC;
RI=YM,E,

Where E is ecological risk factor for a single metal and iB potential ecological risk factor for overall
contamination. & is contamination factor for metal!; Ts the metal toxic response factor according téataon
[16], values for different metals are as- Zn =1,<CNi = Pb = 5, Cd = 30.

d)Pearson’s correlation
Pearson’s correlation coefficient is a statistitadl to determine variation of matrix of heavy metamd some
physicochemical parameters. It is used to detectiaear relationship between two quantitative abhes.

RESULT AND DISCUSSION

i) Descriptive analysis of soil samples

Total 108 soil samples were collected from six tmees and each sample was in triplicate. Heavy meta
concentration of lead, zinc, cadmium, copper anckdliat different location with physicochemical pesties of
soil is given in Table-1. Conductance of soil sagsplary from 0.17 mS cfrto 0.83 mS ci with an average value
of 0.38 mS cnl. Total dissolved solid (TDS) was measured, vakuged from 0.11 ppt to 0.55 ppt with an average
value of 0.25 ppt. pH shows slightly alkaline natof soil. It varies from 6.75 to 8.29 having o\kaxerage value
7.49. Percentage organic carbon of soil varies fdad % to 2.49 % having mean value of 1.05%.

Table-1: Some physicochemical properties and conceation of heavy metals (mg/Kg of dry soil) presentn soil

Month Site | Conductance (mS én| TDS (ppt)| pH| % O.C| Cu Zn Cd Pb) Ni
R1 0.46 0.30 8.29 0.11 24.03 29.34 0J76 4228 29.53
R2 0.51 0.34 7.5] 0.13 20.70 25.08 0,57 3970 15.59
Mar-13 R3 0.24 0.16 7.54 0.12 28.53 16.93 047 3701 28.46
F1 0.23 0.15 7.5] 1.84 17.97 1387 044 3891 26.58
F2 0.18 0.12 7.42 1.93 17.00 2556 043 3521 20.60
F3 0.64 0.42 7.81 1.59 23.05 1745 0p6 3506 1574
R1 0.67 0.44 8.15 0.16 26.49 2848 130 7525 29.89
R2 0.31 0.20 7.26 0.19 2265 1693 0[73 6883 32.45
Jul-13 R3 0.43 0.28 7.55 0.15 26.63 4054 030 5396 37.55
F1 0.29 0.19 7.9Q 1.06 54.66 25.13 028 1782 24.88
F2 0.32 0.21 7.23 1.30 33.05 11.81 045 6307 14.05
F3 0.45 0.29 7.17 1.55 2514 1261 039 7411 20.09
R1 0.35 0.23 7.69 0.33 29.13 40.87 0p1 6355 3B.95
R2 0.60 0.39 6.75 0.79 40.21 2584 1[71 5612 31.76
Nov-13 R3 0.21 0.14 7.15 0.60 36.32 30.57 104 5237 21.30
F1 0.23 0.15 6.99 141 37.92 21.26 0091 4676 28.47
F2 0.23 0.15 7.39 1.50 3795 2256 081 5748 31.90
F3 0.32 0.21 7.65 1.82 40.35 37.03 094 6091 23.63
R1 0.36 0.23 6.98 0.64 36.62 4426 1/00 7122 3457
R2 0.24 0.16 7.39 0.41 52.9 3155 129 6543 34.18
Mar-14 R3 0.23 0.15 7.73 0.58 52.40 55.29 089 7242 37.86
F1 0.23 0.15 7.79 1.38 3414 30.87 124 6858 30.26
F2 0.40 0.26 7.56 1.85 33.23 3287 127 6153 30.82
F3 0.33 0.22 7.21 1.55 3173 2145 149 5834 38.55
R1 0.17 0.11 7.46 0.38 64.82 4323 1,69 6592 41.25
R2 0.53 0.34 8.18 0.46 66.44 63.84 129 6757 49.85
Jul-14 R3 0.75 0.49 7.8Q 0.55 7413 69.09 3p4 7722 32.09
F1 0.37 0.24 7.4Q 1.55 59.82 50.y5 0/65 7410 34.24
F2 0.38 0.25 7.77 1.69 58.96 59.67 107 6643 4125
F3 0.83 0.55 7.4Q 2.15 65.60 49.89 1,63 7307 50.83
R1 0.29 0.19 7.52 0.54 65.19 70.47 2/67 6621 52.09
R2 0.58 0.38 7.01 0.12 65.93 65.21 234 9302 48.81
Nov-14 R3 0.38 0.25 7.11 0.30 65.17 69.24 408 9290 50.06
F1 0.29 0.19 7.37 2.38 69.88 54.01 2094 9325 52.87
F2 0.31 0.20 7.33 2.49 60.92 50.02 1096 7918 50.66
F3 0.28 0.18 7.83 2.29 68.39 7193 291 7613 31.13
Average 0.38 0.25 7.49 1.05 43.%59 38/12 1]29 62.33.55
Standard Deviation 0.17 0.11 0.35 0.76 18/02 1§.€195| 17.31] 10.84
Target level* 36| 140 0.8 85 3b
Intervention level*| 190] 720 12 53p 210

*Dutch Target and Intervention Values, 2000[18]
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Concentration of Cu ranged from 17.00 mg/Kg to 34nig/Kg with average value 43.59 mg/Kg; Zn rangeaf
11.31 mg/Kg to 71.93 mg/Kg with average value 381dKg; Cd ranged from 0.28 mg/Kg to 4.08 mg/Kghwit
average value 1.29 mg/Kg; Pb ranged from 17.82 mgdk93.25 mg/Kg with average value 62.25 mg/ Kd Bin
ranged from 14.05 mg/Kg to 52.87 mg/Kg with an agervalue of 33.55 mg/Kg. Overall average concéatraf
heavy metals decreased in the order Pb > Cu > Kin> Cd. Concentrations of heavy metals excepa@d Zn
were below those measured in road side soil of &glaryana-India [17].

Comparative account with Dutch soil standards slabtlvat only Copper and Cadmium were above tardaevaut
concentration of all metals were below interventiatue.

i) Geo accumulation index (§e)
According to Singtet al.,[19] the intensities for geo-accumulation indexe@)y of element as per their values are
classified into seven different classes as givehaible-2.

Table-2: Geoaccumulation index (geo) for heavy metal contamination of soil

Igeoclass| Igeovalue Contamination level
0 lge< O Background Concentration
1 O<lgeo<1 | Uncontaminated
2 1< lgeo<2 | Uncontaminated to moderately contaminated
3 2<lgeo< 3 | Moderately contaminated
4 3<lIgeo<4 | Moderate to Highly contaminated
5 4<lgeo<5 | Highly Contaminated
6 5<lIgeo Severely contaminated

In present study average shale concentration vkas tas background value, which has Cu 45mg/Kg; Zm@/Kg;
Ni 68 mg/Kg; Cd 0.3 mg/Kg and Pb 20 mg/Kg of s@illerage concentration of metals at each site weesmhéned
and compared with average shale value to measwea@mulation index at different site and showtabie-3.

Table-3: Contamination level of soil in terms of ge-accumulation index of different heavy metals

Site | becCU | ke Class| decZn | ke Class| decCd | ke Class| decPb | kecClass| decNi | lge Class
R1 -0.71 0 -0.94 0 1.55 2 1.09 2 -1.47 0
R2 -0.60 0 -1.05 0 1.55 2 1.12 2 -1.93 0
R3 | -0.51 0 -0.96 0 1.93 2 1.1 2 -1.96 0
F1 -0.56 0 -2.05 0 1.26 2 0.97 1 -1.63 0
F2 | -0.75 0 -2.01 0 1.15 2 1.01 2 -1.649 0
F3 -0.67 0 -1.95 0 1.55 2 1.07 2 -1.947 0

It was observed that Cu, Ni and Zn at all sitesenleelow contamination leveUncontaminated to moderately
contaminatedevel was observed in Lead and Cadmium.

iii) Contamination Factor (C'y) _
Contamination factor is a single index used to meitee the contamination of soil. Thé €alues and contamination
level of the soil are presented in Table-4.

Table 4: Contamination categories of soil based ofs

Class G Contamination level
1 Ci<1 Low contamination

2 1< C;< 3 | Moderate contamination

3 3 < C <6 | Considerable contaminatign

4 C;>6 High contamination

In the present work contamination factor was deiteethby taking average shale value as backgroundectration
of heavy metal in soil. Contamination level of stuatea is presented in figure-1. High contaminatbtead and
cadmium was observed at all sites.
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Figure-1: Contamination factor of heavy metals meaged at different site

iv) Potential ecological risk index
Ecological risk index and Potential ecological risllex are categorised in five and four categor@spectively as
given in Table-5.

Table-5: Different categories of Ecological risk idex and Potential ecological risk index.

E, Grades of ecological risk of metal RI Grades dafrall risk of contamination
E: <40 Low Rl < 150 Low
40 < E, >80 Moderate 150 < RI >30! Moderate
80 < E, >160 Considerable 300 <RI>6Q0 Considerable
160 < E >320 | High 600 <RI Very high
320< B Very high

Value of Ecological risk index and Potential ecadad) risk index of metals of study area are giverTable-6. It
was observed that average monomial risk factoafiogelected metals except Cd were below 40 whidicate low
risk to surroundings. For cadmium it is 129.25 vkhghow considerable contamination of the metal. dWerall
Potential ecological risk index was within the rangf 122.06 to 196.48 with an average value of @%2vhich
indicate moderate contamination of soil.

Table-6: Ecological risk index and Potential ecoldgal risk index of different metals in study area

Site Cu Erfologmgldnsk mdPel;( Ni Potential ecological risk inde

R1 458| 0.78] 132.11 16.02 2.11 156.21

R2 4.97| 0.72] 132.06 16.28 2.61 156.63

R3 5.25| 0.77) 171.83 16.08 254 196.48

F1 5.08| 0.36| 107.67 14.14 2.42 129.67

F2 4.47| 0.37] 99.78 15.1p 2.32 122.06

F3 4.71| 0.39] 132.06 1578 2.21 155.09
Average| 4.84] 0571 12926 1546 247 152.68

v)Pearson’s correlation
Pearson’s correlation was studied between heavsloehcentrations of soil which may contribute imcgdation of
common source of metals. Some significant cor@ativere obtained between metals shown in Table 7.

Table 7: Correlation coefficients of heavy metal aocentration of soil

Cu zZn Cd Pb Ni

Pearson Correlatior 1

Cu | Sig. (2-tailed)
N

108
Pearson Correlatiof .701] 1
Zn | Sig. (2-tailed) .000
N 108 108
Pearson Correlatiof  .600| .606 1
cd [ Sig. (2-tailed) .000| .000
N 108 108 108
Pearson Correlatiof  .530] .523" | .530° 1
Pb [ Sig. (2-tailed) 000] .000] .00d
N 108 108 108 108
Pearson Correlatiof  .581| .598 | .497 | .497" 1
Ni | Sig. (2-tailed) .000 .000 .00(Q .00
N 108 108 108 108 108

**_Correlation is significant at the 0.01 level«diled).
*. Correlation is significant at the 0.05 level {28Hed).

633



Urmila et al J. Chem. Pharm. Res., 2016, 8(5):629-634

Source of contamination may be automobiles adhallé metals are the part of automobile; Zinc asngponent of
galvanizes parts of vehicle, lubricating olil, tyresad by gasoline; Copper as mechanical part.ugy dombustion
and wear and tear of vehicles these metals deposiil. Lead free fuel is used now a days but leduch is
already deposited, still present in the soil.

CONCLUSION

The result showed contamination of soil but beldw intervention level i.e. when remediation is rssegy.
Cadmium contamination is highest among all metaldisd. Geo accumulation showed moderate containinat
lead and Cadmium. The monomial ecological riskdad in the order Cd> Pb >Cu >Ni >Zn. Cd poseshigk to
ecosystem with a value &, 129.25. Potential ecological risk index providedoanbined effect of pollutants and
showed a moderate contamination of soil. Significemrrelation between metals may be due to themmon
source.
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