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Figure 1. Map of sampling points in north of Khuzestan province.
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Table 1. Selected characteristics of study area in north of Khuzestan province.
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Table 2. Classes and pollution levels based on Muller’s Geo-accumulation index (Igeo).
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Table 3. Statistical analysis of physicochemical characteristics of soils in North of Khuzestan province.

(Studied parameters) asllas 3, 30 Slis sz

Cu Pb Clay Silt Sand  Gypsum  CCE oC CEC EC* | (Statistics) oLl
(mgke %) (emolkg!)  (@S.m™y P

2.2 1.0 4.5 2.0 2.0 0 18.0 0.55 6.50 0.06 7.11 (Minimum) J3la>~
1172 86.0 60.5 91.0 79.5 16.0 50.0 3.67 1.04.00 85.37 8.93 (Maximum) ;Sli~
12.4 11.4 30.1 43.8 26.2 0.84 40.5 1.46 26.57 9.01 7.72 (Mean) ;S
7.4 8.1 315 43.0 26.5 0.15 38.5 1.33 24.12 3.88 7.66 (Median) «<L.
3.1 2.0 33.0 44.0 255 0 38.0 1.35 18.50 4.09 7.55 (Mode) s
2550 1751 1027 1442 139.6 5.18 31,6 37.69 219.28 24226 0.06 (Variance) L5
3.7 2.5 -0.04 0.45 0.54 4.34 0.38  0.97 1.99 2.84 1.03 (Skewness) S o
18.2 8.6 -0.43 2.1 1.87 20.91 1.36 2.24 5.64 8.09 2.41 (Kurtosis) Si.:s

J1 25 =OC (Cation Exchange Capacity) 5,518 Jsls <,k =CEC (Cation Exchange Capacity) Il culus < =EC *

.(Calcium Carbonate Equivalent) Jslxs wdS <l S =CCE «(Organic Carbon)
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Table 4. Mean of physicochemical characteristics of soils in different land uses in North of Khuzestan.

(Land use type) 55l )8 ¢ 5

Industrial Urban Agriculture  Forests Rangelands  Uncultivated A= &R
s S $5oskES S Er b
7.63 7.65 7.65 7.77 7.80 7.72 - pH
@s.mh Electrical conductivity
5.89 8.87 2.95 2.32 341 13.19 -m LSS alis LS
(emol ke™) CEC
m
19.45 27.35 26.49 32.99 29.58 26.5 cmol kg 5555 Iols i
%) oc
A b
1.45 1.49 1.55 1.78 1.46 1.37 ST onsS
%) CCE
40.54 38.38 39.59 41.90 40.77 40.48 0 Jolas eanlS S S
0 Gypsum
0.73 0.29 0.24 0.16 0.57 0.85 () ¢
&
. Sand
36.78 28.20.730 27.60 19.83 23.42 26.37 %) o
o Silt
40.18 42.42 42.92 48.19 4474 43.59 %) 1
. Clay
23.04 29.57 29.47 31.97 31.83 30.08 %) ™
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Figure 2. Effects of land use on total concentration of Pb and Cu in soils of study area (for each element land
uses tapped with different letters are statistically different at P<0.05).
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Figure 3. Effects of land use on geo-accumulation index (Igeo) of Pb and Cu in soils of study area.
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Table 5. Mean concentrations of total Pb and Cu in selected parent materials of the area studied.
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Table 6. Mean concentrations of total Pb and Cu in soils developed on parent materials studied.
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Figure 4. Relationships between total concentration of Pb in soils and associated parent materials.
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Abstract

Background and Objectives: Due to the intensified industrial activities and excessive
application of pesticides and insecticides as well as fertilizers and industrial organic waste over
the last few decades, there has been a great deal of concern about the accumulation of heavy
metals in soils across the northern parts of Khuzestan province as the agriculture hub of the
province. This study attempted to examine the effect of land uses and soil parent materials on
spatial variability of copper and lead elements and to specify the critical points (hotspots)
contaminated with these metals across the northern parts of Khuzestan province.

Materials and Methods: A total number of 300 composite soil samples (0-10 cm) were
collected randomly at short, medium and long intervals across urban, agricultural and natural
areas in north of Khuzestan, respectively; covering several cities including Shushtar, Shush,
Izeh, Bagh Malek, Andika, Gotvand, Dezful, Masjed Soleiman, Lali and Andimeshk. Moreover,
26 samples were retrieved from the region in order to evaluate the effect of parent materials.
Then, the physical and chemical properties of samples were specified after transporting them to
the laboratory and preliminary arrangements under standard procedures. Furthermore, the total
concentrations of lead and copper were measured using Varian A240 atomic absorption
spectrometer (AAS) equipped with a graphite furnace.

Results: The results indicated that the maximum of total concentrations of lead and copper were
found in lands with industrial use, while the urban, agricultural, pasture and forest land uses
accounted for the next values. When the total concentrations of these elements compared with
the safe limits suggested by other countries, it was understood that the soils were not
contaminated with lead and copper elements. However, the lands with industrial use were closer
to critical levels. The greatest values of geoaccumulation index (I,,) were found in industrial
and urban land uses, whereas lands under agriculture, pasture and forest uses took up the lower
ranks, respectively. Examination of the effect of parent materials on the distribution of lead and
copper across the study area demonstrated that the highest concentration of these elements could
be arranged as shales > marl > indiscriminate sediment > sandstone > limestone. Besides, the
comparison of total concentrations of heavy metals lead and copper in soils and corresponding
parent materials revealed that the concentrations of these elements were greater in soils as
compared to those in the parent materials.

Conclusion: When concentrations of lead and copper in soils and parent materials and in the
land uses are compared, it could be concluded that both anthropogenic and geogenic sources
have contributed to the distribution of lead and copper in the study area.
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