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Figure 1. Location of the Mobarakeh Steel Company in Isfahan city and distribution of soil sampling points.
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Table 1. Descriptive statistics of heavy metal concentrations in soil samples of study area.

() S i o o ol S Sl JENeS Sl Gl ol ook (% ) e
(0\% Range Skewness Maximum Minimum Stand.dev Mean Varibale
41.6 606.0 0.9 710.0 104.0 1253 300.8 Zn
14.6 543 0.7 98.1 43.8 9.4 64.4 Ni
20.9 36.8 1.2 63.9 27.1 8.0 384 Cu
22.5 405.5 -0.6 627.6 222.1 99.8 4433 Mn
19.2 119.1 2.0 153.0 33.8 15.1 78.5 Pb
50.8 28711.9 0.7 30157.2 1445.3 7244 .4 14242.4 Fe
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Table 2. Descriptive statistics of heavy metal concentration (%) in various sizes of soil particles of the study area.
g

KS  CV(%) al S SSle Blam e Gl Sl s (W) S35 o310
Range Skewness Maximum Minimum Std.Dev Mean Element  Particle size distribution

0.17  41.7  606.0 0.99 710.0 104.4 125.3 300.8 Zn

0.08 112 76.0 -0.90 172.0 96.0 14.8 131.7 Ni

0.20 343 147.0 1.94 193.0 46.0 27.6 80.5 Cu

0.05 204 158 -0.08 1092.0 334.0 155.6 762.9 Mn 28

0.09 266 1134 0.77 167.9 54.5 23.7 89.3 Pb

0.14 228 855.0 2.12 1232.0 377.0 133.8 588.2 Fe

0.2 65.0 717 4.05 43.0 760.0 100.1 153.9 Zn

0.09 245 107 0.79 35.0 142.0 18.7 76.1 Ni

0.29 61.8 152 2.41 20.0 172.0 31.6 51.1 Cu 28,75

0.11 25.8 721 0.64 154.0 875.0 125.6 485.4 Mn

0.15 23.7 138 1.84 59.0 197.6 222 93.7 Pb

0.11 37.5 874 1.3 186.0 1060.0 182.2 486.5 Fe

0.18 51.5 505 33 45 550 72.9 141.4 Zn

0.07 19.9 67 -0.35 20 87 12.1 60.8 Ni

0.15 273 57 1.04 21 87 11.5 42.1 Cu

0.11 225 570 -0.08 145 715 97.3 431.2 Mn 73130

0.27 56.5 2.7 3.9 0.31 3.05 0.43 0.76 Pb

0.23 66.5 1571 1.4 128 1699 406.6 611.3 Fe
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Continue Table 2.
| < Sl 5l Lre Bl 2ol $Ske : 3 S5 eIl
KS CV(%) > Sz ) B Jhre B ok RS (W) s (S5 o5l
Range Skewness Maximum Minimum Std.Dev Mean Element Particle size distribution
0.22 54.2 187 2.2 30 217 36.7 67.8 Zn
0.09 2491 47.0 0.43 22.0 69.0 10.7 42.8 Ni
0.154 20.09 220 1.212 18.0 40.0 4.87 243 Cu
150-300
0.082 2320 568.0 -0.14 271.0 839.0 131.03 564.8 Mn
0.13 16.51 3939 0.58 50.54 89.92 10.79 65.3 Pb
0.21 68.92 1012.0 2.11 136.0 1148.0 214.02 310.5 Fe
0.12 2517  51.0 1.80 28.0 79.0 10.30 40.92 Zn
0.11 14.06  23.0 0.348 23.0 46.0 4.67 33.20 Ni
0.18 20.46 17.0 1.08 13.0 30.0 3.66 17.73 Cu
300-2000
0.08 28.72  362.0 -0.08 122.0 484.0 84.31 293.58 Mn
0.06 12.60 47.78 -0.26 50.91 98.69 9.83 77.98 Pb
0.15 53.62  -398.0 1.99 48.0 446.0 72.0 134.28 Fe
O rael = Gy S 50l S 09031 s KS (ks g o CV
03,50 YA 51 5o oS Slys o3l b St sl s
Zn>Mn> Cu>Pb> Fe> Ni
205,50 YAZYO S5 o3I L S gl s
Zn>Mn> Fe> Cu> Ni>Pb

Fe> Zn=b> Ni>Mn> Cu

Fe> Zn>Mn> Ni> Cu>Pb

Fe>Pb> Zn> Ni>Mn> Cu

Fe> Zn>Pb>Mn> Ni> Cu
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Table 3. Descriptive statistics of contamination factor for the studied metals in various sizes of soil particles of

the study area.
V%) <l S Sl JURE Shs il ol obe ety (W) S35 o310
Range Skewness Max Min Std.Dev Mean Variable Physical size particle (p)

41.52 5.83 0.99 6.83 1 1.20 2.89 CFz,

10.95 0.79 -0.09 1.79 1 0.15 1.37 CFyi

34.28 3.20 1.94 4.20 1 0.60 1.75 CFcy <8

20.17 327 -0.08 327 1 0.46 228 CFun

26.22 2.08 0.77 3.08 1 0.43 1.64 CFpy

22.43 227 2.12 327 1 0.35 1.56 CFre

65.08 16.6 4.05 17.67 1 2.33 3.58 CFz,

24.42 3.06 0.79 4.06 1 0.53 2.17 CFyi

61.94 7.60 2.41 8.60 1 1.58 2.55 CFcy 2875

25.71 4.68 0.64 5.68 1 0.81 3.15 CFun

23.90 2.35 1.84 3.35 1 0.38 1.59 CFpy

37.55 4.70 1.30 5.70 1 0.98 2.61 CFre
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Continue Table 3.
V%) <l S Sl Ll Shs il ol oike ety (W) S35 o310
Range Skewness Max Min Std.Dev Mean Variable Physical size particle ()
51.59 11.2 3.35 12.22 1 1.62 3.14 CFz,
19.73 3.35 -0.35 4.35 1 0.60 3.04 CFxi
27.00 2.71 1.04 3.71 1 0.54 2.00 CFey 75,150
22.56 3.93 -0.08 4.93 1 0.67 2.97 CFun
136.30 2.08 4.89 29.08 1 4.28 3.14 CFpy
66.53 12.20 1.40 13.27 1 3.18 4.78 CFre
53.98 6.23 2.19 7.23 1 1.22 2.26 CFz,
24.61 2.14 0.43 3.14 1 0.48 1.95 CFy;
20.00 1.22 1.20 222 1 0.27 1.35 CFey 150300
23.07 2.10 -0.14 3.10 1 0.48 2.08 CFun
16.28 0.78 0.58 1.78 1 0.21 1.29 CFpy
68.84 7.44 2.11 8.44 1 1.57 2.28 CFre
25.34 1.82 1.80 2.82 1 0.37 1.46 CFz,
13.88 1 0.35 2.00 1 0.20 1.44 CFyi
20.95 1.31 1.08 2.31 1 0.28 1.36 CFey 3002000
49.28 2.97 -0.08 3.97 1 0.69 1.40 CFun
12.42 0.94 -0.26 1.94 1 0.19 1.53 CFpy
53.76 8.29 1.99 9.29 1 1.50 2.79 CFre
41.52 5.83 0.99 6.83 1 1.20 2.89 CFz,
14.28 1.24 0.74 2.24 1 0.21 1.47 CFyi
20.42 1.36 1.21 2.36 1 0.29 1.42 CFey S s
22.61 1.83 -0.61 2.83 1 0.45 1.99 CFun (bulk soil)
19.39 3.52 2.01 4.52 1 0.45 2.32 CFpy
50.86 19.80 0.75 20.87 1 5.01 9.85 CFre
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Table 4. GSFyaqine (%0) in five physical size fraction () in the study area.

300-2000 150-300 75-150 28-75 <28 -
element

8.63 10.39 19.16 19.16 42.65 Zn

14.02 13.13 16.50 18.97 37.37 Ni

12.09 12.00 18.42 20.57 36.91 Cu

16.50 23.04 15.55 16.09 28.81 Mn

25.70 15.63 20.65 18.23 19.78 Pb

9.36 15.72 27.36 20.00 27.56 Fe
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Abstract

Background and Objectives: Among the soil pollutants, heavy metals due the high stability in
soils and their toxicity to animals and plants needed special considerations. Therefore,
knowledge about the variability of heavy metals especially in various physical fractions is
valuable for decision making and proper management in industrial districts. The knowledge
about the heavy metal distribution in different particle size distributions (PSD’s) provides
valuable information for heavy metal risk assessment of wind deposits and aerosols. In this
regards little study has been made in the world as well as in Iran. Therefore, this study was
conducted to study the variability of heavy metals in different particle size fractions of surface
soils of Foolad-e-Mobarakeh steel company in Isfahan province.

Materials and Methods: The study area is located in Foolad-Mobarakeh steel company nearby
of Isfahan city. Sixty soil samples were collected from 0-5 cm of surface soils and after sieving,
various fractions including <28, 28-75, 7-150, 150-300 and 300-2000 um were separated by
siphon method. The concentration of some heavy metals included Cu, Zn, Mn, Fe, Pb and Ni
were determined by atomic absorption spectroscopy (Model: Analyst 200) equipped by graphite
furnace. Using selected criteria, including concentration factor (CF) and grain size loading
factor (GSFjeding), soils of the study area were classified and ranked in various particle size
fractions.

Results: The results showed that the highest of CF was observed for Fe in bulk soil samples.
The lowest CF was observed for Pb in 150-300 um fraction. The results showed that Fe had
the highest value in finest particles (<28 and 28-75 pum), while Mn showed the highest
concentration in coarse fractions. The highest value of CF was obtained for Fe in bulk soil
samples and then for 150-300 p fraction. The lowest CF was attributed to Pb in 150-300 um
fraction. The highest GSFisuing for all studied metals were observed in the finest particles
(<28 pm) which might be related to high specific area in this fraction. The highest value
of GSFieaing Was observed for the <28 fraction and then reduced for 28-57, 75-150 and
150-300 um fractions in ranking in the studied soils.

Conclusions: In overall, results of this study confirmed that various metals are distributed
variously in different PSD’s. Also, the knowledge about the heavy metals contribution in
various particle size distribution of soil could provide valuable information for manager and
governors in respect to risk assessment of metals in aerosols and wind deposits in industrial sites
located in arid regions.

Keywords: Particle size distribution, Grain size fraction loading, Heavy metals, Concentration
factor, Foolad-e-Mobarakeh
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