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Abstract

Introduction: With the rapid development of industry and urbanization, soil pollution with
heavy metals as a result of ecosystem destruction has attracted global attention. Pollutants are
considered environmental threats and among pollutants, heavy metals are known for their non-
degradability and physiological effects on living organisms even at low concentrations. The close
correlation of magnetic properties and heavy metals shows that magnetic measurement is an
efficient and cheap tool to detect heavy metal contamination in soils affected by heavy industries
and traffic pollution. Magnetic minerals in soil may be inherited from parent rocks (lithogenic
origin), pedogenesis (pedogenic origin), or may result from human activities (secondary
ferromagnetic materials). The concentration of metals can be influenced by geomorphology and
various soil properties such as organic carbon, electrical conductivity. Land use directly or
indirectly affects the geochemical behaviors of heavy metals through regulating soil properties.
The main objectives of this study were to investigate the effect of land use change on magnetic
receptivity and the concentration of some heavy metals including zinc, copper, iron, nickel,
chromium, cobalt and manganese in the 20 cm soil surface layers, and to explore spatial
distribution of magnetic receptivity and heavy metals under different types of land use and
geomorphological units in the studied area.

Materials and Methods: The present research was conducted in Isfahan province in the center
of Iran with an area of 227 Km?. This area has an average temperature of 9.8 °C and an average
annual rainfall of 324 mm and an altitude of 2380 meters a.s.l. Based on Kopen's classification,
the climate was classified as semi-arid with cold winters. Geologically, it belongs to the
Sanandaj-Sirjan zone, the dominant rocks of the area include limestone, shale limestone, slate
and Quaternary sediments. The most important land uses in the region included pasture, rainfed
and irrigated agriculture, and in terms of geomorphology, the region comprised river plains and
pediments. Soil sampling was done by stratified random method. A total of 100 samples were
collected from the surface layer (0-20 cm depth) in the summer of 2021. Magnetic susceptibility
was measured at high and low frequencies using Bartington MS2 dual frequency sensor. The
concentration of heavy metals including iron, zinc, manganese, nickel, copper, chromium and
cobalt were measured by atomic absorption spectroscopy. pH, organic carbon, calcium carbonate,
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electrical conductivity were measured in all samples. Spearman's correlation coefficient was used
to check the correlation between different parameters. Analysis of variance was applied to
evaluate the effects of geomorphology and land use on heavy metals and magnetic susceptibility.
Spatial analysis was performed for heavy metals and magnetic susceptibility, and the maps were
prepared in ArcGIS v.10.7 software.

Results and Discussion: The results showed that there was a negative and significant correlation
between calcium carbonate, heavy metals and geomorphology. There was no significant
correlation between organic carbon and heavy metals in land uses. There was a negative
correlation in the river plains and alluvium. There was a significant negative correlation between
electrical conductivity, copper, manganese, and nickel. In the use of agricultural lands and river
plains, there was a positive correlation between low-frequency magnetic susceptibility and high-
frequency magnetic receptivity with electrical conductivity. Also, pH showed a significant
negative correlation with magnetic susceptibility in pasture land and had no relationship in other
land uses. There was a positive correlation between calcium carbonate and frequency-dependent
magnetic susceptibility in agricultural land use and river plains.

There was a significant positive correlation between heavy metals and magnetic susceptibility in
pediments and some land uses, especially in rainfed lands. The results of analysis of variance
showed significant difference (p*<0.05) in land use regarding heavy metal concentrations. In this
analysis, there was a significant difference between cobalt, nickel and manganese elements
according to land use, and the magnetic susceptibility among the studied geomorphic surfaces.
According to the results of the test, there was a significant difference for heavy metals in various
geomorphic surfaces. The content of iron, chromium, cobalt, nickel and manganese in river
plains and pediment had significant differences with hills.

Conclusion: The average of nickel and manganese in the soils of the study area is higher than the
normal range, due to parent materials effects and agricultural activities (plowing and irrigation)
accelerate the soil formation processes and increase the amount of these elements in the soil. The
highest concentrations of cobalt, iron, zinc, copper, nickel and chromium elements were observed
in dryland farming. In addition, investigating the spatial distribution of magnetic receptivity
values and heavy metals in different places are significantly different. Higher values of magnetic
susceptibility were seen in the center of the studied area. Spatial distribution of heavy metals iron
and chromium are concentrated in the center of the region and other metals are concentrated in
the west and northwest. Probably, parent materials such as shale, dolomite, limestone and
sandstone and weathering and release of elements in the soil increase the concentration of these
elements in the region.
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Table (1) Descriptive statistics of selected soil properties from the surface layer in different land use

of the study are
Sl A oS Slone Sl s (D) Sl i s 2 S SS
Minimum Maximum Mean Std.Dev Variance CV (%) Skewness Kurtosis
058" 5,0 - Agriculture land (N=40)
xIf 29.77 83.97 51.39 10.80 116.75 21.01 0.71 1.15
(x10 8 mP kg™
xhf 28.82 68.45 49.30 9.71 94.45 19.69 0.50 0.87
(x10° m*kg™)
xfd (%) 0.29 8.80 3.82 1.71 2.95 44.76 1.24 1.92
(Fe) (mg/kg) T 9300 52400 26707.27 8804.50 77519257.50 32.96 0.46 0.16
(Zn) (mg/kg) s, 38.30 94.60 65.38 13.38 179.27 20.46 -0.27 -0.47
(Cu) (mg/kg) e 11 35 24.52 5.09 25.97 20.75 -0.20 0.76
(Co) (mg/kg) s 11 29 19.25 4.02 16.19 20.88 0.33 -0.0
(Ni) (mg/kg) J 38 148 103.61 22.67 514.15 21.88 -0.65 0.90
(Mn) (mg/kg) ;% 564 2090 1197.36 263.21 69281.81 21.98 0.67 2.35
(Cr) (mg/kg)es s 0.00 113 53.02 22.75 517.79 42.90 0.12 0.14
Er stk Rangeland (N=22)
xIf 24.30 77.57 50.49 16.15 260.82 31.98 0.13 -1.10
(x10¥m* kg ™)
xhf 24.72 74.97 48.85 15.58 242.80 31.89 0.16 -1.13
(x10¢ m* kg ™)
xfd (%) 2.36 5.23 3.33 0.72 0.52 21.68 0.74 0.76
(Fe) (mg/kg) T 14040 38480 24581.81 7276.96 52954244.15 29.60 0.32 -.88
(Zn) (Mg/kg) s, 48.10 108.80 71.30 19.87 394.82 27.86 0.64 -1.05
(Cu) (mg/kg) e 15 47 24.54 7.42 55.11 30.23 1.28 2.49
(Co) (ma/kg) s 10 30 20.63 5.39 29.10 26.12 -0.11 -0.46
(Ni) (mg/kg) J 45 139 99 30.38 923.52 30.68 -0.36 -1.20
(Mn) (mg/kg) ;X 744 3298 1431.72 567.56 322130.77 39.64 1.96 4.73
(Cr) (mg/kg)es s 0.00 86 49.36 28.75 827.10 58.24 -0.67 -1.03
> 4+ Rainy land (N= 38)
xIf 28.82 107.95 53.27 15.67 245.58 29.41 .1.36 3.14
(x10 8 m kg ™)
xhf 27.82 101.12 51.37 14.65 214.85 28.51 1.21 2.63
(x10 ¢ m* kg ™)
xfd (%) 1.77 6.32 3.38 0.99 0.98 29.28 1.36 2.28
(Fe) (mg/kg) T 12560 43860 27943.15 8253.44 68119362.73 29.53 0.08 -1.15
(Zn) (mg/kg) s, 44.80 162.4 72.70 21.80 475.59 29.98 1.91 6.44
(Cu) (mg/kg) s 15 49 27.10 6.61 43.71 24.39 0.95 2.17
(Co) (mg/kg) s 14 33 21.50 4.90 24.04 22.79 0.53 -0.07
(Ni) (mg/kg) Js& 63 151 113.15 21.88 478.94 19.33 -0.26 -0.59
(Mn) (mg/kg) ;X 628 1920 1238.47 312.47 97643.55 25.23 0.27 -0.33
0.00 105 58.60 27.78 772.08 47.40 -0.60 -0.28

(Cr) (Mg/kg) s 5




\nt4

j&j}jﬁ)}ﬁ}jj}f‘)‘&j)l{jg%Q‘)&aﬂ})ﬁ}‘f

axfllan 8550 dikain < 59898 59095 Lalie obaw 18 I xdaw 4Y S T 39 Sl Ologas (¥) Sy
Table (2) Descriptive statistics of selected soil properties from the surface layer in different
geomorphic surfaces in the study area

Sl A oS Sloas 3l O P (A Y P R S SS
Minimum  Maximum Mean Std.Dev  Variance CV (%)  Skewness Kurtosis

REWRY Pediment (N=40)

xIf 28.30 107.95 50.84 14.64 214.37 28.79 1.47 4.58
(x10 8 m kg ™)
yhf 27.32 101.12 49.10 13.84 191.80 28.18 1.30 3.75
( 8 3k 1
x10° m° kg~
xfd (%) 0.29 6.32 3.34 0.96 0.93 28.89 0.17 3.50
(Fe) (mg/kg) o7 15120 40820 27340.97  7505.05 56325919.02 27.44 0.17 -1.10
(Zn) (ma/kg) s, 39.70 108.80 68.97 16.50 272.43 23.92 0.42 -0.34
Cu) (mg/ki 17 35 25.09 5.24 27.49 20.88 0.24 -0.92
0/Kg)
(Co) (mg/kg) s 14 31 20.12 3.80 14.51 18.88 0.94 0.95
Ni) (mg/k ; 45 148 108.70 23.78 565.51 21.87 -0.65 0.22
o/kg) S
(Mn) (mg/kg) ;%X 762 3298 1283.17 406.60 165326.79 31.68 3.13 14.74
(Cr) (mg/kg)es s 0.00 113 54.19 27.97 782.76 51.61 -0.54 -0.15
sl s, slacss- River plains (N=50)
xIf 24.30 88.65 51.12 13.22 174.84 25.86 0.64 0.81
(x10 8 m kg™
xhf 24.72 83.27 49.06 12.12 147.02 24.70 0.55 0.69
( 8 -3 k 1
x10° m° kg™
xfd (%) 1.73 8.80 3.81 1.55 2.42 40.68 1.65 2.51
(Fe) (mg/kg) o7 9300 52400 27415.09  9095.61 82730229.31 33.17 0.20 -0.34
(Zn) (mg/kg) 3, 38.30 162.40 67.48 19.50 380.46 28.89 2.28 9.71
Cu) (mg/ki 11 49 25.92 7.16 51.30 27.62 0.93 2.36
0/Kg)
(Co) (mg/kg) s 10 33 20.62 5.01 25.16 24.29 0.17 -0.21
(Ni) (mg/kg) J<s 38 151 103.67 23.98 575.18 23.13 -0.55 0.40
(Mn) (mg/kg) ;&% 564 2362 1200.22 325.57 106001.79 27.12 1.17 3.03
(Cr) (mg/kg)es s 0.00 105 55.75 24.27 589.26 43.53 -0.21 -0.42
4531 b5 e Alluvial fan (N=6)
xIf 53.72 77.12 64.54 8.77 76.93 13.58 0.05 -0.85
(x10¥m*kg™)
xhf 52.35 74.97 62.67 8.54 72.93 13.62 0.07 -0.86
( 8 3k 1
x10° m° kg™
xfd (%) 2.56 3.28 2.89 0.30 0.09 10.38 0.07 -2.08
(Fe) (mg/kg) c»T 18080 26420 22380 3408.76 11619680 15.23 -0.42 -1.72
(Zn) (mg/kg) s, 79 104.50 92.65 9.26 85.77 9.99 -0.31 -0.76
(Cu) (mg/kg) s 24 33 28.33 3.01 9.06 10.62 0.24 0.88
(Co) (mg/kg) cius 18 31 24.16 4.99 24.96 20.65 0.15 -1.55
(Ni) (mg/kg) Js& 115 147 131.83 10.88 118.56 8.25 -0.54 0.54
(Mn) (mg/kg) ;X 1600 1964 1761.66 173.91 30245.46 9.87 0.09 -3.05
(Cr) (mg/kg)es s 55 85 66.83 12.10 146.56 18.10 0.55 -1.15
45- Hill (N=4)
xIf 41.20 74.02 53.71 14.25 203.15 26.53 1.42 2.33
(x10 8 m kg ™)
xhf 40.60 70.02 51.73 12.82 164.55 24.78 1.43 2.29

(10 mi kg™
xfd (%) 1.45 5.39 3.36 1.61 2.59 4791 0.20 1.44
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(Fe) (mg/kg) o7 15300 18520 17375 1457.06 2123033 8.38 -1.46 1.89
(@n) (m/kg) <5,  58.20 64.70 62.02 2.93 8.60 472 -0.80 1.0
(Cu) (Mg/kg) s 17 20 19 1.41 2 7.42 141 1.50
(Co) (mg/kg) ciis 11 16 13.75 2.62 6.91 19.05 0.12 5.29
(Ni) (mg/kg) Sz 58 85 7350 13.67 187 1859 -0.28 436
(Mn) (mglkg) ;5= 966 1388 1113 192.76 37158.66 1731 1.48 191
(C1) (mglkg) s 5 7 27 17 8.32 69.33 48.94 0.00 0.39

W il 3 55 guablite (638 5 dy =YRE 85 & atly ol (6508 s =xfd =l (1875 55 pudilitn (6,8 dp-xIE
yIf = magnetic susceptibility at low frequency; yhf = magnetic susceptibility at high frequency; yfd = Frequency dependent magnetic susceptibility
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Table (3) Spearman correlation between selected soil properties, heavy metals and magnetic
susceptibility parameters in different landuse

S s S O Jslas dS” Sl S ST
EC(dS/m) pH CCE(%) SOC(%)
$islas s, -Agriculture land (N=40)
2T (Fe) (mg/kg) 0.08 0.03 -0.26 -0.27
<, (Zn) (mg/kg) 0.10 0.00 -0.23 -0.05
= (Cu) (mg/kg) -0.16 0.18 -0.48" -0.28
2JLs(Co) (mg/kg) 0.06 -0.10 0.05 -0.11
Jit;(Ni) (mag/kg) -0.11 0.15 -0.29 -0.28
& (Mn) (mg/kg) -0.11 0.14 -0.517 -0.12
es S (Cr) (mg/kg) -0.03 0.06 -0.05 -0.24
xIf(x10 8m? kg ™) 0.40™ -0.09 0.10 0.26
xhf(x10 ®m® kg ™) 0.41™ -0.09 0.08 0.26
xfd ) 0.19 -0.13 0.46 0.21
Erstl- Rangeland (N=22)

a1 (Fe) (mg/kg) -0.38 0.26 -0.05 -0.32
<3 (Zn) (mg/kg) -0.05 0.00 -0.52" 0.03
o~ (Cu) (mg/kg) -0.32 -0.10 -0.39 -0.32
2ILs (Co) (mglkg) -0.16 -0.07 -0.12 -0.24
ng; (Ni) (mg/kg) -0.07 -0.33 -0.32 -0.06
&2 (Mn) (mg/kg) 0.04 -0.24 -0.51" 0.06

(Cr) (mg/kg) -0.08 0.04 -0.17 -0.00

ts5
xIf(x10 8m® kg ™) 0.21 -0.50" -0.49 0.36
xhf(x10 ®m® kg ™) 0.23 -0.53™ -0.51" 0.38
xfd ) -0.05 0.38 0.35 -0.08
23 2l Rainy land (N=38)

5T (Fe) (mglkg) -0.07 0.13 -0.19 -0.15
<3, (Zn) (mg/kg) -0.10 -0.45™ 056" 0.25
e (Cu) (mg/kg) -0.347 -0.13 -0.35" 0.19
IS (Co) (mglkg) 0.14 -0.16 -0.11 0.16
JS (Ni) (mg/kg) -0.12 -0.14 -0.417 031
£ (Mn) (mg/kg) -0.35 -0.32" -0.66™ 0.24

(Cr) (mg/kg) -0.19 0.05 -0.48™ -0.12

e

xIf(x10 8m? kg ™) -0.11 -0.09 -0.50™ 0.18
xhf(x10 ®m® kg ™) -0.11 -0.08 -0.49™ 0.18
xfd ) 0.35 -0.05 0.13 -0.12
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Table (4) Spearman correlation between heavy metals and magnetic susceptibility with soil
properties in different geomorphic surfaces

S s S e Jlae S Sl S STos
EC(dS/m) pH CCE(%) SOC(%)
Ces s pediment (N= 40)
»T( Fe) (mglkg) 0.12 -0.25 -0.09 0.07
&3, (Zn) (my/kg) -0.06 -0.04 -0.39" 0.02
= (CU) (mg/kg) -0.16 -0.10 -0.50” -0.13
=JLS(Co) (my/kg) -0.10 -0.15 -0.17 -0.00
JSG(Ni) (mg/kg) 0.07 -0.27 -0.36" 0.01
& (Mn) (Ma/kg) -0.18 -0.03 -0.61" 0.09
¢35 (Cr) (mglkg) -0.06 0.06 -0.12 -0.05
xIf(x10 ®m® kg ™) -0.09 -0.12 -0.44™ 0.07
xhf(x10 8m® kg™ -0.10 -0.12 -0.44™ 0.06
xfd ) 0.03 -0.02 0.15 -0.08
a3y, casRiver plains (N=50)
»T( Fe) (mg/kg) -0.14 0.33" -0.34 -0.39”
<3, (Zn) (mglkg) -0.02 -0.09 -0.50" -0.05
o~ (Cu) (mg/kg) -0.33° 0.11 -0.41" -0.24
=JLS(Co) (my/kg) -0.00 -0.02 -0.06 -0.14
JSC(Ni) (mg/kg) -0.35" 0.19 -0.42" -0.30"
& (Mn) (Ma/kg) -0.28" 0.04 -0.59” -0.15
¢35 (Cr) (mglkg) -0.15 0.09 -0.43” -0.32"
xIf(x10 ®m® kg™ 0.29 -0.22 027" 0.28"
xhf(x10 8m® kg™ 0277 -0.21 -0.30" 0.26
xfd ) 0.32 -0.09 0.42 0.27
4S5l 5 5 Alluvial fan (N=6)
»T( Fe) (mglkg) -0.65 0.33 -0.31 -0.60
<5, (Zn) (mg/kg) -0.77 24 -0.75 -0.02
= (Cu) (mg/kg) -0.66 0.39 0.04 -0.81"
=ILs(Co) (mg/kg) -0.65 -0.06 0.26 -0.65
JSC(Ni) (mg/kg) -0.54 0.43 0.14 -0.88"
8% (Mn) (mg/kg) -0.77 -0.15 -0.63 0.20
¢35 (Cr) (mg/kg) -0.75 0.12 -0.64 -0.20
xIf(x10 8m® kg™ -0.08 -0.46 -0.87" 0.71
yhf(x10 ®m® kg ™) -0.08 -0.46 -0.87" 0.71
xfd(n) -0.42 -0.30 -0.02 0.31
«5 Hill (N=4)
aT( Fe) (mg/kg) 0.00 -0.31 -0.80 -0.31
<35 (Zn) (mglkg) 0.00 -0.31 -0.80 -0.31

(£)J 9o 4wl
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-~ (Cu) (mg/kg) 0.10 0.50 -0.31 -1.00™

<JLS(Co) (my/kg) 0.10 0.50 -0.31 -1.00™

JS(Ni) (mg/kg) 0.10 0.50 -0.31 -1.00™

%% (Mn) (mg/kg) -0.20 -0.63 -0.20 0.73
¢5,5(Cr) (mglkg) 0.60 -0.63 -1.00” -0.31
xIf(x10 ®m® kg ™) 0.20 0.63 0.20 -0.73
xhf(x10 ®m® kg ™) 0.20 0.63 0.20 -0.73
xfd () 0.40 0.31 0.40 -0.21
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Table (5) Results of LSD test for heavy meatls and magnetic measures in different land uses

Landuse xIf xhf xfd Fe Zn Cu Co Ni Mn Cr
EoslsS 51.39% 49.30° 3.82¢ 26707.27¢ 65.38° 24.52% 19.25° 103.61%® 1197.36° 53.29°
Agriculture

o 53.27° 51.37% 3.38° 27943.1° 72.70° 27.10° 21.50% 113.15° 1238.47° 58.60°
Rainy land

o 50.49° 48.85% 3.33¢ 24581.81% 71.30° 24.54° 20.63° 99? 1431.72° 49.36°
Rangeland

*. The mean difference is significant at the 0.05 level.

cCnl Yl gae r /00 cl:.u): u':'<'L:‘ oMt *

lizee < 59098990835 T gk 33 (S yolis LSD el @l (V) Jovr
Table (6) LSD test results for selecetd heavy elements in various geomorphic units

Geomorphic xIf xhf xfd Fe Zn Cu Co Ni Mn Cr
unit
Slosss,css  5L12% 49.06° 3.81% 27415.09° 67.48" 25.92° 20.62° 103.67° 1200.22°  17°
River plains
Cimy 50.84* 49.10° 3.34* 27340.97° 68.97* 25.09° 20.12° 108.70° 1283.17° 54.19"
pediment
ol by e 6454° 62677 2.89° 22380  92.65° 28.33° 24.16° 131.83° 1761.66° 66.83"
Alluvial fan
" 53.71* 5173 3.36* 17375 62.02* 19° 13.75* 73.50* 1113 17°
Hill

.*. The mean difference is significant at the 0.05 level.
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Figure(3) Spatial distribution of heavy metals and Magnetic susceptibility by kriging technique
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