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Fig. 1. A view of the studied location and collected samples in studied area around the Khuzestan Steel Company in

Ahwaz city
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Fig. 2. Wind rose plot in studied area around the Khuzestan Steel Company in Ahwaz city
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Table 1. Classification of soil contamination

Soil Quality
Ci<1 low contamination factor
<C ; <3 moderate contamination factor
3<C } <6 considerable contamination factor
< C}l very high contamination factor
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Table 2. Classification levels of soil contamination degree

Soil Quality
Caeg< 8 low degree of contamination
8 <Cgeg<16 moderate degree of contamination

Caeg<3216<

considerable degree of contamination

32 Caeq <

very high degree of contamination
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Fig. 3. The chart of soil texture of soil samples in studied area around the Khuzestan Steel Company in Ahwaz city

(Moyes, 2011)
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Table 3. Physical and chemical parameters of soil samples in studied area around the Khuzestan Steel Company in

Ahwaz city
Sample number pH % OC % Clay
S1 8.3 1.66 11.20
S2 8.69 1.38 16.40
S3 8.84 1.48 12.80
S4 8.63 0.74 11.20
S5 7.02 1.02 9.02
S6 6.98 0.88 14.80
S7 7.95 2.06 14.80
S8 7.15 1.66 5.60
S9 7.51 1.28 16.40
S10 8.21 1.24 11.20
S11 8.21 3.08 14.80
S12 8.10 1.00 5.60
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Table 4. The concentration of trace elements in soil samples of studied area around the Khuzestan Steel Company in

Ahwaz city
Zn Mn Cr Pb Fe Ni Sample number
(mgkg-)  (mgkg-) (mgkg-) (mgkg-)  (mgkg-)  (mgkg-")
66 416 153 8 31983 66 S1
126 489 160 40 36059 72 S2
82 497 122 9 34237 49 S3
788 596 130 81 35723 44 S4
80 427 100 23 21905 42 S5
46 407 107 7 21135 53 S6
85 476 145 9 64941 74 S7
56 373 136 8 52370 67 S8
49 408 129 6 28179 72 S9
62 351 114 7 17389 35 S10
63 429 128 12 21224 72 S11
283 437 107 21 >100000 91 S12
142 349 132 7 17890 63 Control point
156.63 443.36 127.58 19.90 38762.83 61.42 The Average in this study
59.8 760 54 29.2 32000 20 Unpolluted soils




iSen g Sl5ics5a FYY

wopw OB S s cdale o i Gl (Gl 5 ,0)
S b ($39)9 (Sesp o 4S5 Fakls 3 48 55 5 5,
o=logle 18 adlate LIl ol Caws ol j0 g ST oY g8
Sy 5 458 sleplld s b S, dealile als
5l DS Gl L i (ST an i)
5 ¥gd ader g 518 Cgd w5 50 500 aline Sl
150 L 5z polie AL 4 ol ond oays i LIS S5
Knight and Henderson, ) ool oo uals il 15 51 o

.(2005

B The average in this study

3 ey Syge Slpls cbale aolie slajlages USCS
Ol |y sy o=l o oolainl 5550 (slas lasliul b adlais
P Uy ool 5L 4y bgye Clale (e (i w0 o0
559, Dl an by e clald Sl s (liee (n S 5 (G-
el (o 2 990 adlaie ;3 Sl (ACY JST8) g S
Sbile Sl 5l S g piien e g JS5 SIS 2lale

(B-¥ US5) ol 0001 ot oS 4 518 50 ol
gy il )5 e 5l diols Lalydl L olsls ples cdile
VY o )lats diiges o lyls alas 45 g ety ol sals

2 The average in unpolluted soils

A

Concentration(mg/kg) .

Zn

B

Concentration(mg/kg)

The average in this

study

i3 The average in this study

The average in unpolluted
soils

3 The average in unpolluted soils

C 38800

38400
Concentration(mg/kg)

38000

37600

Fe

500901 e SLSL L 5lenl o jo yliwjes oV g8 aulio Blbl ,o axlllas 5,90 ddlate )0 gy 3,50 SlHls clale avslio slo,loges F S
1C g Josoi 959y 9wy Slyld clale B o ai ipg)S 5 5K g5, S cdale tA Jlagad asdllae pl jo nSw Sl cdale Sl

Fig. 4. The charts comparing of the studied concentrations of heavy metals in studied area around the Khuzestan Steel
Company in Ahwaz city with un-polluted soils and average concentrations in this study, A: The concentration of Zinc,
Manganese and Chromium, B: The concentration of Lead and Zinc, and C: The concentration of Iron.
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Table 5. The values of contamination factor and contamination degree in studied area around the Khuzestan Steel

Company in Ahwaz city

Contamination Factor

Stations Zn Mn Ni Pb Fe Cr Contamination Degree
(mgkg") (mgkg") (mgkg') (mgkg') (mgkg') (mgkg") (Caeq)
S1 0.46 1.19 1.04 1.14 1.78 1.15 7.88
S2 0.88 1.40 1.14 5.71 0.17 1.21 11.6
S3 0.57 1.42 0.77 1.28 1.91 0.92 7.99
S4 5.54 1.70 0.69 11.57 1.99 0.98 23.7
S5 0.56 1.22 0.66 3.28 1.22 0.75 8.63
S6 0.32 1.16 0.84 1 1.18 0.81 6.35
S7 0.59 1.36 1.17 1.28 3.65 1.09 10.1
S8 0.39 1.06 1.06 1.14 2.92 1.03 8.56
S9 0.34 1.16 1.14 0.85 1.57 0.97 6.93
S10 0.43 1 0.55 1.14 0.97 0.86 6.07
S11 0.44 1.40 1.14 1.71 1.18 0.96 6.59
S12 1.99 1.25 1.44 3 5.58 0.83 14.1
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Fig. 5. The chart of contamination degree changes in soil samples of studied area around the Khuzestan Steel Company
in Ahwaz city
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Fig. 6. The changes column chart of Anthropogenic enrichment percent in soil samples of studied area around the
Khuzestan Steel Company in Ahwaz city
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Table 6. The values of saturation degree of metals in soil samples of studied area around the Khuzestan Steel Company
in Ahwaz city

Sample number Ni Pb Zn Cr Fe Mn Cd
S1 1.03 0.61 096 2.72 529.63 0.89 0.02
S2 1.09 298 1.79 2.75 578.35 1.02 0.02
S3 096 0.87 1.51 2.72 712.07 1.29 0.002
S4 087 7.84 1454 2.90 743.88 1.61 0.0031
S5 0.61 1.64 1.09 1.65 337.46 0.85 0.001
S6 0.80 0.51  0.64 1.82 335.78 0.84 0.02
S7 .22 0.73 1.31 2.71 1134.6 1.10 0.02
S8 1.17  0.68 091 2.68 962.6 0.89 0.002
S9 1.07 043  0.68 2.17 441.68 0.83 0.001
S10 0.70  0.69 1.16 2.6 369.93 0.97 0.002
S11 1.01 0.82 0.82 2.18 314.51 0.82 4.24
S12 512 577 14.83 6.79 5919.06  3.36 0.007
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Table 7. The Kolmogorov-Smirnov test values of studied trace elements in soil samples of studied area around the
Khuzestan Steel Company in Ahwaz city

Cd Zn Mn Cr Pb Fe Ni Sample number

0.48 1.30 0.65 0.4 1.02 1.02 0.66 K-S Value
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Table 8. The Pearson correlation coefficient for studied metals in studied area around the Khuzestan Steel Company in
Ahwaz city

Mn Ni Pb Fe Cr Zn
Mn T -0014 0761 045 0257 07100
Ni 1 20.197 069 0358  -0.149
Pb 1 0.043  0.127 09177
Fe 1 0.033 0212
cr 1 -0.013
Zn 1

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Table 9. The rotated factor analysis of elements in studied soil samples in studied area around the Khuzestan Steel

Company in Ahwaz city

Rotated factor analysis of heavy metals in soils

Component
1 2 3
Mn .860 -.009 .269
Ni -.160 .872 354
Pb .964 -.072 .035
7n .957 .076 -.142
Fe 126 .953 -.115
Cr .087 .096 .966

Extraction method: principal component analysis,
Rotation method: Varimax with Kaiser Normalization.
Bold numbers indicate correlation is significant at the

0.01 level (2-tailed)
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Introduction

Soil plays a vital role in human life as the very
survival of mankind is tied to the preservation of
soil productivity (Kabata- Pendies and Mukherjee,
2007).

The purpose of this study is the assessment of
heavy metal contamination (Zn, Mn, Pb, Fe, Ni,
Cr) of the soil around the Khuzestan Steel
Complex.

Materials and methods

For this purpose, 13 surface soil samples (0-10
cm) were taken. Also a control sample was taken
from an area away from the steel complex. The
coordinates of each point were recorded by Global
Positioning System (GPS). The samples were
transferred to the laboratory and then were air
dried at room temperature for 72 hours. Then they
were sieved through a 2mm sieve for determining
physical and chemical parameters (soil texture,
pH, OC), and a 63-micron sieve for measurement
of heavy metal concentration. pH was measured
using a calibrated pH meter at a 2: 1 mixture (soil:
water), and soil texture was determined using a
hydrometer. The amount of organic matter was
measured using the Valkey black method (Chopin
and Alloway, 2007).

After preparation of the samples in the laboratory,
the samples were analyzed using the ICP-OES
method to assess concentration of heavy metals.
Measurement of heavy metals concentration was
carried out at the Zar azma laboratory in Tehran.
To ensure the accuracy of the analysis of soil
samples, replicate samples were also sent to the
laboratory.

In order to assess the heavy metal pollution in the
soil ~samples, different indices including
contamination factor (CF), contamination degree
(Cd), anthropogenic enrichment percent (An%),
and saturation degree of metals (SDM) were
calculated.

Discussion

In addition, the mean concentrations of heavy
metals in soil samples were compared to the
concentration of these metals in Control Sample
and unpolluted soil standard.

Measurement of soil pH showed that the soil has a
tendency to alkalinity. Also, soil texture is sandy
loam (Moyes, 2011).

The results showed that the mean Organic Carbon
in the soil sample is 1.03%, the higher amount of
OC is related to soil sample numbers 7 and 11.
The mean concentrations of Ni, Pb, Zn, Mn, Fe
and Cr in soil samples were 61.42, 19.90, 156.63,
443.63, 38762.63 and 127.58 (mg/kg),
respectively.

The highest concentrations of manganese,
chromium, zinc and lead were found in soil
samples number 4 and 12. This is in agreement
with the results of the saturation degree of metals
so that, the highest values of saturation degree of
metals were found for soil samples close to the
factory, (i.e. 4 and 12). The SDM values
decreased with distance to the factory. The
highest contamination factor was obtained for soil
samples which were taken near the steel factory (4
and 12).

Also, the highest contamination degrees were
found for soil samples 4 (23.7) and 12 (14.1)
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while, the lowest values were obtained for soil
samples 6 (6.35) and 10 (6.07).

The results of the contamination degree
calculation, anthropogenic enrichment percent, as
well as statistical analysis are consistent. It can be
said that the origin of iron in study areas is related
to anthropogenic and geogenic activites.

The results of anthropogenic enrichment percent,
indicated that Lead, Manganese, and Zinc in the
soil samples which were taken around the steel
factory have an anthropogenic source. Moreover,
the source of Chromium and Nickel is mainly
geogenic.

The results showed that all variables are normally
distributed. Three components originate with a
cumulative variance of 79.55% for soil samples.
PC1 which explains 41.47% of the total variance
can be defined as an anthropogenic component
since Mn, Pb and Zn soil samples have the highest
loading on PC1l. As previously indicated, the
concentration of these elements in the study area
is mainly influenced by the steel industrial
complex.

The PC2 represents 22.26% of the total variance,
and is strongly associated with Ni, Fe can be
defined as geogenic and  anthropogenic
component, as the variability of the elements
seems to be controlled by parent rocks and human
activities.

Cr was individually included in the PC3 whith
15.82% of the total variance. The distribution of
Cr in the studied soils confirmed that it was
derived from the parent materials of soil.

Results
The highest concentrations were found at soil
samples 4 and 12. Comparison of heavy metals

concentration with unpolluted soil standard
indicated that, concentrations of Cr, Zn, Fe, Ni
and Pb is higher than that of unpolluted soil
standard. In general, Manganese, Chromium, Zinc
and Lead are the most important elements that are
found in emissions of steel plants.

The soil samples near the steel plant and
downwind direction have much higher pollution
level.

The results showed that Mn, Pb and Zn is related
to human activity and Cr have geogenic source
and Fe and Ni have both geogenic and
anthropogenic source in the study area in the city
of Ahwaz.
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