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ABSTRACT

This study focuses on the concentration, spatial distribution, contamination level and
possible sources of eight heavy metals including Cd, Cr, Cu, Fe, Ni, Mn, Pb, V along
with the major ions (Ca2+, Mg2+, Na+, K+, Cl-, NO3

-, SO4
2-) in surface soil samples around

Borhollaoil field of Brahmaputra valleyusing multivariate approach. Average
concentration of the metals present in surface soil were decreased in the order of,
Fe>Mn>Ni>Cr>V>Cu>Pb>Cd in pre-monsoon, Fe>Mn>Cr>V>Ni>Cu>Pb>Cd in
monsoon and Fe>Mn>Cr>Ni> V>Cu>Pb>Cd in post-monsoon respectively. Paired t-test
showed significant seasonal variation in case of Cd (p<0.03), Cu (p<0.005) and Ni
(p<0.005).Higher values of the all studied species were recorded during post-monsoon
season followed by pre-monsoon and monsoons season. Assessment of pollution indices
revealed that the area undergo low to moderate level of pollution. Source apportionment
study using Principle component analysis - multiple linear regression (PCA-MLR) and
cluster analysis (CA) resulted three different sources viz. 47.76% from lithogenic
sources; 27.58% from resuspension and deposition of street dust; 24.66% from wear and
tear of vehicular parts.

Keywords: Heavy metal; surface soil; oilfield; pollution assessment; source
apportionment.

INTRODUCTION

With intense industrialization and urbanization heavy metal pollution of surface soil becomes a
significant environmental problem around the world and an issue of global concern (Hu et al., 2013;
Rahman et al., 2012). Due to their toxicity and persistence in the environment, contamination of heavy
metals has drawn particular attentions of the researchers. Although heavy metals exists naturally in the
Earth’s crust, but their buildup in different environmental matrices is mainly associated with various
human activities, which includes industrial and agricultural effluents, sewage sludge, fossil fuel
combustion, mining processes, waste disposal etc. These metal elements of different origin (biological,
geogenic, anthropogenic) are trapped in the street dust particles and transferred and deposited all around
with wind, through wet deposition during rain or fog events, and during storms (Ayrault et al., 2013).
Among the various anthropogenic sources the oil and petroleum exploration activities also act as major
sources of these metals (Osuji and Onojake, 2004). It was reported that, heavy metals are released into
soil through oil spillage from oil well blow outs or pipeline leakages, spent drilling mud and effluent
water discharges, metal scarps from construction operations; continuous gas flaring and combustion of oil
by electric power generator at flow stations (Aiyesanmi, 2005). Afkhami et al.(2013) showed higher
concentrations of As, Cd & V are related to oil drilling activities, and also geological structures at
different depths.

Accumulation of heavy metals in surface soil can eventually degrade soil quality, contaminate ground
water sources, reduce crop yield and the quality of agricultural products and thus adversely effect on
human health, animals, and the ecosystem i.e the overall food chain (Nagajyoti et al., 2010; Ma et al.,
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1997). Accordingly, it is important to identify the sources of heavy metals, besides quantifying their
concentrations and spatial variability in the soil.

Studies on total concentration, spatial distribution and toxicity level of heavy metals have been conducted
in various oilfield soil around the world (Karabassi et al., 2015; Fu et al., 2014; Kotoky et al., 2003).
However a few of such work has been conducted in the northeastern region of India although, the
contamination of oil field soil of Assam has possibly begun more than 100 years ago when the Asia’s first
oil well was drilled in 1889.

So the presents study attempts to investigate the concentration level and distribution pattern of eight
heavy metals including Cd, Cr, Cu, Fe, Ni, Mn, Pb, V along with the major cations and anions (Ca2+,
Mg2+, Na+, K+, Cl-, NO3

-, SO4
2-) around an oilfield of Brahmaputra valley, northeast India. Principle

component analysis along with multiple linear regression (PCA-MLR) and cluster analysis (CA) was
applied to identify the possible sources of the studied element. Soil toxicity was assessed by using various
pollution indices like, pollution index (PI), Nemerow integrated pollution index (NIPI), pollution level
index (PLI), and potential ecological toxicity along with ecological risk index (RI). The database obtained
from this study will act as a baseline of heavy metal concentration in surface soil around oilfield of
Northeast India.

MATERIALS AND METHODS

Description of study area

The study was conducted around Borholla oilfields of upper Assam located on Brahmaputra valley
geographically positioned around 26o41.335ʹ N and 93o66.635ʹ E (Figure 1). Borholla oil drilling area is
operated and regulated by Oil and Natural Gas Corporation (ONGC) India with an operating area of
almost 300 acres, which had been producing crude oil at an estimated capacity of two million tonnes per
annum since 1972 (Gogoi et al., 2003). But the oilfield has been abandoned and no drilling activities are
going on for past eight years.

Sampling

Fifteen surface soil samples were collected from Borholla oil field and its surrounding areas during pre-
monsoon, monsoon and post-monsoon season of 2011-12 (Table 1). Top soil samples were taken (0-5
cm) with a stainless steel scoop after removal of the surface vegetation. Composite samples were taken,
which were mixed thoroughly by coning and quartering, dried in air, sieved (2 mm), and kept at 4oC in
laboratory till analysis. Description of sampling locations along with their land use type and major
environmental features were recorded at the time of sampling. The geographic co-ordinates of sampling
locations were recorded by GPS set (Garmin GPS Map 76CSX).

Analysis of heavy metals

For estimation of heavy metals 0.5 gm of soil sample was weighted and digested in a microwave digester
with 12 ml of aqua regia (HNO3: HCl; 3:1) and 4 ml of HF (Chen and Ma, 2001). The 4ml of HF was
added to the soil sample and kept overnight to react at room temperature. Following this, aqua regia is
added to the sample and digested at 1300C for 8 hrs. After digestion was completed 2 gm of boric acid
was added to neutralize the HF. The sample was then filtered with whatmann filter paper (42 grade) and
made up the volume up to 30 ml by adding double distilled water. After volume makeup filtered samples
were preserved in pre-washed polyethylene bottles. All the samples were analyzed in ICP-OES (Perkin
Elmer Optima 2100DV).

Analysis of the major ions
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All the major ions were determined by using soil solution prepared in a ratio of 1:5 in distilled water
(Trivedy and Goel, 1984). Nitrate concentration in soil sample was determined by phenol disulphonic
acid method, sulphate by turbidimetric method and analysis was chloride concentration was done by
titration. Determination of sodium and potassium was carried out by using flame photometer (Systronics
128).

Toxicity indices
Pollution index (PI) along with Nemerow integrated pollution index (NIPI), pollution load index (PLI),
the potential ecological risk assessment (Eir) and comprehensive potential ecological risk index (RI) were
calculated to evaluate the toxicity level of surface soil in the study area.

Statistical analysis
Multivariate data analysis techniques such as cluster analysis(CA) and principal component analysis
along with multiple linear regression (PCA-MLR) were applied to apportion the sources of metal
elements in surface soil, which was performed by using SPSS 16 (Statistical Package for Social
Sciences).

Table 1. Different sampling site along with their location

Quality control

Triplicate sample analysis was performed, which showed a standard deviation of ±<10%. The recovery %
of the samples was calculated by injecting a known concentration of standard reference material (SRM,
NIST USA)for soil sample (SRM 8704), resulted a recovery of (80-120)%. The ICP-OES (Inductive
Coupled Plasma Optical Emission Spectroscopy) was calibrated using multi element standard solution
VIII (merck) and 2% HNO3 was used as reagent blank.

RESULTS AND DISCUSSION

Concentration of heavy metals in surface soil

Sites Position Elevation
BS1: Inside GGSa 26o26.944ʹ N, 94o10.43ʹE 168 m
BS2: Gorajanb 26o26.385ʹ N, 94o09.816ʹE 115 m
BS3: MK 3 Fieldc 26o24.168ʹN, 94o08.222ʹE 109 m
BS4: BR#6d 26o26.341ʹN, 94o09.996ʹE 105 m
BS5: Borholla Towne 26o26.877ʹ N, 94o07.901ʹE 98 m
BS6: Negherif 26o26.648ʹ N, 94o07.165ʹE 91 m
BS7: Bojalkota Mini Primary Schoolg 26o24.099ʹ N, 94o08.807ʹE 89 m
BS8: Bekajan-6h 26o23.905ʹ N, 94o10.075ʹE 119 m
BS9: BalijanMichingGaonIIi 26o25.281ʹ N, 94o09.962ʹE 106 m
BS10: RajabahorNamgharj 26o29.287ʹ N, 94o09.909ʹE 92 m
BS11: GorajanTinialik 26o27.484ʹ N, 94o08.910ʹE 99 m
BS12: BorhollaTownll 26o26.723ʹ N, 94o07.690ʹE 90 m
BS13: Lonpuriam 26o26.063ʹ N, 94o07.132ʹE 76 m
BS14: NangalGaon, Phukanchuknl 26o27.035ʹ N, 94o07.699ʹE 76 m
BS15: KheremaGaon, near A.T Roado 26o27.317ʹ N, 94o08.393ʹE 87 m
aGroup Gathering Station where crude oil are stored: bRural residential area with a church near it: cOil drilling
area*: dOil drilling area*: eCommercial place with hotels & shops lined along the main road: fVillage area with
densely spaced residences: gRoadside area: hSurrounded by residences of villagers: iDensely populated rural area:
jBorholla main road opposite to paddy fields: kJunction of three roads: lNear to the Borholla main market,
commercial place with some residences: mResidential place: nCompletely residential area: oOnthe main road &
close to Borholla town. On the other side of the road, there are large tea gardens.*Represents the drilling sites are
abandoned from last few years.
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The minimum, maximum and mean (with standard deviation) value of concentration of heavy metal
analysed in three different seasons i.e. pre-monsoon, monsoon and post-monsoon were presented in table
2. The concentration(mgkg-1) of Cd, Cr, Cu, Fe, Ni, Mn, Pb and V varied between 0.36 and 0.57, 18.34
and 308.4, 4.98 and 37.05, 4344 and 17094, 15.54 and 244.56, 259.5 and 606.3, 0.18 and 6.33, 14.43 and
42.57 in pre-monsoon; 0.013 and 0.54, 1.02 and 6.08, 0.032 and 1.17, 1709 and 9636, 0.161 and 5.05,
2.35 and 34.29, 0.025 and 0.92, 0.168 and 6.241 in monsoon; 0.3 and 0.81, 14.79 and 112.92, 5.2 and
10.62, 5328 and 26046, 11.31 and 77.94, 158.4 and 950.4, 0.96 and 26.1, 11.28 and 38.84 in post-
monsoon season respectively. Average concentration of the metals present in surface soil were decreased
in the order of Fe>Mn>Ni>Cr>V>Cu>Pb>Cd in pre-monsoon, Fe>Mn>Cr>V>Ni>Cu>Pb>Cd in
monsoon and Fe>Mn>Cr>Ni> V>Cu>Pb>Cd in post-monsoon respectively. Paired t-test was carried out
to examine the variation of the heavy metals in different season, Cd (p<0.03), Cu (p<0.005) and Ni
(p<0.005) showed significant seasonal variation. Average concentrations of all the metals were found to
be high in post- monsoon season followed by pre-monsoon and monsoon season.

Concentration of heavy metal showed noticeable variation according to land use pattern. Maximum
concentration of heavy metal like Pb, Mn, Cu, Ni were detected in the road side sampling stations. In pre-
monsoon season highest concentration of Pb (6.33 mgkg-1) and Mn (606.3mgkg-1) were noticed in site
BS5, whereas, highest concentration of Cd (0.57 mgkg-1), Cr (308.4 mgkg-1), Cu (37.05 mgkg-1) and Ni
(244.26 mgkg-1) were observed in site BS15. Since, wear and tear of vehicular part could be considered as
one of the source of Cr, Cu and Ni; Pb emitted from vehicular exhaust, Mn is also used as additive in
gasoline driven vehicle, thus high concentrations of these metals near roadside soil is obvious. Similarly,
in monsoon season also maximum concentration of Cd (0.535 mgkg-1) and Cr (6.081 mgkg-1) were
detected in site BS15 while, Cu (1.175 mgkg-1), Ni (5.053 mgkg-1) and Mn (34.29 mgkg-1) were marked
in site BS10. Likewise, in post-monsoon season maximum concentration of Cd (0.63 mgkg-1) was noticed
in site BS15, Cu (10.62 mgkg-1), Ni (77.94 mgkg-1) and Mn (950.4 mgkg-1) was observed in site BS5. One
of the main sources of Vanadium is fossil fuel deposits such as crude oil, coal, oil shale and tar sands. In
our study the highest concentration of V in all the three season was found in the oil-field area i.e. at site
BS1 in pre-monsoon (42.57 mgkg-1) and post-monsoon (38.85 mgkg-1) and at site BS4 in monsoon season
(6.24 mgkg-1). A comparative account of heavy metal concentration in different land use type around the
world is presented in supplementary table 1. Although the metal concentration recorded, in the study area
is not serious but constant monitoring is required due to gradual buildup of these elements.

Concentration of major ions

The maximum, minimum and mean value of concentration of the major ions analyzed in three different
seasons i.e. pre-monsoon, monsoon and post-monsoon were presented in table 2. The concentration of the
cations, Ca2+, Mg2+, Na+ and K+ ranged from 871.87-6228 , 572.40-2750.80, 54.6-1468.2 and 1015.11-
3517.8 mgkg-1 in pre-monsoon season; 39.9- 105.44, 17.94-86.93, 48.84-293.94 and 283.38-1009.8
mgkg-1 in monsoon season; 893.1-5805, 807.3-2490.9, 14.72-1230 and 1485-3099.6 mgkg-1 in post-
monsoon season. The concentration of anions, Cl- NO3

- SO4
2- ranged from 34.08-90.88, 29.72-69.25

and10.08-148.28 mgkg-1 in pre-monsoon season; 16.93-45.92 ,10.42-46.27 and7.42-85.16 mgkg-1 in
monsoon season; 34.08-96.56 ,13.79-108.58 and 6.98-276.63 mgkg-1 in post-monsoon season.
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Table 2. Minimum, maximum, and mean concentration (mg kg-1) of various parameters analyzed in three sampling seasons

Parameters Pre-monsoon Monsoon Post-monsoon
Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean

Ca2+ 871.87 6228 2106±1286 39.9 105.44 70±17 893.1 5805 2042±1169
Mg2+ 572.40 2750.80 1706±628 17.94 86.93 47.76±21.13 807.3 2490.9 1593±440
Na+ 54.6 1468.2 461±453 48.84 293.94 132±67 14.72 1230 434±315
K+ 1015.11 3517.8 2250±780 283.38 1009.8 738±192 1485 3099.6 2380±549
Cl- 34.08 90.88 56.42±17.37 16.93 45.92 27.07±7.17 34.08 96.56 56.816.49

NO3
- 29.72 69.25 43.91±10.95 10.42 46.27 23.79±9.9 13.79 108.58 52.43±27.96

SO4
2- 10.08 148.28 59.31±41 7.42 85.16 36.20±23.12 6.98 276.63 66.64±70.10

Cd 0.36 0.57 0.45±0.06 0.013 0.54 0.22±0.18 0.3 0.81 0.52±0.13
Cr 18.24 308.4 70±70 1.02 6.08 3.23±1.75 14.79 112.92 48±35
Cu 4.98 37.05 16.27±10.28 0.032 1.17 0.29±0.29 5.2 10.62 7.15±1.63
Fe 4344 17094 11397±3439 1709.26 9636.58 5957±2153 5328 26046 12201±5073
Ni 15.54 244.26 92±68 0.161 5.05 1.27±1.7 11.31 77.94 32.87±17
Mn 259.5 606.3 376±82 2.35 34.29 14.65±12.17 158.4 950.4 412±265
Pb 0.18 6.33 2.82±2.02 0.025 0.92 0.26±0.26 0.96 26.1 5.37±6.68
V 14.43 42.57 26±9 0.168 6.241 1.87±1.73 11.28 38.85 24.09±7.94

Table 5. Pearson’s correlation matrix between various elements studied in surface soil
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*. Correlation is significant at the 0.05 level (2-tailed).

**.Correlationissignificantatthe0.01level(2-tailed).

Cd Cr Fe Pb Cu Ni Mn V Ca2+ Mg2+ Na+ K+ Cl- NO3
- SO4

2-

Cd 1
Cr 0.288 1
Fe 0.457 0.572** 1
Pb 0.441 0.172 0.281 1
Cu 0.391 0.473 0.436 0.226 1
Ni 0.276 0.338 0.327 0.220 0.805** 1
Mn 0.460 0.280 0.401 0.504** 0.435 0.406 1
V 0.581** 0.491 0.612** 0.320 0.661** 0.585** 0.603** 1

Ca2+ 0.568** 0.161 0.351 0.670** 0.345 0.329 0.604** 0.672** 1
Mg2+ 0.553** 0.387 0.700** 0.265 0.566** 0.463 0.625** 0.809** 0.632** 1
Na+ 0.405 0.000 0.222 0.555** 0.131 0.070 0.341 0.216 0.472 0.313 1
K+ 0.567** 0.309 0.570** 0.402 0.534** 0.579** 0.548** 0.775** 0.650** 0.792** 0.424 1
Cl- 0.565** 0.240 0.429 0.549** 0.499 0.484 0.586** 0.573** 0.520** 0.661** 0.427 0.704** 1

NO3
- 0.575** 0.262 0.298 0.482 0.376 0.315 0.434 0.437 0.560** 0.434 0.182 0.467 0.531** 1

SO4
2- 0.344 0.182 0.161 0.606** 0.088 -0.1 0.186 0.156 0.505** 0.173 0.375 0.134 0.276 0.579** 1
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Table 3. Indices and corresponding degrees of contamination level Pollution index (PI) (Yang et al.,
2011), Ecological risk factor (Eir) and risk index (RI) (Hakanson, 1980)

Pollution
index

Category Potential
ecological risk

factor, Ei
r value

Grade for
ecological risk

index

Potential
ecological risk

index, RI Value

Grade for
ecological risk

factor

PI<1 Low contamination factor
indicating low
contamination

Ei
r< 40 Low RI< 110 Low

1<PI<3 Moderate contamination
factor

40 ≤ Ei
r< 80 Moderate 110≤ RI<220 Moderate

3<PI<6 Considerable
contamination factor

80 ≤ Ei
r< 160 Considerable 220≤ RI<440 High

6≤PI Very high contamination
factor

160 ≤ Ei
rr< 320 High RI≥440 Very high

Ei
r ≥ 320 Very high

Table 4. Results showing pollution index (PI), Nemerow integrated pollution index (NIPI), potential
ecological risk index of a single element (Er

i) and potential ecological risk index (RI)

PI

Cd Cr Cu Mn Ni Pb V NIPI

Minimum 1.527 0.124 0.054 0.146 0.107 0.043 0.080 1.11
Maximum 3.452 0.930 0.209 0.426 0.865 0.686 0.168 7.78

Mean 2.466 0.293 0.113 0.244 0.404 0.191 0.128 2.73

Eri

Cd Cr Cu Pb RI

Minimum 45.81 0.25 0.27 0.21 47.85
Maximum 103.56 1.86 1.04 3.43 105.80

Mean 73.98 0.59 0.56 0.95 76.08

Assessment of Pollution indices in soil

Pollution index (PI) and Nemerow integrated pollution index (NIPI)

Pollution index (PI) is commonly used to assess environmental quality, which is calculated by the
following formula (Luo et al., 2012):

(1)
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Where, Cn refers to the concentration of element in the sample and Bn, is the background concentration
of the element.

Mean PI values of the studied metals along with their range was shown in table 4. According to the
corresponding degrees of contamination level (Table 3), the result indicated that except Cd all the metals
represent a low pollution group; while Cd represents a moderate pollution group. The average PI of the
metals arranged in the order of Cd> Cr >Mn=Ni>Pb> V> Cu.

The NIPI of the heavy metals is calculated as below (Cheng et al., 2007):

(2)

Where, is the average PI value of the individual metal element and is the maximum PI value

of the individual metal element.According to Yang et al., (2010) the NIPI value is classified into five
categories, as non-pollution (NIPI ≤ 0.7), warning line of pollution (0.7 < NIPI ≤ 1), low level of
pollution (1 < NIPI ≤ 2), moderate level of pollution (2 < NIPI ≤ 3) and high level of pollution (NIPI >
3).From the table 4 we can conclude that Cd has a high NIPI value (7.78) showing high level of pollution.
For other metals the NIPI value ranged from 1.11-1.55, indicating low level of pollution.

Pollution load index (PLI)

The PLI value of the metal elements was calculated by using the following mathematical formula given
by Tomlinson et.al. (1980),

CF = C metal / C background (3)

PLI=n√(CF1xCF2xCF3x…xCFn) (4)

Where,

CF = contamination factor, n = number of metals, C metal = metal   concentration in polluted soil samples
of the study area, C Background = background value of the metal.

The PLI value of >1 is considered as polluted, whereas <1 indicates no pollution (Harikumar et al., 2009).
In our study the PLI value of surface soil were above one (>1) indicating that the sampling sites were
polluted.

Ecological risk

The potential ecological risk factor (Er
i) and the potential ecological risk index (RI) were calculated by

using the formulas as suggested by Hakanson(1980).

Er
i = Tr

i× Ci
f (5)

Ci
f = Ci

n/Cref (6)

RI = ∑ Er
i (7)

Ci
n denotes the concentration of metal in the sample, Cref represents the background value of the element,

Tr
i indicates respective toxic response factor as given by Hakanson(1980).

The minimum, maximum and mean Er
i and RI value of Cd, Cr, Cu and Pb in surface soil samples were

presented in table 4. Mean Er
i of Cd (73.98) indicates that Cd pose a moderate ecological risk in the areas

around Borholla oilfield. Whereas, maximum Er
i values of Cr, Cu and Pb fall in the class of low risk. The
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mean RI (76.08), cumulative of all metals is indicative of posing a low ecological risk in the surface soil
of study area. The maximum risk accounted by Cd as compared to other metals mainly due to
anthropogenic input such as various commercial activities, application of organic manures and phosphatic
fertilizers in the tea gardens and agricultural area etc. The high cadmium concentration in soil may affect
the plant growth or other metabolic activities (Sadhu et al., 2012). The other metals present in the study
area are not at health-threatening levels, but their accumulation in the environment requires more
attention.

Sources of metal pollution in the study area by using multivariate analysis

Inter species correlation

Pearson’s correlation was built to establish the statistical relationship between different chemical species
and to have an idea about their contributing sources (Table 5). A good positive correlation was observed
between Cd and Ca2+(r=0.568; p<.01), Cd and Mg2+ (r=0.553; p<.01) Fe and Mg2+ (r=0.700; p<.01), Pb
and Ca2+(r=0.670; p<.01), Mn and Ca2+ (r=0.604; p<.01), Mn and Mg2+ (r=0.624; p<.01),  V and
Ca2+(r=0.672; p<.01), V and Mg2+ (r=0.809; p<.01), Ca2+ and Mg2+ (r=0.632; p<.01),Ca2+ and K+

(r=0.650; p<.01), Mg2+ and K+ (r=0.792; p<.01), Mn2+ and K+ (r=0.548; p<.01), Cl- and Ca2+ (r=0.520;
p<.01), Cl- and Mg2+ (r=0.661; p<.01) indicating their probable crustal origin and lithogenic processes
since soil is a natural source of Ca2+, Mg2+, Na+, K+, Cl-, Mn (Tare, et al 2006).

The association of metals pairs like Ni with Cu (r=0.805)and V (r=0.585), Cr-Fe (r=0.572),Mn-Pb
(r=0.504), at a significant level p<.01, clearly indicate the vehicular traffic pollution or other vehicle
related pollution in the study area (Lu et al., 2009). Since, Mn is emitted from diesel exhaust, Pb also
emitted from gasoline driven vehicle and Ni, Cu, Cr is used for coating of different parts of vehicles.

Good positive correlation between K+ and Cl- (r=0.704; p<.01),NO3
-and K+ (r=0.467; p<.01), NO3

- and
Ca2+ (r=0.560; p<.01), SO4

2- and Ca2+ (r=0.505; p<.01)), suggests that besides their natural origin,
fertilizers used in agricultural area and tea gardens also act as a source of these elements. Good
correlation between NO3

- and SO4
2- (r=0.579; p<.01), specify their similar source of origin as both are

formed by a common photochemical process (Zhao et al., 2013).The association of metals with the crustal
elements indicates that they were originated from both natural as well as anthropogenic origin.

Source apportionment study

PCA-MLR

PCA-MLR, a widely used multivariate statistical analysis technique was applied for the quantitative
apportionment of various sources of the chemical species analyzed. The factors with eigen values >1 were
extracted and rotated using the varimax rotation with Keiser Normalization. PCA analysis resulted into
three factors which contribute 69.46% of the total variance (Table 6).Factor 1 accounted for 48.16% of
total variance and was loaded with Fe, Cu, Ni, Mn, V, Mg2+, K+ and Cl- indicating lithogenic processes as
the contributing source, since Fe, Mn, Mg2+, K+ are the major rock forming elements in the soil (Adriano,
1986). Cd, Pb, Ca2+, Na+, NO3

-and SO4
2- were placed in factor 2 explaining 13.92% of total variance. This

factor could be due to the resuspension and deposition of street dust, which grab the pollutant from
various anthropogenic sources. Common source of Pb in soils are manure, lead containing pesticides,
vehicular exhaust, Cd also accumulated in topsoil by long term use of pesticides (Yang et al., 2014).
Factor 3 associated with high loadings of Cr and Fe, accounting 7.38% of total variance. Since, Cr and Fe
is used in various parts of vehicle, this factor represents wear and tear of vehicular parts.

The MLR was performed as per the linear regression equation given by Larsen and Baker (2003) and the
mean percentage contributions of identified sources were found to be of 47.76% from lithogenic sources;
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27.58% from street dust containing pollutants of different origin; and 24.66% from wear and tear of
vehicular parts (Supplementary table 2).

Cluster Analysis (CA)

All the variables were grouped into clusters by applying hierarchical cluster analysis and using Ward’s
method for sample classification. The method was applied to normalized data set by using squared
Euclidean distances as a measure of similarity. The dendrogram obtained was shown in figure 2, from
which three main groups can be identified. The first group was comprised with V- Mg2+- K+ - Mn- Cl--Cd,
basically showing a group of lithogenic origin. The second cluster was formed with Cu- Ni- Cr- Fe, this
group is mainly from wear and tear of vehicular parts. NO3

-- SO4
2-- Pb- Ca2+- Na+, together form the third

cluster, was showing a group containing pollutants of heterogeneous origin which come together by
resuspension and deposition of street dust.

CONCLUSIONS

Clear seasonal and spatial variations were observed in the metal concentrations of surface soil around
Borholla oilfields, with maximum concentration in post-monsoon season followed by pre-monsoon and
monsoon seasons. Cd posed more risk as compared to the other studied metal element. The correlation
analysis revealed the main sources of metals like Cd, V, Cu, Cr were lithogenic with little contribution of
anthropogenic sources, since their correlation with crustal elements like Ca2+, Mg2+, Mn2+, Fe2+. Results
of combined multivariate statistical techniques indicated that the street dust and vehicles represented the
most important anthropogenic source of heavy metal contamination. Although the study area is
surrounded by oilfields, low contamination was imposed by the oil drilling and other related activities
compared to other anthropogenic sources.
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Table 6. Results of Principle component analysis - multiple linear regressions (PCA-MLR)

Factor 1 Factor 2 Factor 3 Communalities

Cd 0.45 0.566 0.208 0.566
Cr 0.309 0.042 0.818 0.766
Fe 0.539 0.2 0.511 0.592
Pb 0.182 0.827 0.012 0.717
Cu 0.743 0.034 0.355 0.679
Ni 0.793 -0.065 0.148 0.655
Mn 0.622 0.435 0.017 0.576
V 0.806 0.258 0.31 0.812

Ca2+ 0.474 0.724 0.01 0.748
Mg2+ 0.795 0.303 0.211 0.768
Na+ 0.239 0.657 -0.331 0.599
K+ 0.82 0.36 0.037 0.804
Cl- 0.656 0.499 0.004 0.680

NO3
- 0.248 0.637 0.383 0.613

SO4
2-

-0.217 0.828 0.336 0.845

Eigen value 7.23 2.09 1.11
% Variance 48.16 13.92 7.38

Cumulative % 48.16 62.08 69.46
Identified source Lithogenic origin Street dust resuspension

and deposition
Vehicular wear

and tear
Source contribution (%) 47.76 27.58 24.66

The significant factor loading are shown in bold
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Supplementary table 1 Comparative account of heavy metal concentration (mgkg-1) in different land use
type around the world

Location Concentration (mgkg-1)

Cd Cr Cu Fe Mn Ni Pb V References

Robertkir,

Nigeria1

BDL-2.83 0.23-9.20 0.47-4.47 - 0.23-
11.83

BDL-3.70 - Aiyesanmi et
al., 2005

Nigeria

Delta1

0.02-1.73 4-35 0.05-97.5 481-108,054 7-623 - - 0.2-58 Iwegbue et
al., 2006

Ahvaz city,

Iran1

0.27-1.02 - 123-574 - - 213-552 17-82 455-
1809

Karbassi et
al., 2015

Beijing,

China2

- - 24.1-

457.5

- - 6.1-37.2 25.5-207.5 - Chen et al.,
2005

Nigeria

Delta1

<0.20 - 0.15-0.30 - - 0.53-18 0.32-0.80 <0.20 Osuji and
Onojake,

2004
Douala,

Cameroon2

0–7.3 27.8–

422.7

12.1–909 1.5–47.3 55.4–
3282

9–283.7 0–3320 26.1–
110.3

Asaah et al.,
2006

Turkey4 0.03–1.7 20–830 1.8–167 5800–55400 62–
3760

2.6–249 4.8–968 18.6–
170

Coskun et al.,
2006

Present

study1

0.013-

0.81

1.02-

308.4

0.032-

37.05

1709.26-
26046

2.35-
950.4

0.161-
244.26

0.025-26.1 0.168-
42.57

1Oilfield area; 2Park area; 3Industrial area; 4Thrace region
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Supplementary table 2 Multiple Linear Regression statistics and percentage contribution of different sources

Factor Sources Regression
Coefficient

Significance Contribution
(%)

R2

1 Lithogenic sources 0.703 .000 47.76
2 Street dust 0.406 .000 27.58 0.791
3 Wear and tear of

vehicular parts 0.363 .000 24.66
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Fig. 1. The study area (map prepared by integrating different thematic layers in GIS environment). Sampling locations marked - B1-B15
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Fig. 2. Dendogram of the heavy metals obtained by the Ward’s method of cluster analysis
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