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ABSTRACT

Heavy metal concentration in soil of industrial aref Rohtak District was measured to access thHegsaility and
statistical methods were applied for comparing heawetal accumulation. Soil samples from differdatessof
industrial area, Hisar Road Rohtak were analyzedtmymic absorption spectrophotometer to find cotredion of
selected heavy metal namely: Cu, Zn, Pb, Cd anepiimized the instrument settings and nebulizeitrots for
each element so that characteristic concentratibmetal is + 20 % of manufacturer specificationsggision of 10
measurements is5% (preferably<2%) the optimization process. A coefficient of aade of replicates was less
than 2% for all elements. PCA shows first three ponents of 10 assessed contribute for 62.71% efativ
variability in data. PC1 shows high loading of pHIDS, conductivity and Cd which was might be due to
anthropogenic or industrial and traffic activitie®C2 shows high loading of Pb, Zn, and Ni and matddy loaded
by Cu which was might be due to geogenic sourcdssapplemented by solid waste disposed by indasti3
shows high loading of Zn, Cu which was due to ‘emmrin geochemical nature of the soil. The mdeglli source
for accumulation of heavy metal in soil near toustties was local industrial activities supplemehts vehicular
emissions. The Pearson correlation coefficientshese metal under p < 0.01, such as Pb, Zn, Cdardi Cu
suggests that contamination takes place due toraptiyenic activities besides the natural componehthe soil.
There is positive correlation between few meta i (r=0.383, p=0.01), Cd (r=0.397, p=0.01) witiHpof the
soil. A significant positive correlation (R 0.001) between metal and different parametersun ease further
substantiates this view.

Keywords: Industrialization; Surface soil samples; metaitemination.

INTRODUCTION

The native concentration of heavy metal depends ugevlogical parent material composition [1]. Blé tsoil
quality deteriorates due to various anthropogerttiviies. Most of the problems of soil contamimeti are
associated with large amount solid waste contaihiegvy metals which are disposed on the soil reardustries
and vehicular emission on nearby roads[2-3]. Thepusition of dumps varies from site to site an@ alspends on
peculiarity of the neighborhood. Moreover the spislity variation greatly influences the availalyilof metal in the
soil. Industrial activities, mining, fossil combigst, waste spills, power generation are the maimrco of metal
contamination in the soil [4-7]. As soil is a dyniamand complex system where any change in the pbgsemical
characteristics would severely alter the fate afyemetals in soil. Among the various parametek$, PDS and
conductance are construed of primary importancehvhffects the metal concentration in industrial and have
adverse effect on human health. Thus industridl reeér city is becoming knowledge of parametersegowng
environmental qualities of urban settings whichyplgital role not only in sustainable attainmentaman habitats
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but also understanding the potential influencefieman health [8-10].In last few decades many soileys were
conducted and were reported in scientific literat[irl-12].However, in developing countries like indery few
such research works have been carried out.

In environmental and geochemical exploration ssidthe chemical analysis of such soil samples ifimgbrtant
application. Wet chemical methods were used fafysng samples for present study. This is maiilg to better
detection limit obtainable from intrumental metHoe AAS [13-15]. The aim of the present study vaexamine
physiochemical properties and heavy metal levelsthi@ soil near to industries and also to estabtish
contamination status of the soil as a result ofilmptogenic activities. The knowledge of heavy mataumulation
in soil, origin of these metals and their possiblteraction with soil properties are priority oliges in this study.
Statistical analysis is important tool for intexfation of data [16-18]. Some selected statistinathods were
applied to find the most significant factors fomtwlling distribution of heavy metal in soil and identify the
possible origin of these metals in soil collectemhf industrial area, Hisar road Rohtak (Haryana).

EXPERIMENTAL SECTION

2.1 Site description

Rohtak district is located in Haryana; 70 km nortisivof New Delhi and 250 km south of the Chandigathte

capital) at the NH 10. Average annual rainfall iohRak city is 458.5mm (18.0 inch). Rohtak's climateows

extreme variation in temperature. In the winter ther(November to January), the temperature doeaswally fall

below freezing point whereas, in summer (April tdyy), the day temperature generally remains betvasefC and
40 °C occasionally going up to 48 °C on a few dd. present study 4 different sites of industaisda on Hisar
road Rohtak were selected. The site selectechioptesent study includes small scale industrieatéal on Hisar
road Rohtak:

Site-R: Precision Fasteners Private Limited (PFPL)
Site-S: Chemical Industry (CI)

Site-T: Battery cases synthesising industry (BCSI)
Site-U: Paint industry (PI)

YV VYV

2.2 Soil sampling

64 Soil samples from four different sites were ectiéd quarterly in a year at surface level (5,1and 20 cm
depths) so as to cover industrial area near Hisadl,rRohtak. At each site, a 50-meter tape waspaidllel to the
road (on both sides) of industry. Three quadrale€s X 4 m) were placed at equal distances alon§@hmeter tape

in each zone. Samples from three quadrates of & zeere mixed together to make a composite sample
representative of that zone of a particular sitbe soil samples were taken from each quadratecapoints with a
stainless steel auger from the top 520 cm of dile lsarge stones and plant materials were remdveih soil
samples. Samples were kept in a thoroughly prerel@aolyethylene bottles.

2.3 Reagent

To prepare standards all chemicals of high purnitsltical reagent grade were used. For both extraetnd acid
digestion procedures, Conc.HRQConc.HCI and kD, were used. The solutions were prepared by usindpldou
distil water. The sample flasks and digestion vissaere soaked into 10% HN®efore digestion for 24 hours and
then washed with double distil water.

2.4 Digestion procedure

The soil samples were dried at £1Dfor 3 hours, ground to pass through a 2 mm rsisre and homogenized for
analysis. A procedure recommended by environmeartakection agency (EPA 3050B) was used as convaaitio
extraction method. 1g of soil sample was heated5t6 with 10ml of 50% HNQ@without boiling. After cooling the
sample, it was refluxed with repeated addition 8%66HNO; until no brown fumes were given off by the sample.
Then the solution was allowed to evaporate ungéltblume was reduced to 5 ml. After cooling 10 mB@% HO,
was added slowly without allowing any losses. Thgtune was refluxed with 37% HCI at 95 for 15 minutes.
Distilled water was added and filtered. A cleausioh was used for AAS measurement after dilutm®® ml. The
total extraction procedure was lasted for 100-2@tutes.
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2.5 Sample analysis

Atomic absorption spectrophotometer (EC Electrormgporation of India Limited AAS Element AAS-4141)
equipped with deuterium lamp for background coroectvas used for determination of heavy metal cotregion
in soil. The hollow cathode lamps for Cu, Zn, C8, Bnd Ni were employed as radiation source. Taedl used
was air/acetylene. The parameters for determinatfanetal concentration were according to the tedgprovided
in table-1. The quality control was monitored @sit0% sample blanks and 10% of sample replicatesdh set of
sample replicates. A coefficient of variance ofliegies was less than 2% for all elements. Optinmiztrument
settings and nebulizer controls for each elementhstd characteristic concentration of metal_is + %0 of
manufacturer specifications, precision of 10 meaments is < 5% (preferably <2%) the optimizatioongess.

pH was determined in soil suspension (soil : doutidéil water, 1:5 w/v) using Eutech Instruments-ptD meter
while Conductance and TDS were measured by miceegsnr based Conductometer [19-24]. Bulk density wa
determined by cylindrical core method [25] anddaling formula was used to find bulk density.

Bulk density (mg/r) = Mass of dry soil (g)
Voelume of the core (cm

Percentage of organic carbon was determined by fa#ind Black method [26].

2.6 Statistical analysis

For statistical analysis, the data was processedsdinyg SPSS PASW statistics 17 and help in asgistiter-
elemental relationship among heavy metals. Thipshai identifying the groups of metal that correlaind have
similar behavior and origin. In order to quantiaty analyze and confirm the relationship betweaih groperties
and metal concentration Pearson’s correlation vatied to the data set. Correlation analysis aBGé,Pbased on
the correlation matrix, were applied on the databgeusing MATLAB and SPSS PASW statistics 17 resipely.
The aim of using PCA was to ascertain any pattermise soil samples in relation to these chemibalracteristics,
and then to make a preliminary conclusion for firgdthe possible relationship between heavy metat@atrations
and soil properties.

RESULTS AND DISCUSSION

3.1 Concentration of heavy metal in industrial soil

The descriptive statistics of the heavy metal caotre¢éions are summarized in Table-2 after elimimmatsome
abnormal concentrations. High level of Zinc wasearhed at site -S;Cu at site —T; Pb at site - SalNsite —-R
whereas Cd at site - U. Especially, Zn (629.5mgK@u (7270mg Kg), Pb (3449mg Kd), Ni (497.15mg Kd),
and Cd (34.7mg -1Kg) data showed significant ingeeia concentration than threshold value of Indi@gulatory
limit of metal in soil as shown in Table — 3. Suwtiremely high levels of metal concentration in slod can found
in many industrial areas and waste disposal duffigis. results from localized additions and accidesgpéllages of
concentrated materials [27]. The concentrated neztal be leached into surface water or ground wed&en by
plants, which may later affects the human heal@3Q].

3.2Physiochemical properties of selected sites

The detailed descriptive summary of all physioctehparameters was provided in table-4.The soiw@s from
6.61 to 9.39 at site R; 7.1t07.9 at site S; 7.891ta@ at site T; 7.13 to 8.32 at site U whereastetal conductivity
varies from 0.37 to 4.32 mS at site R; 0.34 to 3B at site S; 0.54 to 6.67 mS at site T; 0.69.48 BS at site U.
TDS was from 0.25 t02.59 ppt at site R, 0.33 t®oJppt at site S, 0.34 to 4.43 ppt at site T, @c43.24 ppt at site
U. The soil samples were alkaline in most of saihples as they generally have pH>7. It was repdhatdpH is an
important factor which influences the cation mapitand also regulates the solubility of heavy métadoil [31].
Most of metal ion tends to be available at acidic pligher soil pH is not favorable for transfererudéheavy metal
from surface soil (0-20 cm) to subsoil (20-40 cii)e mean bulk density of soil inside and outsideittdustry was
found to be 1.097gm cfand 1.027gm ci Percentage of organic carbon varies from 0.0L84.
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DISCUSSION

4.1 Correlation analysis:

The concentration of heavy metal in soil and tiveipact on ecosystem was influenced by various petars such
as parent material, climate and anthropogenic ifietiv[32]. Correlation analysis between soil heawngtal
concentration and soil parameters will help todrte origin of elevated levels of heavy metalsaih.

The pH of the soil is greater than 7while% of oligararbon varied from 1.02 to 1.5.In the 64 soihpte, all heavy
metals showed no significant relationship exceptaRd Zn as summarized in table — 5. TDS has Statiiyt
significant linear relation with conductivity, pkGu and Cd; out of which conductivity, pH and Cu lpasitive
relation whereas Cd has negative relation. Theifsignt relationships between concentration of lyeanetals and
different parameters of soil were further substaetli by performing correlation analysis. The catieh
coefficients between soil samples and differentspighemical properties as mean of different sargppieriods and
places were calculated for each metal separatdye(® and table-4). As seen in tatlehere is positive correlation
between few metal like Pb (r=0.383, p=0.01), CdD (897, p=0.01) with pH of the soil. While theseatins are not
statistically significant for Zn(r=0.005), Cu(r=@9) and Ni (r=0.243). Positive relationships betwegetal content
and soil parameters are expected results as pbildfedps in percolation of metal ion in soil. law found that TDS
of soil shows positive correlation with Cu metallyor{r=0.402, p=0.01), whereas conductivity has tresi
correlation with Cu (r=0.396, p=0.01). Few met#te [Zn, Pb shows relationship which might be duagsociation
with indigenous clay minerals and constant vehicataission near to industries.

Nandram and Verloo in 1985 [33] showed that lowbiity of Pb, Zn, Cd, and Cu at pH 6 to 6.5 andiragrease
by several orders at pH 2. Similarly, Pb, Cd, andezhibited weak solubilities at slightly alkalinendition (pH 8)
while at pH 3.3 solubility is higher [34]. Furtheone with regard to Cu, Brun etal. 1998 [35] reportkecrease in
extractable Cu with an increase in soil pH. Inlighthe above, the near neutral pH in our casbgyer facilitated
more complexation of heavy metals with organic oarlvesulting in their accumulation in the top leyd=xcept for
Ni, all the metals showed positive correlationshwitH substantiating that the higher the pH, theertbe metal
retention is and vice versa. Although the mobitfyPb, Zn, Cd, and Mn showed significant positiwerelations
with pH and organic carbon, the trends were ndioam among all the sites.

Table-1: Parameters for measurement of metal concémation by AAS

Parameters Pb Zn Ni Cu Cd
Lamp current (mA) 10 5 35 3 35
Wavelength (nm) 217 2139 232 324.8 228,
Linear Range (mg/l) 0.2-30 04-15 0.2-20 1.0-5.0.018
Slit Width (nm) 1.0 0-2 0.2 0-2 0.5
Integration Time(sec.) 3.0 2.0 2.0 2.0 2.0
"Detection Limit (mg/Kg) 0.1 0.005 0.04 0.02 0.00

"Metal concentration for Blank in AAS-4141

4.2 Principal component analysis

The data was processed for KMO and Bartlett’s {€able-6) to check the adequacy of the data andlytevas

found that KMO value of 0.62 so the pattern of etations which was relatively compact, can be aelyand
yield distinct and reliable factors. Bartlett'stte$ sphericity with an associated value of p<0.@@icates that we
can proceed for PCA analysis.

PCA was used to identify the origin of metal in gwl and % of variance of each of the metal araperties were
shown in Table- 7. The results of the factor loadeth the quartimax rotation as well as the eigatugs and
communalities shows first three components conteilfar 62.71% of overall variability in data. Thember of
principal components were found on the basis of&aNormalization with Eigen value greater than @igrire-1).

After varimax orthogonal rotation, these componemtsrelated to source of elements in studied sesrghiown in
figure-2.

The first component (PC1) with variance of 29.972khewed loading of pH, conductivity, TDS and Cd vbhic

suggested that soil properties helps in accumga@d in the soil. Thus Cd accumulation was mainle do
anthropogenic or industrial activities such as iopar disposal of solid waste of precision indusingd solid carbon
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disposed on the surface of soil. Application ofidavaste from precision industries and tyres abra$d6] also
results in increase in Cd in soil.

Table-2: Main descriptive statistics of metal conaatrations of various industrial sites of Rohtak digrict (n = 64)

Description of various Pb Cu Zn Cd Ni
parameters (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
Minimum 209.25 3.95 1.50 10.35 52.8(Q
Maximum 832.50 5690.00 160.50 26.70 497.15
Site R Mean 451.92 1486.38 62.11 18.38 234.76
Median 432.65 302.35 55.28 19.38 218.43
Standard Deviatic ~ 211.1¢ 1923.9° 51.2¢ 4.97 116.1:
Minimum 174.0¢ 77.2¢ 49.2( 13.4¢ 37.0¢
Maximum 3449.00 3354.50 629.50 29.75 247.80
Site S Mean 721.83 1130.18 224.66 18.32 125.20
Median 400.48 354.73 123.90 17.33 113.55
Standard Deviation ~ 851.89 1174.49 212.35 3.77 71.53
Minimum 307.4( 3.9t 11.7¢ 14.9¢ 65.6(
Site T Maximum 1977.0C  7270.0( 379.3¢ 18.7¢ 206.2¢ |
Mean 934.14 1432.03 170.30 16.52 131.78
Median 570.18 208.13 180.93 16.38 124.75
Standard Deviation 682.48 2298.09 132.98 1.24 40.p3
Minimum 149.40 14.40 9.35 15.00 72.0(
Maximun 878.5( 1271.0( 589.5( 34.7( 257.4(
Site U Mear 389.17 502.8¢ 192.1: 18.7¢ 154.3:
Median 339.58 417.55 129.90 16.58 148.70
Standard Deviation 170.49 397.28 175.89 5.40 60.82
Table- 3: Metal concentration in industrial soil
Metals  Selected average for soils (mg/Kg)Common Range for soils (mg/Kg) Threshold valué
Cu 30 2-10C 30.C
Zn 50 10 - 300 200.0
Pb 10 2-200 100.0
Ni 40 5-50C 80.C
Cd 0.06 0.01-0.70 0.07

"Source: (Lindsay, 1979; Murthy, 2008)
" Maximum permissible concentration (mg/Kg) in Inda$soil as per Indian government

Table-4: Descriptive summary of soil physiochemicgbroperties of different industrial sites for collected samples (n = 64)

TDS - %age Bulk density
(opt) Conductivity  (mS) pH ocC (glce)
Minimum 0.25 0.37 6.61 0.44 1.26
Maximum 2.59 4.05 9.39 0.46 1.34
Site R Mear 1.3¢ 2.0¢ 7.6z 0.4t 1.2¢
Median 1.54 2.31 7.33 0.45 1.28
Standard Deviation  0.83 1.27 0.84 0.01 0.03
Minimum 0.33 0.34 7.1 0.79 1.02
Maximum 1.95 3.03 7.9 0.84 11
Site S Mean 1.01 1.50 7.41 0.81 1.06
Mediar 0.9¢ 1.4 731 081 1.07
Standard Deviation  0.52 0.85 0.25 0.02 0.03
Minimum 0.34 0.54 7.98 0.79 1.25
Maximum 4.43 6.67 11.4 0.84 1.40
Site T Mean 2.58 3.96 9.84 0.81 1.31
Median 3.07 4.63 10.19 0.81 1.30
Standard Deviatic  1.42 2.1€ 1.1¢ 0.0z 0.07
Minimum 0.4 0.6¢ 7.1z 0.7¢ 1.27
Maximum 2.24 3.43 8.43 0.84 15
Site U Mean 1.10 1.82 7.95 0.81 1.39
Median 0.98 1.81 8.14 0.82 1.41
Standard Deviatic  0.5¢ 0.8¢ 0.41 0.02 0.11
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Table-5: Pearson’s correlation between metal concénation and soil parameters

Depth TDS  Conductivity pH Pb Cu Zn Cd Ni
Pearson Correlation 1
Depth Sig. (2-tailed)
N 64
Pearson Correlatic  -0.121 1
TDS Sig. (2-tailed) 0.339
N 64 64
Pearson Correlatic 0.1 997 1
Conductivity  Sig. (2-tailed; 0.30¢ 0.00¢
N 64 64 64
Pearson Correlation 0.042 .709" 7117 1
pH Sig. (z-tailed 0.741 0.00( 0.000(
N 64 64 64 64
Pearson Correlation -0.169  0.088 0.063 .383" 1
Pb Sig. (2-tailed) 0.182 0.489 0.622 0.002
N 64 64 64 64 64
Pearson Correlation -0.07  .402" 396"  0.049 -0.091 1
Cu Sig. (2-tailed) 0.585 0.001 0.001 0.698 0.476
N 64 64 64 64 64 64
Pearson Correlatic  -0.15¢  -0.10Z -0.12:¢ 0.00f 395  0.03¢ 1
Zn Sig. (2-tailed) 0.21 0.423 0.334 0.968 0.001 0.762
N 64 64 64 64 64 64 64
Pearson Correlatic  0.107  -.441" -4457 -397 0.1 0.02¢ -0.051 1
Cd Sig. (c-tailed 0.41¢ 0.00( 0.00( 0.001 0.4z 0.82¢ 0.691]
N 64 64 64 64 64 64 64 64
Pearson Correlation  0.06 0.052 0.056 -0.243 -285 0.182 -0.187 0.008 1
Ni Sig. (2-tailed) 0.637 0.681 0.66 0.053 0.023 0.15 0.14 0.952
N 64 64 64 64 64 64 64 64 64

**_Correlation is significant at the 0.01 level{diled). *. Correlation is significant at the 0.08vel (2-tailed).

Table-6: KMO and Bartlett's test of adequacy for factor analysis for data set of industrial soil (n =64)

Kaiser-Meyer-Olkin Measure of Sampling Adeque .628
Bartlett's Test of Sphericity Approx. Chi-Square  415.279
Df 45|
Sig. .000
Table-7: Varimax-rotated component loadings of extacted factors and percentage of variance explainddr industrial area of Rohtak
district
Componer
1 2 3
TDS .947 -.194 .015
Conductivity .946 -.214 .007
Ph .850 .325 -314
Cd -.590 -.067 149
Pb .266 722 132
Temperature .067 .634 -.132
Zn -3.235E-5| .620 .501
Ni -.065 -.606 191
Depth -.161 -142| -.713
Cu .361 -.408 .590
Total 2.997 2.005 1.269
% of variance 29.972 20.05p 12.686
Cumulative % 29.972 50.024 62.710

Extraction method: Principal component analysis
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Fig.-1: Scree plot showing all rotated components
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The second component (PC2) showed 20.052% of vaténce and showed loading of Pb, Zn and Ni. klgo
moderately loaded by Cu and pH. It suggested tiege four elements were affected by anthropogeuwigstrial
activities in addition to the original content diet soil. This component arises from different sewsach as solid
waste of battery synthesizing industry which wappéemented by vehicular emission. The Pearson letioe
coefficients of these metals under p < 0.01, siscRla Zn, Ni and Cu suggested that contaminatikestplace due
to anthropogenic activities besides the naturalpmments of the soil.

The third component (PC3) alone explained 12.686%6tal variance of our result and showed loadifigco, Zn
with depth. This suggested that both metal havencomorigin and the value also suggested that cantdion of
these metals were not solely related to anthrogogedustrial activities but can be due to locabaralies and
natural deposition of metal in soil.

CONCLUSION

PCA reduces the dataset into three major compomeptesenting the different origin of metal in thdustrial soil.
The solid waste dumped on the soil without pretneait results in deposition of metal in the soil.1P&@th high
loading of Cd, pH, TDS, conductivity is attributdde to anthropogenic or industrial and traffic tigs. PC2 with
high loading of four metals is attributed domingntlue to geogenic sources and supplemented by sal&de
disposed by industries.PC3 is mainly due to vammin geochemical nature of the soil due to varipaimmeters. A
significant positive correlation (R 0.001) between metal and different parametersiincase further substantiates
this view.
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