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Abstract

To investigate and assess the effects of land use and land cover (LULC) on
concentrations of heavy metals in the surface soils of Lesser Zab River Basin
(LZRB), 25 surface soil samples were taken from different LULC classes. Heavy
metals concentrations were measured and their enrichment factors were calculated.
Most of the LZRB soil samples are moderately alkaline with pH>8 and
characterized by low organic content. The average abundance of the major oxides
follow the decreasing order of SiO, % > CaO % > Al,03; % > Fe,0; %> MgO >
K,0 % > TiO, % > Na,O % > SOz % > P,Os5 %. A correlation matrix revealed that
clay and feldspar minerals, Fe and Mn oxides / hydroxides are the most important
carrier phase for several heavy metals as their correlation of high significant values.
The average values of the heavy metal contents are arranged in the following
decreasing order: Mn> Cr> Ni>Zn> Cu> Co>Pb>Cd. The LZRB soils exhibits
concentration higher than direct geochemical background (DGB), and lower than
indirect geochemical background (IGB) and there is a clear difference in the
accumulation of heavy metal in soils under different LULC classes. The highest
accumulation of heavy metals has been found in agricultural land and next highest
concentration in urban and built up land. Assessment of soil contamination is
conducted using enrichment factor (Ef), contamination factor (Cf), and
contamination degree CD. According to these factors the soils of LZRB showed no
or minimal contamination for most metals in different LULC classes.

Keywords: Soil, LULC; Heavy metals; Geochemical background; Multivariate
statistic; Enrichment factors
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1. Introduction

Soil is a product of the rock weathering and mineral deposits due to the interaction between the
atmosphere, the biosphere, the lithosphere and hydrosphere [1]. The concentrations and distribution of
heavy metals in soils depends on the source material and depositional environment, textural
characteristics, organic matter content, and mineralogical composition [2-4]. The development and
formation of chemical elements in soil are affected not only by parent material, climate, biology, and
topology factors, but also by human activities [5]. Human activities resulting in soil contamination by
heavy metals include mining, industrialization, waste disposal, and agriculture activity [6]. Under
certain circumstances the presence of heavy metals in large amounts in soil could be harmful to plants,
animals and people [1,7].

However, parent rocks are the major controlling factor on the concentration of heavy metals.
Heavy metals are particularly of environmental concern because of their potential toxicity and their
importance as essential nutrient. Background concentrations of heavy metals in soils are, therefore,
important due to the recent interest in contamination potential and toxic effects of these elements on
humans and the environment [8]. Soil environmental quality directly affects the daily lives of human
beings [5]. Therefore, the exploration of spatial distribution characteristics of chemical elements in
soil is meaningful for further understanding the surface pollution and degradation, monitoring of the
environmental changes, and ensuring the safety of the human environment [9]. Several studies have
been conducted to investigate the environmental situation and contaminant levels in surface water,
ground water and river sediment of LZRB [10-12];. However, heavy metals assessment and their
relation with various land uses has received limited attention.

This study aims (a) to identify the regional geochemistry of the surface soil and describe the factors
controlling their geochemical variability (b) to identify the possible sources of contamination that can
explain the influence of anthropogenic activities and geogenic origin and their impacts on soils within
the Lesser Zab River Basin (LZRB). Hence, the concentrations and the distribution of the heavy
metals (Cr, Mn, Co, Ni, Cu, Zn, Cd and Pb) and major oxides (SiO2, Fe203, Al203, TiO2, CaO,
MgO, SO3, Na20, K20 and P205), pH and Organic matter (OM) in the soil of different Land use and
Land cover (LULC) classes are determined to achieve these aims. Furthermore several procedures
have been used to establish the status of selected heavy metals, including multivariate statistical
analysis as parson correlation, cluster analysis, as well as contamination factor (CF), enrichment factor
(EF), and contamination degree CD. These data also provide further contribution studies in Iraqg.

2. Materials and methods
2.1. Site Characterization

The Lesser Zab Basin (LZRB) is located in the northeast of Irag between latitudes of 35° 10" - 36°
55" N and longitudes of 43° 25'- 46° 20' E covering an area of about 19860.65 km?® The catchment
area extends partly into Iran (5813.88 km?, i.e., 29.27% of the total area), while the major portion
(14046.77 km? i.e., 70.73% of the total area) is in Iraq [13]. The LZRB is a part of the Zagros
orogenic belt. It is a mountainous region, encompassing the Zagros mountains which extend to the
northeastern of Iraq. Iragi portion of the LZRB passes through all of the divisions of the Western
Zagros Fold-Thrust Belt (Thrust Belt, Suture Zone, Imbricate Zone, High Folded Zone, and Low
Folded Zone) [14-16]. Most of the Iranian portion of the LZRB is located in the Sanandaj-Sirjan zone,
and Zagros Fold-Thrust Belt [17, 14]. The LZRB consists of wide range of different lithostratigraphic
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units. The stratigraphic units of the LZRB that date from the Precambrian to the Recent include
sedimentary, metamorphic, igneous rocks and Quaternary sediments [18-21]. There are important
topographic variations within landforms of the basin which influence on both soil moisture and
chemistry. The climate of the LZRB is defined by significant seasonal variations in precipitation,
humidity, temperature, and evaporation, with dry and hot summers and cold, wet, and sometimes
snowy winters. According to the Koppen Geiger climate classification system [22], the climate is
classified as warm temperate with a dry and hot summer (Csa) in the middle and upper part of the
LZRB and arid with dry and hot summer (Bsh) in the lower part of the basin with short spring and
autumn seasons compared to summer and winter. The LZRB can be subdivided into six main LULC
classes involving; barren land, agricultural land, natural vegetation (Forest), urban and built-up land,
burned land and water, reflecting a broad spectrum of chemical and ecological variation from the
upstream of the LZR to the confluence with the Tigris River [13].
2.2 Sampling and analytical methods

The sampling sites Figure-1 distributed in a way to cover the entire LZRB basin, in which the
collected samples can reflect the regional soil geochemistry of the drainage basin. Soil samples were
collected in April 2014 at 25 sites representing different LULC classes Table-1. Approximately 2-3 kg
of surface soil was collected with a stainless steel tool at depth between 0 and 20 cm below the
surface, and stored in plastic bags. All samples were air-dried and sieved to obtain soil fraction less
than 2 mm for chemical analysis. The soil samples were sieved to remove large debris, stones and
pebbles.

Surface soil (0-20 cm) samples, included 3 samples of forest, 7 samples of urban and built up land,
10 samples of agriculture land, 3 samples of virgin soil, 1 sample of bare soil and 1 sample from
mixed barren land. The samples from sites Zs10, Zs28 and Zs29 are selected as baseline sites since
they are taken from the areas undisturbed by direct human activities. These three samples collected
from virgin or unused soil from the upper, middle and lower part of the main basin to utilize it in
environmental assessments as direct geochemical background (DGB).
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Figure 1-Soil sampling locations, and LULC map of the LZRB after Al-Saady et al. [13].
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Each collected soil sample was analyzed for the major oxides and heavy metals. 100 g of soil from
the above bulk samples was analyzed by x ray florescence in the laboratory of Iraq Geological Survey
(Geosurv-Iraq) to determine the major oxides contents. A 0.1 g of soil sample was digested by Aqua
regia according to the TU Bergakademie Freiberg method to determine metals concentration. Heavy
metals concentrations in digested solutions were determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) in accordance with the protocols specified by the supplier. Soil pH was
determined by soil/water suspensions and the organic carbon was determined by the standard method
of Geosurv-lraq Lab. For quality assurance and control (QA/QC), reagent blanks, soil standard
reference materials obtained from the lab of TU Bergakademie Freiberg, and triplicate samples were
simultaneously performed and analyzed with the same procedure to assess the precision.

2.3 Theoretical background
2.3.1 Geochemical background

Background is defined as: ‘a relative measure to distinguish between natural element or compound
concentrations and anthropologically influenced concentrations in real sample collectives which may
be determined with direct, indirect, and integrated methods [23, 24]. Background value for any
element may subjected to wide variations between different regions and even within a specified region
due to such factors as source-rock geology and weathering conditions [25]. Several methods can be
used to calculate the geochemical background value, including direct geochemical and indirect
statistical methods [23, 26, 27]. The integrated use of geochemical and statistical methods have been
demonstrated to be useful for reliably determining background levels, and this integration of methods
has allowed the validation of each other as well. All of the methods have advantages and
disadvantages, more than one method is applied in this research. For the estimation of geochemical
background values of the present study direct geochemical method and a statistical analysis are
applied. Direct geochemical background method (DGB) is estimated based on determining the average
value of heavy metal concentration in three samples of virgin soil which are measured and considered
as DGB for the soil of LZRB. Among the statistical methods, two methods are chosen; the first
includes the boxplot representations proposed by Tukey [28] and adopted by de Lima Rodrigues et
al. [29] where the background value was considered as the upper limit given by the following
equation;

[UL = Q3 +0.5(1.51Q3 — 1Q4] (Eq. 1)
Where; UL = upper limit, 1Q; lower quartile and 1Qs = upper quartile.
The second statistical method is iterative 2 standard deviation (SD) method. The iterative 2 SD
technique [average + 2SD] is mainly used to define background values because it approximates the
original data set to a normal distribution [29]. This technique, which presented in detail by Matschullat
et al. [23] is based on the assumption that all values in a dataset beyond the average +2 SD are
iteratively omitted until all the values lie within this range (approaching a normal distribution). The
average values of both statistical methods have been defined as indirect geochemical background
(IGB).
2.3.2 Statistical analysis

Multivariate statistical analysis such as cluster analysis and correlation analysis have been
increasingly in use for environmental studies on measurements and monitoring, particularly assessing
large and complex geochemical datasets. These methods are powerful tools for a meaningful data
reduction and interpretation [29, 30]. In order to investigate the elemental associations among the
analyzed elements in the soil a Pearson R correlation and hierarchical analyses were applied. Critical
values of the correlation coefficients (r = 0.38 at p = 0.05); are considered to be statistically
significant. The basic statistical parameters for each element and the statistical processing are
calculated using the SPSS statistical software (SPSS, V. 17.0). The cluster analysis is applied to the
same set of data, in order to find similarities among groups of samples within a population of data
described by a multivariate structure.

2.3.3 Assessment of soil contamination
The assessment of soil contamination was conducted using the contamination factor and degree.
2.3.3.1 Enrichment factor (Ef)

Enrichment factor (Ef) is considered as an effective tool to evaluate the magnitude of contaminants
in the environment [31, 32]. Enrichment Factor (Ef) is calculated for individual metal in soils to
evaluate anthropogenic influences on the accumulation of heavy metals in the soils [32, 33]:
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(O /Cap) sampls
E}C o (Cp/Cal referencs (Eq 2)
Where, (Cu/Ca) is the ratio of concentration of heavy metals of the sample (Cy) to that of
aluminum (Cp) in the soil sample, and (Cw/Ca) reference is the same reference ratio in the
background. In this factor, the concentration of metal M is normalized to the iron. In this study, Al is
used as a reference element for geochemical normalization because of the following reasons: (1) Al is
associated with fine solid surfaces; (2) its geochemistry is similar to that of many heavy metals and (3)
its natural concentration tends to be uniform [34]. Increasing in EF value indicate increasing metals
supply from anthropogenic activity [35]. There are five contamination categories are recognized on the
basis of the enrichment factor values based on the enrichment ratio methodology [36]: (1) Ef<2
depletion to minimal enrichment indicating of no or minimal pollution, (2) Ef 2-5 moderate
enrichment, indicating of moderate pollution, (3) Ef 5-20 significant enrichment, indicating of a
significant pollution, (4) Ef 20-40 very highly enriched, indicating a very strong pollution (5) Ef>40
extremely enriched, indicating an extreme pollution.
2.3.3.2 Contamination factor (Cf)
The contamination factor is used to determine the contamination status of the LZRB soils. The Cf is
the ratio obtained by dividing the concentration of each metal in the soil (Cy) by the background (Cg)
value [37]. Hence, Cf values can evaluate the enrichment of one given metal in the soils over a period
of time. In this study, average shale according to Turekian & Wedepohl [38] is considered as

background concentration:
M

cf =2 (Eq.3)

Where, Cy is concentration of an individual metal in soil and Cg is the background concentration of
the individual metal.
The contamination levels have been classified based into four categories [39], where: Cf < 1 indicates
low degree of contamination, 1 < Cf < 3 is moderate degree of contamination, 3 < Cf < 6 is
considerable degree of contamination, and Cf > 6 is very high degree of contamination.
2.3.3.3 Contamination degree (CD)

The sum of Cf for all examined heavy metals represents the integrated contamination degree (CD)
of the environment [31, 40]. Hakanson [39], defines four categories of CD, on a scale ranging from 6
to 24: low degree (CD<6), moderate degree (6 < CD <12), considerable degree (12 < CD<24), and
very high degree (CD > 24).

Cp=3cr (EQ. 4)

Where, Y Ctis the sum of contamination factor for all metals.
3 Results and discussion
3.2 Geochemistry of soil

The geochemistry of surface soils from the LZRB is studied in order to assess the environmental
impact of LULC classes on the environmental geochemical characteristics of the LZRB soil.
3.2.1 pH and organic mater

Soil pH is ranged from 7 to 8.7 with an average of 8.3, Table-1. All soil samples are moderately
alkaline with pH>8 except sample Zs6 which was neutral and sample Zs5 which was slightly alkaline.
As soil pH increases, the solubility and availability of these heavy metals decreases [41]. The organic
matter content of soil sample is ranged between 0.05 and1.38 percent with an average of 0.58 %
Table-1. The maximum value was measured in sample Zs5 from urban area of Penjwin city in the
southeastern part of the LZRB, while the minimum value in virgin sample Zs29 from the middle part
of the main basin south Dokan Lake. The low organic matter content of the soils is perhaps due to the
sparse vegetation cover of the area, which is further exacerbated by burning agricultural land and
overgrazing.
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Table 1- pH, organic matter (OM) and major oxide of LZRB soil compared with the average of these oxides in
the upper earth crust [43] and shale [38].

Bare soil zs21 | 84 | 105 | 353 | 539 | 11.92 | 043 | 1901 | 445 | 009 | 21.64 | 025 | 1.4 | 011 | 99.99
756 7 | 035 | 5936 | 983 | 1496 | 074 | 172 | 284 | 004 | 712 | 053 | 272 | 014 | 100
zs13 | 82 | 071 | 4447 | 773 | 11.96 | 057 | 1173 | 41 | 005 | 17.75 | 016 | 135 | 0.14 | 100.01
7516 | 81 | 09 | 5395 | 947 | 1291 | 068 | 398 | 446 | 006 | 1242 | 019 | 172 | 015 | 99.99
. 7519 | 84 | 054 | 4095 | 578 | 969 | 043 | 1649 | 512 | 009 | 19.08 | 038 | 185 | 015 | 100.01
é- 7522 | 85 | 066 | 3723 | 566 | 922 | 049 | 2026 | 426 | 007 | 2034 | 039 | 144 | 011 | 99.47
§ 7527 | 85 | 051 | 3512 | 566 | 899 | 047 | 226 | 391 | 005 | 21.66 | 0.16 | 123 | 013 | 99.98
g 759 | 84 | 088 | 4378 | 768 | 976 | 051 | 154 | 45 | 008 | 1544 | 066 | 1.94 | 029 | 100.04
zs14 | 82 | 095 | 5752 | 815 | 1258 | 057 | 452 | 45 | 008 | 947 | 032 | 214 | 015 | 100
7525 | 85 | 091 | 3356 | 524 | 1046 | 039 | 225 | 399 | 008 | 2228 | 021 | 121 | 0.12 | 100.04
zs24 | 85 | 082 | 3396 | 528 | 122 | 041 | 202 | 408 | 007 | 2219 | 022 | 1.28 | 011 | 100
zs1 | 816 | 067 | 4571 | 791 | 1259 | 057 | 117 | 38 | 005 | 1561 | 022 | 169 | 012 | 99.97
Forest 757 83 | 105 | 4952 | 696 | 12.68 | 053 | 925 | 331 | 007 | 1475 | 051 | 228 | 015 | 100.01
7s12 | 83 | 027 | 5868 | 654 | 843 | 037 | 689 | 399 | 006 | 127 | 021 | 201 | 012 | 100
Mixed land 7520 | 85 | 005 | 5057 | 69 | 1275 | 047 | 93 | 374 | 003 | 132 | 08 | 215 | 009 | 100
75 | 74 | 138 | 5032 | 122 | 542 | 028 | 223 | 1713 | 008 | 1089 | 021 | 102 | 021 | 99.99
- zs11 | 86 | 014 | 2123 | 404 | 84 | 028 | 315 | 293 | 005 | 30.62 | 009 | 081 | 007 | 100.02
§ zs15 | 85 | 047 | 4633 | 653 | 1237 | 049 | 113 | 348 | 012 | 1693 | 03 | 197 | 017 | 99.99
2
E zs17 | 84 | 054 | 3489 | 599 | 12.67 | 045 | 176 | 412 | 006 | 226 | 016 | 132 | 013 | 99.99
%; 7518 | 86 | 021 | 5013 | 661 | 1119 | 042 | 106 | 614 | 011 | 122 | 035 | 21 | 013 | 99.98
5
= 7523 | 81 | 046 | 36.85 | 581 | 907 | 042 | 203 | 501 | 226 | 1854 | 033 | 137 | 01 | 100.06
7526 | 85 | 028 | 4152 | 581 | 93 | 044 | 169 | 502 | 042 | 185 | 045 | 159 | 012 | 100.07
7528 | 822 | 041 | 4085 | 648 | 1064 | 044 | 165 | 573 | 006 | 17.01 | 041 | 175 | 01 | 99.97
Virgin soil 7510 | 822 | 041 | 4863 | 1275 | 13.94 | 0.76 | 377 | 862 | 003 | 82 | 142 | 173 | 016 | 100.01
7529 | 86 | 007 | 47 76 | 1413 | 052 | 865 | 408 | 004 | 1461 | 057 | 268 | 012 | 100
Min. 7 | 005 | 2123 | 404 | 542 | 028 | 172 | 284 | 003 | 712 | 009 | 081 | 0.07
Max. 87 | 138 | 59.36 | 12.75 | 14.96 | 0.76 | 3146 | 17.13 | 226 | 3062 | 1.42 | 272 | 0.29
Average 83 | 057 | 439 | 712 | 1113 | 049 | 1339 | 493 | 017 | 1663 | 038 | 171 | 0.14
sp° 038 | 036 | 915 | 200 | 222 | 012 | 752 | 279 | 044 | 537 | 028 | 048 | 0.04
Average upper earth crust® 7.00 | 005 | 21.23 4.04 5.42 0.28 1.72 2.84 0.03 7.12 0.09 | 081 | 0.07
Average shale® 58.5 472 15 0.77 31 25 0.65 13 31 0.16

SD,% Standard deviation; >Average upper earth crust (Wedepohl 1995); “Average shale, after (Turekian & Wedepohl 1961)

3.2.2 Major oxide

The average abundance of major oxide follow the decreasing order of SiO, % > CaO % > Al,O; %
> Fe,03 %> MgO > K;0 % > TiO; % > Na,O % > SO; % > P,Os %. The spatial distribution patterns
of major oxides are shown in Figure-2. SiO, ranges from 21.23 to 59.36 % with an average of 43.63
%. The lowest value is measured in sample Zs11 which has the highest CaO % and this reflects high
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carbonate content. Even though SiO, is the most predominant oxide, it is still lower than the average in
upper earth crust in all the studied samples as well as lower than average shale except in sample Zs6
Table-1. High SiO, contents, coupled with depletion in alumina and the alkalis, relative to the upper
continental crust, is a reflection of the preponderance of quartz relative to feldspar, carbonate and clay
minerals in the soils. The high values of SiO, > 50% are restricted in the middle and upper parts of the
main basin Figure-2. Al,O3 ranges from 5.42 to 14.96 % with an average of 11.13 % Table-1. All
samples have Al,O; percent lower than the average percent of earth crust and the average in the shale
Table-1. The highest Al,O3 content are mainly recorded in the soil samples located in the northeastern
and southeastern parts of the main basin while the lowest in northwestern and south western parts. The
Fe,O; content of the soils is variable, ranging from 4.04 % to 12.75 % with an average of 7.12 %. This
may represent crystalline Fe oxides and the Fe in primary silicate minerals. All samples except Zs11
are higher than average shale and fifteen samples were higher than the average of the upper earth crust
with respect to Fe,O3 content Table-1. Consequently, there is enrichment in the Fe,O3 content in the
soils of LZRB. Most of the iron combined with clay minerals [42].
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Figure 2- Spatial distribution patterns of the major oxides in soil.

The alkali contents of Na,O and K,O were low, where the Na,O contents varied from 0.09 to 1.42
% with an average of 0.38 %, and KO ranged between 0.81 and 2.72 % with an average of 1.71 %.
Na,O and K,O content are lower than average in shale and lower than average upper earth crust in all
samples except of samples Zs6 and Zs29 which have K,0 % slightly higher than average upper earth
crust Table-1. The TiO; is ranged from 0.28 to 0.76 % with an average of 0.49 %. All samples except
of Zs6 and Zs10 are lower than average upper earth crust, and average shale, with respect to TiO,
Table-1. The alkali-earth oxides (MgO and CaO) are high in the most samples relative to the average
upper earth crust and average shale. CaO content of samples range from 1.72 -31.46 % with an
average of 13.39 %. The wide range of CaO is probably due to predominance of carbonate formations
in the area. The highest Ca concentration is measured in Zs11 at the vicinity of limestone bedrock.
High Ca and Mg concentrations in the LZRB soils are due to the dominance of limestone and in less
extent dolomite rocks which contribute in the soil constituents. There is appreciable accumulation, of
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alkali-earth oxides in the soil samples of the LZRB that lead to somewhat deplete in SiO, and Fe,Os.
MgO range from 2.84 - 17.13 % with an average of 4.93 %. The highest content of MgO is recorded
in Zs5 from Penjwin city, which is also has high Fe,O3. The highest content of MgO and Fe,O3; may
be attributed to the wide distribution and occurrence of ultramafic and mafic rocks in the parent rocks
from which soil is derived. SO; ranges from 0.03 % to 2.26 % with an average of 0.17. The highest
values of SO; are measured in Zs23 and Zs15 which are 2.26 and 0.12, respectively. These relatively
high values of these samples are interpreted as partly due to the presence of sulfate mineral as gypsum.
The P,Os contents are very low and in the range of 0.07- 0.29 % with an average of 0.14 %. The
depletion of P,Os could be due to the low abundance of accessory phases, such as apatite and
monazite, where the main source of P,Os could be from phosphate fertilizer.

3.2.3 Heavy metals

Heavy metals concentrations showed rather large variation in the spatial distribution of Mn, Cr, Ni,
Zn, Cu, Co, Pb and Cd in the soils of different LULC classes, Table-2 and Figure-3. Heavy metals
concentrations from the soil samples of LZRB are compared with direct geochemical background
(DGB) and indirect geochemical background (IGB) Table-2. The average abundance of heavy metals
in soil samples follows the order of Mn>Cr>Ni>Zn>Cu>Co>Pb>Cd.

Chromium (Cr): Chromium concentrations vary from 13.72 ppm to 1041.4 ppm with an average of
79.84 ppm Table-2. The anomalous value of Cr in soil sample Zs5 is eliminated from graph to
highlight variation in Cr concentrations between other soil sampling sites. All soil samples except Zs5
are lower than 1IGB and most of samples from agriculture soil are higher than the DGB Figure-4a. The
highest average concentrations of Cr were in urban and built up land and if the anomalous value of
Zs5 is eliminate the highest average will be in the agriculture land Table-2 and Figure-3. Cr shows
relatively intense enrichment in agricultural soil and some urban and built up areas when compared to
DGB indicating influx of Cr from agriculture and other anthropogenic sources.

Manganese (Mn): Manganese is present in soil as a result of mineral weathering and atmospheric
deposition, originating from both natural and anthropogenic sources [44]. The major source of
manganese in soils originates from earth’s crust, while the major anthropogenic sources of
environmental manganese include municipal wastewater discharges, sewage sludge, and combustion
of fossil fuels, mining and mineral processing [45]. Manganese mobility in soil is extremely sensitive
to soil conditions such as acidity, wetness, organic matter content, biological activity etc [44].
Manganese concentration range from 90.27 to 1523.9 ppm with an average of 556.52 ppm Table-2.
There are large differences between the maximum and minimum content of Mn. The maximum value
of Mn is found in soil sample Zs6 (1523.9 ppm) which is taken from agricultural land. There are two
soil samples Zs5, and Zs15 from urban and built up land and one soil sample Zs6 from agriculture
land concentrations are higher than IGB and more than half of the samples collected from different
LULC classes are higher than DGB Figure-4b.
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Table 2-The concentrations of heavy metals (ppm) in surface soils from different LULC classes of LZRB

LULC S.NO. Cr Mn Co Ni Cu Zn Cd Pb
Bare soil 7521 54.96 270.01 7.33 53.8 10.52 25.22 0.13 4.41
756 101.89 1523.90 26.61 104.89 36.62 82.75 0.30 13.96
ZS13 112.31 708.95 16.61 108.86 21.87 53.66 0.33 9.17
7516 118.98 918.20 19.30 134.08 25.19 58.69 0.37 10.09
«E Z519 107.66 321.67 11.36 78.43 14.07 32.71 0.19 5.43
=3 2522 96.11 515.16 10.95 75.07 14.12 34.57 0.19 5.47
= 2527 64.28 350.71 9.44 60.71 11.60 36.24 0.15 4.98
3 ZS9 117.36 614.73 13.07 72.35 24 50.04 0.16 8.80
s:g_ 7514 107.25 961.16 17.61 108.75 29.7 58.56 0.23 11.58
7525 51.53 295.08 8.11 50.27 11.38 28.17 0.16 7.45
7524 92.62 514.47 11.49 76.68 17.03 39.81 0.22 6.16
Average 97 672.4 14.45 87.01 20.56 47.52 0.23 8.31
ZS1 13.72 90.27 1.94 12.46 2.52 5.88 0.03 1.03
Forest Zs7 47.78 662.19 10.08 53.19 19.06 43.23 0.13 8.12
7512 80.18 826.48 16.44 114.73 30.54 36.13 0.07 5.77
Average 47.22 526.32 9.49 60.13 17.37 28.42 0.08 4.97
Mixed 7520 55.3 505.03 9.67 33.33 14.41 43.27 0.08 6.06
ZS5" 1041.4 1026.6 76.59 1438.22 16.31 52.35 0.19 4.83
g_ ZS11 33.82 177.25 5.17 34.09 8.02 25.27 0.15 3.31
5 Z515 125.07 1018.16 21.71 116.27 35.12 86.04 0.32 19.73
5 “a’ Zs17 66.58 310.33 10.76 73.54 17.55 42.35 0.35 18.48
2 x Z518 120.66 669.23 15.73 115.27 20.89 43.65 0.13 7.73
% 7523 87.09 344.09 9.51 67.37 12.38 29.44 0.12 10.33
s 7526 56.59 290.59 6.83 46.51 8.31 22.76 0.09 3.71
Average 81.64 468.28 11.62 75.51 17.04 41.59 0.19 10.55
7528 70.15 520.52 11.01 80.18 15.88 33.21 0.1 5.26
Virgin soil Z510 74.77 321.86 12.14 79 18.54 27.06 0.07 2.49
7529 59.59 626.41 12.90 56.67 18.77 48.14 0.09 8.3
Average 68.17 489.6 12.02 71.95 17.73 36.14 0.09 5.35
Minimum 13.72 90.27 1.94 12.46 2.52 5.88 0.03 1.03
Maximum 10414 1523.9 76.59 1438.22 36.62 86.04 0.37 19.73
Average of all samples 79.84 556.52 12.32 75.27 18.25 41.12 0.17 7.83
sD® 194.6 331.16 13.92 274.26 8.43 17.79 0.1 4.52
IGB* 143.1 1014.0 20.2 141.0 28.7 64.5 0.3 115
DGB’ 68.2 489.6 12.0 71.9 17.7 36.1 0.1 5.4
1 Zs5 of anomalous value and is eliminated from calculating average of all samples and also from average of urban and built up
land, *Mixed barren land, *SD; standard deviation, “IGB; indirect geochemical background, *DGB; direct geochemical
background is considered as local geochemical background in this research instead of global references.

1000.0
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. Agriculture land (Mean)

Log concentrationin ppm

# Bare soil
0.1 “« Forest (Mean) ® Mixed barren land T
0.0 + Urban and built up land (Mean) & Virgin soil (Mean)
Mn Cr Ni Zn Cu Co Pb Ccd
Element

Figure 3- Levels of Heavy metals content in the surface soils from lands of different types, Zs5 of anomalous
value and is eliminated from calculating average of urban and built up land.

All of these three samples located in the area dominant by exposures of igneous and metamorphic
rocks in the upper part of the LZRB. Because there is no an appreciable source for Mn flux to the
environments at these sites Therefore, the parent rocks are expected as the main source of Mn than
anthropogenic effects.

Furthermore, high value of Mn from different LULC classes confirm that the geogenic origin is
the main factor controlling the enrichment of Mn. pH of the LZRB soils is also influence on Mn
content. At soil pH above 6, manganese forms bonds with organic matter, oxides and silicates whereby
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its solubility decreases [44]. According to classification of soil sample based on LULC map the
highest average concentration of Mn content 672.4 ppm is measured in the agriculture land class
Table-2 and Figure-3.

Cobalt (Co): Cobalt content of the LZRB soil samples are in the range of 1.94 ppm - 76.59 ppm
with an average of 12.32 ppm Table-2. Eleven samples are higher than DGB and only sample Zs5 is
higher than IGB therefore, Figure-4c. The application of cobalt-containing sludge or phosphate
fertilizers to soil, the disposal of cobalt-containing wastes, and atmospheric deposition from activities
such as the burning of fossil fuels and forest fires may be result in elevated levels of cobalt in soil [46,
47]. Agriculture land class has the highest average concentration and urban and built up land has the
second the highest Table-2 and Figure-3. The presence of Co above the background value of different
LULC classes suggest that the natural origin is the main source of this element aside from
anthropogenic source.

Nickel (Ni): Nickel occurs naturally in soils as a result of the weathering of the parent as ultramafic
igneous rocks, the underlying geology and soil-forming processes strongly influence the amount of Ni
in soils [48]. Ni concentrations in samples of the LZRB range from 12.46 to 1438.22 ppm with an
average of 75.27 ppm Table-2. Sample Zs5 has anomalous value excessively higher than IGB and
more than half of the present samples are higher than DGB Figure-4 d. The anomalous value of Zs5 is
eliminated from the graph. Surface soil of the LZRB is characterized by relatively high level of Ni.
The high content of Ni is probably due to the parent material, i.e. ultramafic rocks present in the upper
part of the main basin.

The upper part of the main basin also comprises different types of igneous and metamorphic rocks
such as mafic and/or basaltic lava, andalusite schist, gneiss, phyllites, serpentinite, quartzite,
recrystallized and massive metamorphosed limestone, andesites, diorite, granodiorite, syenite and
nepheline syenite [49, 21, 13]. The samples of the upper and middle parts of the main basin are rich in
Ni than lower part indicating that lithogenic origin is the main source of Ni, even though the
anthropogenic sources cannot be ignored especially of agriculture and urban and built up lands.
According to the classification of soil with respect to LULC map and excluding the anomalous value
of Zs5, the highest average of Ni is in the agriculture land class Figure-3.

Copper (Cu): Copper content of soils ranges from 2.52 to 36.62 ppm, with an average of 18.25 ppm
Table-2. The minimum value of Cu is recorded in the sample Zsl from forest land, while the
maximum is in sample Zs6 from the agricultural land. Variation of Cu content in soils of LZRB is due
to many factors, such as mineralogical composition and grain size of the soil, bedrock origin, and
anthropogenic activities. There are only five samples Zs6, Zs12, Zs14 and Zs15 are higher than IGB
and eleven samples are higher than DGB Figure-4 e. According to the LULC map the agriculture land
class has the highest average concentration of Cu Table-2 and Figure-3.

Zinc (Zn): Zinc content in soils of LZRB ranges from 5.88 to 86.04 ppm with an average of 41.12
ppm Table-2. The highest value of Zn 86.04 ppm is in the sample Zs15 from urban and built up land
of Qalaat Dizah city and the second highest value 82.75 ppm is in the sample Zs6 from agriculture
land. Zn concentrations in more than half of samples are higher than DGB and only two soil samples
higher than IGB Figure-4f. Regarding to LULC map, the highest average of Zn content where
measured in agriculture land class Table-2 and Figure-3. Distribution of high Zn content within
different LULC classes suggests that the geogenic origin is the dominant source of Zn nonetheless the
agriculture activities (fertilizer) is also important source. The highest concentration of Zn among soil
samples 86.042 ppm is measured in soil of the Urban and Built up land class from Qalaat Dizah city
(sample Zs15).
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Figure 4- a, b, c, d, ¢, f, g and h: Heavy metals in the soil of LZRB comparing to direct (DGB) and indirect
geochemical background (IGB), the anomalous values are eliminated from figure.

Cadmium (Cd): Cadmium occurs naturally in the soil as a result of weathering the parent rocks.
Although most natural soils contain less than 1 ppm Cd from the weathering of parent materials, those
developed on shale or associated with mineral deposits can have higher levels [50]. Cadmium strongly
adsorbs to organic matter in soils. Cd of LZRB samples ranges from 0.03 to 0.37 ppm with an average
of 0.17 ppm Table-2. More than two third of the samples are higher than DGB and only four soil
samples are higher than IGB.
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All of these samples belong to agriculture land and urban and built up land classes Figure-4g.
Classification of soil samples according to LULC map shows that the highest average concentration
0.23 ppm of Cd is detected in the agriculture land and the second highest average concentration 0.19
ppm is in the urban and built up land Table-2 and Figure-3. This in turn, refers to the fertilizers effects
especially for the area near Dokan Lake , whereas the Cd may enter agricultural soils through the use
of phosphate fertilizers and sewage sludge [51]. Hence, anthropogenic sources of cadmium are much
more significant than natural one to accumulate of Cd in soil.

Lead (Pb): Lead concentrations of the present samples range from 1.03 to 19.73 ppm with an
average of 7.83 ppm Table-2. Seventeen soil samples out of twenty five are higher than DGB and
only four samples were higher than IGB Table-2 Figure-4h. Pb is considered as a good indicator of
pollution by urban run-off water. The leaded gasoline is responsible for the Pb pollution during the
20th century in urban area [52, 53]. According to LULC classification map urban and built up land
class has the highest average of Pb and agriculture land has the second highest one Figure-3. This
confirms that the sources of Pb in soils are mainly from atmospheric deposition. Soil samples Zs15
from Qalaat Dizah city and Zs17 from Raniyah city have the highest Pb contents 19.73 ppm and 18.48
ppm respectively. Urban environments in general have received higher depositions of Pb from
vehicles emissions than have rural areas. When Pb is deposited in soil from fertilizer and
anthropogenic sources, it does not biodegrade or decay and is not rapidly absorbed by plants, so it
remains in the soil at elevated levels.

3.2.4 Multivariate Analysis
3.2.4.1 Correlation matrix:

Results of correlation analysis for soil samples show that there are positive correlation of SiO, with
Fe,Os, TiO,, KO, Mn, Co, Cu and Zn and also between some major oxides and heavy metals (e.g.
TiO,, MgO, Na,0, P,0s, Cr and Ni) with Fe,O3 as well as Al,O; with Na,O and KO indicate that
weathering of clays, iron oxy-hydroxyls and feldspar minerals play an important role in soil formation
of LZRB. Na,O also positively correlate with Fe,Os3, Al,Oz and TiO, indicate that these elements are
associated entirely with detrital phases of different types of accessory minerals and can be attribute
mainly to the fine fraction of feldspar and clay minerals. CaO and LOI are closely correlated to each
other and negatively correlate with most of major oxides and heavy metals. Negative correlation of
CaO and LOI with major oxide confirms that they are derived from carbonate rocks, representing the
decreasing amount of silicate minerals at increasing of carbonate minerals in soil.

Cr, Mn, Co and Ni are positively correlated with the Fe,Os. In addition, all heavy metal except Cr
are strongly correlate to Mn. This could be explain by the heavy metals adsorption on Fe and Mn
oxide/hydroxide. The close correlation of Cu, Zn, Cd and Pb with Al,O; are also indicative of
adsorption of these heavy metals on clay minerals. Cr, Co, Ni are strongly correlate with MgO which
reflect the “ultramafic” source of the soils. They are derived from direct weathering of ultramafic
rocks particular ophiolitic sequences and from the recycling of sedimentary rocks enriched in
ultramafic debris, which occurs as outcrops in the northern eastern and south eastern parts of the main
basin. Meanwhile Cr content is strongly correlated with Ni and Co due to their typical mineralogical
association in mafic minerals; moreover, Cr and Ni are positively correlated with Fe,O3, as expected
for metallic elements having geochemical affinity. Positive correlated between MgO and P,Os refers
to the tendency of MgO to form in the structure of phosphate minerals. OM, Cr, Co, Ni, Cu and Zn
are positively correlated with P,Os is a good indicator of the anthropogenic pollution from agriculture
and urban areas. whereas, all these elements are widely used in industry and agricultural activities [54,
55]. Positive correlation of OM with MgO, Cr, Co and Ni indicates that it is either due to the presence
of organic debris or adsorption of organic matter on to the grain surface of mineral. Hence soil
organic matter content played a fundamental role in the control of heavy metals sorption by soils. The
general association of heavy metals with major elements and organic matter explains that they are
being as a sink for these elements. No significant correlation between soil pH and heavy metal content
is observed for analyzed soils Table-3. Negative correlations between some variables indicate that
these variables are derived from different sources or they have different response to the affecting
factors on their geochemical abundance.
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Table 3- Pearson correlation matrix of the major oxides, heavy metals and physicochemical variables of the soil
samples.

SiO; Fe,03 AlO; TiO, CaO MgO SO; L O I Na,0 KO P,Os pH OMCr Mn Co Ni  Cu Zn Cd Pb

Sio; |1
Fe,05/0.65 1

Al,03/0.33 0.21 1

TiO, (0.52 0.56 0.76 1

CaO |-0.94-0.83 -0.38 -0.571

MgO (0.17 0.63 -0.48 -0.23-0.36 1

SO; [-0.17-0.16 -0.23 -0.150.21 0.01 1

LO1(-094-08 -0.35 -0.6 0.95 -0.330.09 1

Na,0 [0.31 0.52 0.39 0.54 -0.390.14 -0.05-0.52 1

K,O (0.73 0.27 0.61 0.53 -0.63-0.28 -0.16 -0.68 0.44 1

P,Os (0.34 0.51 -0.11 0.20 -0.400.38 -0.17-0.41 0.23 0.16 1

pH |-0.51-0.66 -0.06 -0.350.58 -0.39 -0.09 0.55 -0.03 -0.17 -0.30 1

OM [0.04 0.26 -0.18 -0.01-0.14 0.38 -0.08 -0.05 -0.26 -0.31 0.5 -0.351

Cr (0.2 053 -0.52 -0.32-0.36 0.91 -0.03-0.27 -0.12 -0.26 0.43 -0.52 0.48 1

Mn |0.73 049 0.2 0.33 -0.7 0.15 -0.17-0.65 0.00 0.52 0.37 -0.64 0.150.37 1

Co [0.39 0.62 -0.36 -0.16 -0.52 0.83 -0.09 -0.43 -0.09 -0.07 0.46 -0.64 0.430.96 0.611

Ni 0.2 0.54 -0.52 -0.33-0.360.91 -0.05-0.27 -0.14 -0.27 0.39 -0.530.480.99 0.36 0.951

Cu |0.67 0.35 0.34 0.41 -0.61-0.09 -0.17 -0.58 0.11 0.58 0.4 -0.380.010.06 0.87 0.320.04 1

Zn |0.51 0.32 0.31 0.33 -0.51-0.01-0.17-0.44 -0.01 0.46 0.4 -0.430.090.23 0.890.460.2 0.881

Cd |0.07 0.1 0.21 0.25 -0.14-0.09 -0.14 0.02 -0.37 -0.08 0.22 -0.31 0.310.13 0.510.270.11 0.530.69 1
Pb |0.21 -0.01 0.36 0.2 -0.2 -0.24 0.11 -0.12 -0.17 0.29 0.22 -0.18 0.03 -0.05 0.52 0.13 -0.07 0.67 0.76 0.73 1

3.2.4.2 Cluster analysis

The results obtained by cluster analysis are presented by dendrogram, where the distance axis
represents the degree of association between groups of variables, i.e. the lower the value on the axis,
the more significant the association. Three main distinctive cluster groups and six individual case
clusters are identified from clustering samples based on LULC classes Figure-5. Cluster one involve
nine samples, one soil sample from each of virgin (Zs28), urban and built up land (Zs26), forest land
(Zs1), bare soil (Zs21), and five samples from agricultural land Zs19, Zs22, Zs24, Zs25, and Zs27.
Cluster two represent by five samples collected from different LULC classes include mixed barren
land Zs20, urban and built up land Zs18, virgin soil Zs29, Zs7 and Zs12 from forest land. However, it
is observed that clusters one and two, join together at a relatively higher level, possibly implying a
common source. These two clusters highlight the significant controlling of geogenic origin on the
geochemical characteristic of soil. Cluster three include four samples of agricultural land Zs13, Zs14
and Zs29, and one samples of urban and built up land Zs15 which reflect that the anthropogenic
activates are the main factors controlling on the physiochemical characteristics of soil at these sites.
All other cluster of single cases belong to different LULC classes from different parts of the LZRB are
indicating in a convincing way, high independency for each cluster. Theses independent clearly
explain the complexity of the factor controlling the soil characteristic of the main basin and in
particular the heterogeneity of parent materials of the LZRB soils, where it’s derived from different
exposed rocks and sediments from Paleozoic till recent. The individual cluster cases confirm different
character as compared with the remaining samples. These cluster groups reveals that the natural
conditions and parent rocks types still the main factors controlling the geochemical behavior of the
basin while the anthropogenic effects can be noticed at specific locations.
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Figure 5- Hierarchical dendrogram for soil samples of LZRB using Q-mode cluster analysis

3.2.5 Assessment of soil contamination
3.2.5.1 Enrichment factor (Ef)

Enrichment ratios for eight metals are calculated using Eq. 2 [31, 32]. Values of Ef for different
LULC soils is presented in Table-4. Ef values of most metals shown to be lower than minimal
enrichment indicating of no or minimal pollution. Cr and Ni in five LULC classes, Co in the virgin
soil and Mn in forest land are belong to moderate enrichment category therefore, Cr and Ni might pose
risk to the surrounding environment Figure-6a. Sample Zs5 of urban and built up land is extremely
enriched with Cr and Ni, significant enriched with Co and Mn, moderate enriched with Zn and Cd, and
minimal enriched with Cu and Zn Table-4. Variation of Ef values for the different metals in the
present soil samples may be due to the variation in the magnitude of each metal in the parent materials
from which the soil is derived and/or the difference in the removal rate of each metal from the soil. All
soil samples except Zs5 are located within minimal to moderate enrichment according to Ef categories
Table-4.
3.2.5.2 Contamination factor (Cf)

Based on Cf values Table-4 and Figure-6b, samples of LZRB classified within low degree of
contamination for all heavy metals in different LULC classes except for Cr and Ni in agriculture land,
and Ni in urban and built up land, and virgin soil within moderate degree of contamination. Soil
sample Zs5 classified within very high degree of contamination with respect to Cr and Ni,
considerable degree of contamination with respect to Co, moderate degree of contamination with
respect to Mn and low degree of contamination with respect to Cu, Zn, Cd and Pb. All soil samples
except Zs5 are within low to moderate degree of contamination according to Cf categories Table-4.
3.2.5.3 Contamination degree (CD)

Considering the CD, all LULC classes showed a low degree of metal contamination except Zs5 site
which indicates very high degree of contamination Table-4 and Figure-6c¢.
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Table 4-Detail description result of soil pollution indices of different LULC classes, Ef: enrichment factor, Cf :
contamination factor and CD: contamination degree.

Index | SampleID. | ZzS21 | ZS6 | zS13 | ZS16 | zS19 | ZS22 | zS27 | ZS9 | ZS14 | zS25 | zS24 | zS1 | zs7
LULC Bar.* Agriculture land Forest
Cr 3.25 142 [ 222 | 255 | 446 [ 365 | 303 | 366 [ 278 | 275 | 3.04 | 2.96 | 1.46
Mn 1.69 226 | 149 | 208 | 141 [ 207 | 175 | 2.03 | 264 | 167 | 1.79 | 2.06 | 2.14
Co 2.05 176 | 156 | 196 | 223 | 197 | 241 | 193 | 216 | 205 | 1.79 | 1.99 | 1.46
= Ni 4.21 1.94 | 285 | 38 | 43 [ 377 | 378 | 298 | 373 | 355 | 333 | 3.56 | 2.15
Cu 1.24 1.02 [ 087 | 108 | 117 [ 107 | 109 | 15 [ 154 | 122 | 112 | 1.09 | 1.16
Zn 1.41 1.1 101 | 129 | 128 | 124 | 162 | 148 | 144 | 143 [ 124 | 12 [ 125
Cd 2.22 126 | 198 | 241 | 238 | 215 | 219 | 146 | 177 | 263 | 216 | 21 | 1.16
Pb 1.17 088 | 082 [ 097 | 101 | 093 [ 1.05 | 123 | 1.35 [ 1.79 | 091 1 111
Cr 0.61 113 [ 125 | 132 [ 12 [ 107 | 071 | 13 [ 119 | 057 | 1.03 | 015 | 053
Mn 0.32 179 [ 083 | 108 | 038 | 061 | 041 | 072 | 113 | 035 | 0.61 | 011 | 0.78
Co 0.39 1.4 087 | 1.02 [ 06 | 058 | 05 [ 069 | 093 | 043 | 0.6 0.1 | 053
o Ni 0.79 1.54 16 | 197 | 115 | 11 [ 089 | 1.06 | 16 | 074 | 1.13 | 018 | 0.78
Cu 0.02 0.02 | 002 [ 002 | 002 [ 002 [ 002 | 002 [ 002 | 002 | 002 | 0.02 [ 0.02
Zn 0.27 087 | 056 | 062 | 034 | 036 | 038 | 053 | 0.62 | 03 | 0.42 | 0.06 | 0.46
Cd 0.42 1 111 | 125 | 064 | 063 | 052 | 052 | 0.76 | 055 | 073 | 0.11 | 0.42
Pb 0.22 0.7 046 | 05 [ 027 | 027 | 025 | 044 | 058 | 037 | 031 | 0.05 | 041
CD 3.03 845 | 671 | 778 | 4.6 | 464 | 368 | 529 | 683 | 332 | 484 | 0.78 | 3.93
Sample ID. | zS12 | zS20 | zS5 | zSi1 | zS15 | zS17 | zS18 | zS23 | zS26 | zS28 | 7510 | 7S29
Index LULC Forest | Mix.** Urban and Built up land Virgin soil
EF Cr 3.11 163 [51.02 | 196 [ 1.94 [ 22 [ 333 [ 419 [ 411 | 282 | 49 16 | &
Mn 3.39 158 | 532 | 1.09 | 1.67 [ 1.08 | 195 | 175 [ 223 | 221 | 223 | 1.78 | =
Co 3.02 135 [ 17.77 | 142 | 159 | 168 | 205 | 216 [ 235 | 21 | 377 | 164 | @
Ni 5.89 13 [ 9325 | 261 | 238 [ 321 | 42 | 429 | 447 | 426 | 685 | 202 | §
Cu 2.37 0.85 16 | 093 | 109 | 116 [ 115 [ 119 | 121 | 128 | 243 | 101 | 4
Zn 1.33 121 | 243 | 139 [ 126 | 132 | 1.14 | 134 | 156 | 126 | 168 | 123 |
Cd 0.86 0.67 28 | 253 | 148 | 344 | 105 [ 172 [ 102 [ 122 | 143 | 07 | 2
Pb 1.01 081 | 106 | 086 | 1.38 [ 275 [ 096 | 224 | 1.21 | 095 | 073 | 101 | &
Cr 0.89 061 [ 1157 | 038 [ 139 [ 074 | 1.34 | 097 [ 063 [ 0.78 | 0.83 | 066 |
Mn 0.97 059 | 121 [ 021 | 12 [ 037 [ 079 | 04 [ 034 [ 061 | 038 | 074 | &
Co 0.87 051 | 403 [ 027 | 114 [ 057 [ 083 | 05 | 036 | 058 | 064 | 068 | &
o Ni 1.69 049 [2115] 05 | 171 | 108 [ 17 [ 099 [ 068 | 118 | 1.16 | 083 | 8
Cu 0.04 001 | 001 | 002 [ 002 | 002 [ 002 | 002 [ 002 | 002 | 002 | 002 | &
Zn 0.38 046 | 055 | 027 | 091 | 045 | 046 | 031 | 024 | 035 | 028 | 051 | &
cd 0.25 025 | 063 | 049 | 106 | 116 | 042 | 0.4 | 029 | 034 | 024 | 029 | &
Pb 0.29 0.3 024 | 017 [ 099 | 092 | 039 | 052 | 019 | 0.26 | 012 | 042
CD 5.37 323 3939 | 229 | 841 [ 53 | 594 | 411 [ 275 | 412 | 368 | 4.14
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Figure 6- a, b and c: Heavy metals enrichment factors of Ef value, Cf value and CD value, respectively of
different LULC classes in LZRB.

Conclusion

Heavy metals concentrations for different LULC classes of the LZRB were established in this
study. The variations in heavy metals contents throughout the LZRB may be influenced by the
intensities of various land use activities, soil types and chemistry and environmental conditions. The
soils of the LZRB are moderately alkaline and characterized by low organic content. Comparing heavy
metal in soil from different LULC classes were evidently affected by the human impact whereas, the
higher accumulation of Mn, Cr, Ni, Zn, Cu, Co, and Cd is found in agriculture land and Pb is found in
urban and built up land. The high content of most heavy metals in soils of the northeastern and
southeastern parts of LZRB can be attributed to the occurrence of mafic or ultramafic rocks and
lithologies rich in Fe and Mn metals. However, it is evident that the concentration of all studied heavy
metals, show a wide range of variation between the minimum and maximum contents which reflect the
heterogeneity in the lithostratigraphy and variations in the LULC of the main basin. The results
indicate that the regional geology is a key factor to determine soil geochemical baselines for soil
pollution assessment. Heavy metals distribution in different LULC, indications possible human
influences superimposed on natural soil background concentrations. Phosphate fertilizers and
pesticides containing heavy metals are also important sources of heavy metals in soils.

The results obtained by correlation show that the positive correlation of MgO with Cr, Ni and Co
suggest that are derived from direct weathering of ultramafic and mafic rocks and from the recycling
of sedimentary rocks enriched in ultramafic debris which are predominance in the upper part of the

1500



Al-Saady et al. Iragi Journal of Science, 2016, Vol. 57, No.2C, pp:1484-1503

main basin. Positive correlations of major oxides suggest that they are associated with different types
of accessory minerals that concentrate these elements and can be attribute mainly to the fine fraction
of feldspar and clay minerals. Positive correlation of P,Os with OM, Cr, Co, Ni, Cu and Zn which are
geochemically quite different can be interpreted by the anthropogenic pollution. Whereas, all these
elements are widely used in industry and agricultural activities. In addition, the presence of
phosphorus is an indicator of applying phosphate fertilizers. Strong correlating of all heavy metals
except Cr with Mn and some heavy metals as Cr, Mn, Co and Ni with Fe,O3 probably refers that they
are adsorbed on Fe and Mn oxide/hydroxide.

The Ef values for most metals are lower than minimal enrichment indicating of no or minimal
pollution. Among heavy metals only Cr and Ni in five LULC class, Co in virgin soil and Mn in forest
land lay within moderate enrichment categories. Soils of LZRB classified within low degree of
contamination based on Cf categories, for all heavy metals in different LULC classes, except of Cr and
Ni in agricultural land and also Ni in virgin soil and in urban and built up land which lie within
moderate degree of contamination. Considering the CD, soils from all LULC classes showed a low
degree of metal contamination except Zs5 site which indicate very high degree of contamination.
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