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Fig. 1. Geological map and sampling stations of soil and plant in study area (1:100,000 geological map of Shahr-e-
Babak published by Geological Survey of Iran)
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Table 1. Abstract of Tessier et al. (1979) sequential extraction method

. Experimental
Extracted fraction Extractant condition
Exchangable 8 ml of 1 molL.I" MgCl, (pH:7) 1 hour in 25°C

8ml of 1 mol.I'' NaOAc

Carbonate bound (pH:5 with acetic acid)

5 hour in 25°C

20 ml of NH, HCI, 0.04 molL.I"" in 25% w/v HOAc

Bound to Fe-Mn oxides 6 hour in 96°C
(pH~2)
-1
. ml of 0.032021/101.1/ gNOO3/5 ml of 2 hour in 85°C
Bound to organic matter o M/V HyUp 3 hour in 85°C
+3 ml of 30% m/v H,0, 30 minutes in 25°C
+5ml of 3.2 mol.I"" NH,OAc

Residual HF+HCIO, -
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Table 2. Descriptive statistics of element concentrations (mg kg ') in Miduk soil samples (Cy: Enrichment factor)

Element As Cd Cr Cu Fe Mo Ni Pb Zn
Mean 26.27 0.47 56.69 242 .4 47497.5 2.31 45.8 87.76 186.6
Min 7 0.13 19 25 26762 0.6 22.7 7.7 56.6
Surface Max 254 2.76 143 1264 131256 7.5 71 953.1 1193.6
Soil Std 43.9 0.55 22.34 297.9 17017 191 11.51 108.23 226.28
Ce 1.59 1.49 0.94 1.7 0.99 1.29 0.95 2.21 1.51
Mean 27.53 0.52 55.94 159.99 451243 1.24 4537 79.99 197.27
Sub Min 5.1 0.08 16 18.7 28247 0.4 14 3.6 60.9
Surlflace Max 259.1 2.87 157 1146 11606 3.1 76 566.6 1219.9
Soil Std 48.08 0.69 26.62  211.96 15264.5 0.74 14.33 142.85 246.55
Ce 1.86 1.89 1.03 1.82 1.08 1.40 1.03 2.54 1.84
Mean in natural soil 13.275 0.37 85.75 74.97 38754.5 0.95 53.75 40.77 64.00
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Table 3. Simple Pearson correlation coefficients (r) between elements in surface and subsurface soil

element As Cd Cr Cu Fe Mg Mo Pb Ni Mn Zn
Zn 0.04 0.90 0.43 0.06 0.18 0.12 -0.11 0.82 032 047 1.00
Mn 0.01 0.47 0.04 -0.05 0.14 0.05 -0.30 032 0.06 1.00

Ni -0.19 0.30 0.84 -0.22 0.21 0.68 -0.38  0.21 1.00

Pb 0.17 0.84 0.36 0.22 0.27 0.18 0.07 1.00

Mo 0.47 -0.11 -0.13 0.70 0.31 -0.43 1.00

Mg -0.31 0.13 0.63 -0.22 -0.04 1.00

Fe 0.37 0.23 0.23 0.27 1.00

Cu 0.67 0.06 -0.03 1.00

Cr -0.03 0.33 1.00

Cd 0.03 1.00

As 1.00
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Table 4. Descriptive statistics of element concentrations (mgkg-1) in selected plants of Miduk area

_. 3 leaf root
X .Z:z
@D @D S =
3, = & 53 Min Max Mean Std. Dev Min Max Mean Std.
@, sSaa Dev
o ~ o

=}

As 0.01-0.06° 1.10 7.20 2.69 1.48 0.30 4.00 2.16 0.81
Cd 0.05-32° 0.11 3.54 0.50 0.64 0.11 0.93 0.47 0.30
Cr 0.006-18° 2.00 13.00 5.25 2.38 2.00 7.00 3.78 1.48
Cu 11-30% 24.40 608.30 89.34 113.85 17.20 107.50 42.80 28.05
Fe 31-250% 1383.00  6043.00 2668.79 1136.21 1338.00 3778.00 2306.33 0.35
Mg 3100-10000* 2108.00  3733.00 2661.11 464.55 925.00 2028.00 1488.33 0.09
Mn 71-127° 65.00 914.00 182.96 155.81 34.00 178.00 87.11 45.79
Mo 1-5° 0.40 3.50 1.19 0.75 0.40 0.90 0.67 0.16
Ni 0.01-24.1° 3.00 8.00 4.64 1.37 2.00 5.00 3.44 1.13
Pb 0.4-4.6° 1.60 42.10 6.05 8.69 2.30 81.10 12.79 25.66
Se 0.005-0.88° 0.03 1.04 0.38 0.26 0.03 0.24 0.14 0.08
> leaf root
(2]
:
2 . . Std.
o Min Max Mean Std. Dev Min Max Mean
= Dev
w
As 0.01-0.06° 0.70 7.20 2.42 1.38 0.25 26.00 7.21 9.02
Cd 0.05-32° 0.03 25.00 1.00 4.71 0.07 1.51 0.32 0.46
Cr 0.006-18° 2.00 12.00 5.36 2.59 2.00 36.00 8.67 10.51
Cu 11-30% 7.40 296.90 64.74 68.02 5.80 581.40 95.76 0.91
Fe 31-250° 955.00 6179.00 3370.86 1574.45 893.00 20489.00 5835.78 0.38
Mg 3100-10000"  1531.00  4302.00 2539.82 721.76 924.00 6848.00 2612.44 0.71
Mn 71-127° 25.00 307.00 143.14 86.78 47.00 904.00 193.56 0.269
Mo 1-5¢ 0.50 5.60 1.87 1.43 0.10 6.50 2.86 2.23
Ni 0.01-24.1° 2.00 9.00 4.68 2.25 2.00 26.00 7.22 7.33
Pb 0.4-4.6° 1.00 160.70 12.15 31.83 0.70 511.00 71.93 0.44
Se 0.005-0.88° 0.03 1.94 0.31 0.35 0.03 1.33 0.41 0.47
> leaf root
O
QD
>
=
S . . Std.
= Min Max Mean Std. Dev Min Max Mean
< Dev
c
3
As 0.01-0.06° 0.25 2.10 0.63 0.48 0.70 6.80 3.82 2.26
Cd 0.05-32° 0.06 1.75 0.28 0.35 0.10 1.63 0.40 0.49
Cr 0.006-18° 1.00 7.00 2.61 1.73 2.00 11.00 5.44 3.13
Cu 11-30° 4.40 401.90 34.86 74.28 5.10 154.90 48.72 45.67
Fe 31-250° 327.00 2331.00 877.76 478.80 1366.00 8741.00 4034.44 0.43
Mg 3100-10000*  1777.00 7557.00 2991.89 1183.87 1379.00 3783.00 2207.67 0.77
Mn 71-127° 20.00 306.00 74.57 62.87 29.00 451.00 189.67 0.63
Mo 1-5¢% 0.10 3.00 0.47 0.55 0.30 2.40 1.21 0.72
Ni 0.01-24.1° 1.00 3.00 1.82 0.61 2.00 13.00 6.11 3.62
Pb 0.4-4.6 0.40 15.10 1.53 2.73 1.60 146.10 22.34 46.89
Se 0.005-0.88° 0.03 0.79 0.22 0.15 0.08 0.65 0.26 0.18

* (Vitosh et al., 1994), * (Kabata-Pendias and Mukherjee, 2007), ¢ ‘Shanker et al., 2005)
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Fig. 2. Comparison of element transfer factors A. from soil to plant, B. from root to leaves in the three investigated
plant species (AR: Artemisia, As: Astragalus, AC: Acanthophyllum)
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Table 5. Element concentrations (mg kg ') extracted into five fractions of Tessier’s scheme (1979) of Miduk soil

Fraction As Cd Cu Mn

Mo Ni Cr Zn Pb

EXCH 0.02 0.09 042 0.15 033  0.69 1.17 0.42 0.15
CARB  1.68 0.15 15.37 7.19 0.04 151 0.14 4.98 1.12
15;% 3.71 0.09 91.83 69.59 024 392 1.89 78.11 41.59
oM 3.93 0.04  38.78 9.01 0.15 8.86 4.78 36.93 8.30
RES 13.07 0.04  23.61 8.58 0.66 2242 3875  38.89 14.93
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Fig. 3. Bar diagram of abstract result of sequential extraction analysis in Miduk area.
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Introduction

High concentrations of metals are usually
encountered in surface soil and vegetation in areas
affected by mining activity (Liu et al., 2006).
Different distribution of elements in chemical
fractions result in different bioavailability;
therefore knowledge of the total content of an
element in soil is not a sufficient criterion to
estimate the environmental implications of trace
metal presence (Maiz et al., 2000).

Sequential extraction analysis gives information
on the element distribution among different
phases of soil. Several schemes of sequential
extraction are used for the determination of
commonly distinguished metal species, which are
in general: (1) easily exchangeable or water
soluble; (2) specifically sorbed; e.g., by
carbonates or phosphates; (3) organically bound;
(4) occluded by Fe-Mn oxides and hydroxides;
and (5) structurally bound in minerals or residual
(Kabata-Pendias and Mukherjee, 2007). The main
objectives of this study are: (1) to describe the
distribution pattern of elements in rocks and soils
of the Miduk area; (2) to assess the fractionation
of elements in soil and the mining impact on the
mobility of trace elements; (3) to investigate the
uptake of analyzed elements by selected
indigenous plant species.

Materials and Methods

In this study, 32 soil samples at two depths (0-5
cm and 15-20 cm), were analyzed for total
concentration of 45 elements. In order to assess
the possible bioaccumulation of the elements, the
roots and the overground parts of 3 plant species
(Astragalus-Fabaceae, Acanthophyllum -
Caryophyllaceae, Artemisia -Asteraceae) were
also collected and analyzed.

*Corresponding author’s email: Sh.Dehghani@Shirazu.ac.ir

Enrichment factors (EFs) were calculated to
assess whether the concentrations observed
represent background or contaminated levels. The
Tessier et al. method (Tessier et al., 1979) was
chosen for sequential extraction of 6 subsoil
samples. Correlation analysis was used to
examine the relationship between the analyzed
elements in soil. The plant’s ability to take up
chemical elements from growth media was
evaluated by calculating transfer factor (TF)
(Kabata-Pendias and Pendias, 2001).

Results

Topsoil samples displayed higher mean levels of
Mo, Cd, Se, Fe, As, Pb, Cu and Zn compared to
subsoil samples. Generally, Cu is accumulated in
the upper few centimeters of the soil, but in
deeper soil layers it has a tendency to be absorbed
by organic compounds and oxy-hydroxides of Mn
and Fe (Kabata-Pendias and Mukherjee, 2007).
The total mean concentrations of Cu (201.19 mg
kg™), As (26.90 mg kg™) and Pb (83.87 mg kg™)
are higher than those recorded for natural
uncontaminated soils worldwide (Kabata-Pendias
and Pendias, 2001).

The strongest correlation (higher than 0.80) is
observed in samples taken from two depths for Zn
and Pb, Zn and Cd, Cr and Ni, and Ni and Mg.
The geochemical behavior of Pb and Zn is known
to be similar in most natural processes (Reinmann
and Caritat, 1998).

Element concentrations in the roots and leaves of
plants differ considerably between the three
analyzed plant genuses. Element concentrations in
Astragalus genus are higher than Artemisia and
Acanthophyllum, expect for Pb and Cd, which
displayed the highest concentration in Artemisia.
Astragalus is the most contaminated species
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among the collected plants. The lowest
concentration for all elements is found in the
leaves of Acanthophyllum species. The results
probably demonstrate the influence of the plant’s
genetics on element uptake.

The following decreasing order shows median
transfer factor in plants with little differences
between the three plant species:
Cd>Mo>Cu>As>Mg>Mn>Pb>Fe>Ni>Ag>Co>
Cr.

The results of sequential extraction analysis
showed that more than 54.01% of extracted Cu is
bound to Fe-Mn oxides fraction, followed by the
organic matter and residual fractions. The hydrous
oxides of Fe and Mn control Cu fixation in soil
(Davies, 1997).

Arsenic and chromium mostly remained in the
residue of the sequential extraction process. The
high Pb concentration in the residual and Fe-Mn
oxides fractions indicated that the soil may be
considered unpolluted by lead.

Discussion

Among the measured elements, soil
contamination is mostly observed for Cu, Pb, and
As. The soil of the study area is also significantly
polluted by lead, especially in the old mining
areas. The high concentrations of Mg, Se, and Cd
extracted into the first three fractions of sequential
extraction showed that the metals could be easily
mobilized upon changes in ionic strength or
decrease in pH and redox potential.

Artemisia leaves are significantly contaminated by
Cu. Arsenic and copper also accumulate in
Astragalus leaves. The consumption of Artemisia
and Astragalus leaves can constitute an exposure
risk, especially for small domestic animals. Miduk
inhabitants consume Artemisia leaves for
treatment of digestive upsets. It is suggested to
keep this area inaccessible to domestic animals
and preferably to collect plants from distant areas.

Obviously, systematic monitoring during mining
should  be instituted, and  continuous
environmental surveys should be performed to
prevent future pollution problems.
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