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Figure 1. Location of selected parent materials and profils. Sch=Schist; Li=Limestone; Qa=Alluvial

plain; Sh=Shale; Qf=fan deposits; Qt=Fluvial terrace.
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Table 1. Physical and chemical properties of selected soil profiles.

il oS ) L Bbeas
Jsles (.MJS_ 7 o - o i L G 41 s Sl ok osle
Caco Oé Clay Silt Sand S S8 pH Depth < < Parent
al v .
EC CEC (cm) Horizon  Profile material
o (ds/m)  (cmol/kg)
8.5 0.65 14.6 449 40.5 0.098 18.3 8.50 0-10 A Schl s
4.3 0.75 27.5 49.4 23.1 0.059 31.5 8.27 10-20 CB Schist
NA NA NA NA NA NA NA NA +20 Cr
8.6 1.0 17.6 54.4 28.0 0.098 27.1 8.57 0-20 A Sch2
22.3 0.29 21.0 61.1 18.8 0.098 254 8.46 20-60 Bk
16.9 0.08 19.1 63.2 17.7 0.010 26.2 8.09 60-90
46.0 089 68 491 441  0.010 19.2 8.66  0-15 A Lil Sal L
46.0 0.57 9.7 50.9 394 0.085 16.6 8.58 15-45 CB Limestone
46.0 0.53 2.9 48.5 48.6 0.110 7.8 8.64 0-5 A Li2
46.2 0.16 34 49.1 475 0.094 5.2 8.88 5-50
22.3 1.35 30.8 66.8 2.4 0.18 314 8.61 0-25 A Qal L;éf,] W
24.0 1.12 42.0 56.3 1.7 0.28 27.9 9.33 25-40 Bw Alluvial plain
28.8 0.39 423 56.2 1.5 1.84 23.5 9.27  40-100
31.1 1.08 16.1 69.6 14.3 0.15 24 .4 8.71 0-25 A Qa4
31.6 0.89 22.6 64.0 13.4 0.17 24 .4 9.05 25-40 Bw
344 0.39 25.7 61.1 13.2 0.21 23.5 8.82  40-100 C
43 0.67 9.4 45.7 449 0.085 21.0 8.27 0-10 A Shl Ja
5.0 0.16 25.9 52.4 21.7 0.062 48.2 8.25 10-20 C Shale
NA NA NA NA NA NA NA NA +20 R
15.9 0.39 15.6 40.4 44.0 0.087 22.7 8.64 0-25 A Sh3
21.3 0.20 15.1 439 41.0 0.085 21.8 8.49 25-55 Bk
15.1 0.12 13.8 37.5 48.7 0.082 23.6 8.40 55-100 C
0.50 7.5 10.4 432 46.4 0.67 21.0 8.75 0-25 A Qfl
6.4}.{}! ijﬁu
0.32 9.4 5.0 44.0 51.0 0.74 23.6 8.81 25-50 Bw Fan deposite
0.28 16.0 12.3 32.0 55.7 0.68 17.5 8.49 50-80
0.67 26.8 10.0 52.4 37.6 0.10 17.4 8.54 0-25 A Qtl v/':é_;-i] «\Jlf:b,
0.63 23.8 13.3 475 39.2 0.12 17.8 8.60 25-55 Bw Fluvial
terrace
0.47 28.4 13.8 48.2 38.0 0.12 17.5 8.60 55-105 C
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Table 2. Total concentration of heavy metals in selected parent materials and soil profiles (mg/kg). Two
and three replications for parent material (R) and soil horizons, respectively, were analyzed.

s

S S S AR o poeS ool oS Sl esle

Zn Pb Ni Mn Cu cd  Fe(x107) H":Z" Profile Parent material

101.3 325 69.9 1570.8 28.3 1.4 54.4 A Schl R

100.9 31.1 23.1 1427.8 27.5 1.2 49.6 CB Schist

NA NA NA NA NA NA NA Cr

98.0 29.0 55.8 992.2 259 1.5 37.9 A Sch2

84.4 26.9 37.8 969.8 23.0 1.2 40.3 Bk

81.3 27.6 463.4 986.7 26.2 1.8 325 C

71.1 10.9 39.1 301.0 17.6 0.5 473 R

74.9 26.5 18.9 326.3 20.3 0.9 17.6 A Lil Sal K

60.5 25.5 21.3 304.5 21.0 1.1 14.8 CB Limestone

31.1 23.0 10.3 150.4 15.9 0.9 9.8 A Li2

11.5 21.1 5.4 43.8 14.0 0.8 6.1 Cr

8.5 23.8 10.9 35.0 7.0 2.2 4.0 R

94.4 334 59.7 844.6 30.1 1.6 45.6 A Qal L;.éjﬁ s

88.5 335 56.5 860.0 28.7 1.4 44.2 Bw Alluvial plain

80.1 28.9 61.3 818.0 30.0 1.3 473

60.6 28.9 33.0 652.5 26.4 1.6 30.2 A Qa4

67.3 29.6 48.0 682.0 26.6 1.2 30.5 Bw

57.3 29.8 47.8 683.0 25.1 1.0 27.7 C

66.6 29.8 48.1 739.0 28.9 1.2 354 R

1243 32.7 63.0 849.2 29.4 1.2 38.4 A Shl Ja

172.6 37.1 78.0 868.6 33.1 1.6 48.1 C Shale

NA NA NA NA NA NA NA R

117.6 37.3 67.7 649.9 33.7 1.1 39.5 A Sh3

107.7 34.0 57.3 527.8 30.1 0.9 32.0 Bk

115.6 35.6 52.6 516.7 335 1.1 335 C

121.1 15.0 53.5 390.7 37.1 0.7 40.1 R

70.1 36.2 46.0 1000.1 28.8 1.2 50.3 A Qfl SISl by e anigs

70.3 34.7 49.9 1155.0 28.3 1.2 44.0 Bw Fan deposite

72.4 355 44.6 1022.1 26.0 1.3 38.3 C

70.5 34.6 42.9 1237.0 27.1 1.5 40.2 R

73.7 322 38.9 580.9 23.5 1.6 29.0 A Qtl L;éf,] Bl

80.0 309 37.7 563.0 23.9 1.6 36.9 Bw Fluvial terrace

66.0 30.4 352 443.7 23.1 1.8 29.5 C

62.7 30.9 34.0 471.4 233 1.8 25.6 R
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Table 3. Mean comparison of total concentration of heavy metals in soil profiles grouped by parent

materials.
VAT S e Jf\'f J_<,,¢ Bl rﬂéls Sl 6_))\.» o3l
Fe (x107) Zn Pb Ni Mn Cu Cd n Parent material
38.52° 136.0° 32.3% 57.7° 5943% 3130 1.03% 8 &=
Shale
42.98° 95.0° 28.6° 55.0° 1167.8*  26.6° 1.44 7 o
Schist
c c c c d d c &T &""
13.76 52.0 243 16.6 2477 19.0 0.96 5
Limestone
5 el
37.13° 713% 308 553%  769.0°  28.7%  1.40° 12 G
Alluvial plain
1S5l by S dning
44.14° 69.0° 349°  451%  11943°  27.8° 140 5 SS9 e e
Fan deposit
b c ab b cd c a ;;JIJ AJK)L_!
24.58 61.1 31.2 314 426.6 22.0 1.77 10

Fluvial terrace
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Table 4. Pearson correlation between total concentration of heavy metals and the physical and chemical

properties of soil profiles.

Dols cd b S SlS 3 Culda
o s S) (Y S
~ , - SsS B
Sand Silt Clay oC Metal
CEC CaCOr EC
rﬂéls
-0.38%* 0.33* 0.33* 0.24 0.18 -0.28%* 0.32% -0.27
Cd
-0.05 -0.13 0.28* 0.45%* -0.74%* -0.02 -0.28%* 0.39%* o
Cu
-0.09 0.01 0.16 0.50%* -0.71** 0.12 -0.28%* 0.13 o
Mn
-0.25 0.06 0.42%* 0.60** -0.71** -0.02 -0.20 0.28* J;w
i
-0.05 -0.07 0.19 0.43%* -0.38%* 0.10 0.00 -0.05 =
Pb
0.27 -0.41%** -0.02 0.42%* -0.70** -0.19 -0.29* 0.06 ¢
Zn
“al
-0.04 -0.14 0.27 0.56** -0.84** 0.02 -0.20 0.24 o
Fe
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Table 5. Pearson correlation between total concentration of heavy metals in soil profiles (n=47).

ool 3 oy S 7S o poedlS
Fe Zn Pb Ni Mn Cu Cd
1 rﬂéls
cd
1 0.01 o
Cu
0.53%* 0.01 7o
Mn
1 0.65%* 0.78%* 0.06 g
Ni
1 0.54%* 0.41%* 0.54%* 0.23 -
Pb
1 0.25 0.60%* 0.24 0.69%* 0.32 e
/n
- al
1 0.58%* 0.52%* 0.82%* 0.82%* 0.79%* 0.02 o
Fe
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Table 6. Variation percentage of different heavy metals in selected soil profiles developed on different

parent materials based on Eq. 1.

ol pol8 o e g S < & @.ha
Fe Cd Cu Mn Ni Zn Pb Horizon Profile
3.0 0.0 -17.0 38.5 -9.7 27.9 82.7 A Sh2
-13.0 71.4 -21.0 1.2 -10.7 18.9 73.3 Bw
1.0 57.1 -16.4 27.0 -12.9 25.1 89.3 C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 R
-19.9 200.0 472 229.6 42.7 37.8 166.1 A Sch2
-14.8 140.0 30.7 2222 -3.3 18.7 146.8 Bk
-31.3 260.0 48.9 227.8 11.0 14.3 155.0 C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 R
340.0 -59.1 190.0 832.3 73.4 781.2 11.3 A Lil
270.0 -50.0 200.0 770.0 95.4 611.8 7.1 CB
0.0 0.0 0.0 0.0 0.0 0.0 0.0 R
-3.6 23.1 0.3 3.2 2.6 17.9 15.6 A Qal
-6.6 7.7 -4.3 5.1 -7.8 10.5 15.9 Bw
0.0 0.0 0.0 0.0 0.0 0.0 0.0 C
31.3 -1.7 10.8 2.2 3.1 -3.2 1.7 A Qfl
14.9 -1.7 8.8 13.0 11.9 2.9 -2.5 Bw
0.0 0.0 0.0 0.0 0.0 0.0 0.0 C
-1.7 -11.1 1.7 30.9 10.5 11.8 5.9 A Qtl
25.1 -11.1 3.5 26.9 7.1 21.2 1.6 Bw
0.0 0.0 0.0 0.0 0.0 0.0 0.0 C
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Figure 2. Dendrograms of total concentration of heavy metals for pedogenic horizons in studied

soil profiles.
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Figure 3. Dendrograms of total concentration of heavy metals for all horizons in studied soil profiles

(solum together with C, CB and Cr horizons).
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Abstract

Background and Objectives: The content and distribution of heavy metals in soil environment
are mainly controlled by two broad factors, namely inheritance (geogenic) and non-inheritance
(pedogenic or anthropopedogenic) factors. In the early stages of soil development, the status of
heavy metals is mainly influenced by the composition of parent materials; over the course of
time, however, different pedogenic and anthropogenic processes become important (11, 12).
This study aimed to investigate the effect of these factors on the content and depth distribution
of selected heavy metals in soils near Mofateh Martyr powerhouse in Hamedan.

Materials and Methods: Six types of parent materials consisting of shale (Sh), schist (Sch),
limestone (Li), alluvial plain (Qa), alluvial terraces (Qt) and fan deposits (Qf) were identified in
the study area and soil genesis and evolution were studied.Total content of Cd, Cu, Mn, Ni, Zn,
Pb and Fe were determined in both soil horizons and parent materials. The mineralogy of parent
materials was assessed.

Results: The maximum degree of soil development in all of the selected parent materials is
restricted to the formation of Inceptisols (Typic Haploxerepts and Typic Calcixerepts), mainly
due to the limited weathering conditions prevailing in this semiarid region; although, the rate of
soil forming processes and, in turn, soil development is relatively higher in soils derived from
limestone, which is more sensitive to chemical weathering. In contrast, the higher relative
resistance of shale to weathering processes explains the formation of less developed soils on this
parent material. In general, the concentration of most selected heavy metals is controlled by the
nature of parent material in the study area. The highest amount of zinc, copper and nickel was
observed in Sh soils (136.0, 31.3 and 57.7 mg/kg, respectively); accordingly, the highest
concentration of these metals was also measured in the shale (121.1, 37.1 and 53.5 mg/kg,
respectively). Li soils have the lowest amount of cadmium, copper, manganese, nickel, zinc,
lead and iron; the lowest amount of copper, manganese, nickel, zinc and iron was also measured
in limestone. However, cadmium content in limestone is highest compared to the other parent
materials. By grouping soil horizons and parent materials using cluster analysis, most of the C
horizons were located in clusters related to their corresponding pedogenic horizons, indicating
the similarity of pedogenic horizons with parent materials and hence the importance of
inheritance factor in controlling the concentration of selected metals. However, concentration of
metals in soil horizons, particularly in limestone profiles, is higher than parent materials; this is
due to metal enrichment in soils during pedogenic processes, especially leaching of carbonates.
Conclusion: The concentration of all metals (except for Mn) is mainly controlled by parent
material and pedogenic processes have minor effects in the studied soils.
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