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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)

(Tessier et al., 1979) s a5 gl 5l oy 5l slaods ) Jgua
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

5 mole JLan! oo uSlae 2alS &g, ol dwle
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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.
2, gae 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.
® 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
QO
>
5
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 0.42 0.15 0.33 0.69 1.17 0.42 0.15
CARB 1.68 0.15 15.37 7.19 0.04 1.51 0.14 498 1.12
FeO-

MnO 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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