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Figure 1- Location of study area and Soil sampling points in different landuses.
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Table 1. Descriptive statistics of soil characteristics of the study area.

Soil Min Max Mean Standard CV  Skewness Kurtosis Kol-Smi
Charectristics” Deviation  (a) (b) (b) Test (c)
pH 7.02 877 770 0.21 2.78 4.67 0.72 0.619
EC 046 1632 284 2.16 76.19 13.11 2.96 0.001
Sand 21.90 72.60 43.61 10.05 23.04 0.18 0.20 0.809
Silt 1890 54.10 38.46 5.48 14.24 1.41 -0.56 0.310
Clay 7.60 33.50 17.92 5.64 31.48 -0.65 0.36 0.009
CCE 31.15 8582 52.74 7.29 13.83 2.81 0.62 0.225
OM 0.02 672 3.00 2.15 71.65 -1.50 0.10 0.008
CEC 458 2091 1242 3.97 31.93 -0.79 0.02 0.535
Pb 349 15.67 741 2.31 31.13 0.38 0.51 0.753

sl 005 e 33 OM 5 CCE o, ¥ ooy slojlal .ol cmol(+).kg ™ 5 dS.m™ 5 5y CEC s EC claasly
J¥ <ol sl LYY e hgie oglis SV oY e 1S Sl LYV e > S s ol @
-2<Normal<2 :b Normal, sig>0.05:c

Note: The units of EC and CEC are dS.m™ and cmol(+).kg™, respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent. a: (Very low diff. <
0.1, Low diff. 0.1-0.2, Medium diff. 0.2-0.3, high diff. >0.3), b: -2< Normal<2, ¢: Normal, sig>0.05. Fe: Iron, Pb: Lead and Cd: Cadmium.
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Table 2- Experimental variogram fitting model and summary of geostatistical analysis of the soil characteristics.

Soil Variogram Model Nugget Sill Effective C/CytC  CO/CytC  R2 RSS
Charectristics” Direction range (m)

pH Anisotropic  Exponential ~ 7x10%  2.01x107 9087 0.65 0.35 0.22 141x10*
EC Anisotropic ~ Exponential ~ 0.36 0.87 770 0.59 0.41 0.26 0.22
Sand Isotropic Exponential ~ 82.50 165.10 433 0.50 0.50 0.51 2389
Silt Anisotropic Spherical 28.08 79.58 774 0.65 0.35 0.25 132055
Clay Isotropic ~ Exponential ~ 24.80 49.61 433 0.50 0.50 0.59 186
CCE Isotropic Spherical 0.18 0.36 811 0.50 0.50 0.68 0.03
oM Isotropic Spherical 3.37 6.74 811 0.50 0.50 0.82 7.02
CEC Anisotropic  Exponential ~ 15.01 3743 376 0.60 0.40 0.56 238.33
Pb Anisotropic  Exponential ~ 4.41 11.96 183 0.63 0.37 0.67 33.09

ol 50y e gy T 0y s ol padS LS s,y wsY 55 sloojll ol cmOl(+).kg ! 5 ST s iy Ssals Jols cud B 5 Sl calin slaasly

Note: The units of EC and CEC are dS.m™ and cmol(+).kg", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent.
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Table 3- Selective model for mapping soil charectristics and the amount of Lead with different estimators.

Soil IDW Kriging Choosen model
Charectristics* RMSE MAE RMSE MAE
pH 0.24 0.004 0.23 0.005 Kriging
EC 16.89 -0.37 17.11 0.25 IDW
Sand 10.63 0.04 10.70 0.15 IDW
Silt 6.04 -0.01 6.07 -0.01 IDW
Clay 5.71 -0.03 5.68 -0.08 Kriging
CCE 8.30 -0.38 8.28 -0.38 Kriging
oM 2.38 0.18 2.20 0.03 Kriging
CEC 4.20 0.19 3.98 -0.08 Kriging
Pb 1.36 0.02 39.48 -0.29 IDW

RMSE sl a3 o 3 T 8lgo 5 Jolas puedS Ly S e im0 055 ool .ol cmol(H).kg ! 5 dS.m™ Cossay Sissls Jols b b 5 (S0l culin sloasls #

Blae sl Sk : MAE 5 Sk i) slas .S0Ls

Note: The units of EC and CEC are dS.m™" and cmol(+).kg™", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent

RMSE: Root Mean Square Error, MAE: Mean Absolute Error.
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Figure 2- Mapping of spatial variability of soil charectristics. 2a: pH, 2b: EC, 2c: Texture 2d: CCE, 2e: OM, 2f: CEC.
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Figure 3- Mapping of soil Lead amount of study area.
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Table 4- Descriptive analysis of soil charectristics and Pb amount in relation to land use.

Soil Bare Garden

Mountain range land Urban parks

Charectristics* K K
Min Max Mean Min Max

Mean Min Max Mean Min Max Mean

pH 702 794 760 745 797
EC 054 1632 323 068  6.59
Sand 23.60  72.60 4409 2190 59.40
Silt 18.90 49.00 3878 2970 54.10
Clay 850 290 17.17 1090 28.70
CCE 3925 6557 5285 3115 6557
oM 005 576 134 001  6.50
CEC 514 1853 1008 740  20.04
Pb

8.47 15.67 1033 5.02 7.98

50.25

7.22 8.13 7.69 7.48 8.71 7.79

0.46 8.75 2.51 0.96 9.36 3.09

4386 22.80 68.30 44.10 2590  65.10 42.39
38.48 2410 46.90 37.75 2550  47.70 38.81

17.66 7.60  33.50 18.15 9.40 29.00 18.70

38.15 8582 55.72 42.08  65.57 52.16

0.07 6.72 2.79 0.03 5.86 3.64

13.72 458  20.27 12.30 6.32 2091 13.57

3.49 6.11 4.68 6.58 9.80 8.01

sl 30y e 1 I Slge 5 Joles pendS LS ooy sY oo slaoslil ool cmOl(H).kg ! 5 ST Loy SslS Jols byl 5 S S cylan ool slaasly %
Note: The units of EC and CEC are dS.m™ and cmol(+).kg™", respectively ; and the amounts of sand, silt, clay, CCE and OM are in percent.

10.00 bababa

E 4583
el 1

EC Sand Silt

CCE oM

i Bare land ®Garden #Mountain park ® Urban park

Means followed by different letters are significantly different at (P<0.05).
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Figure 4- Comparison of soil charectristics and Lead amount in relation to different land uses.
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Table 5- Correlation between Lead and other soil charectristics of study area.
CCE OM Clay Silt  Sand
LY ) W ) NN ) S M 1)
Pb_ 0.077 0.038 -0.124 -0.240" -0.307"_ -0.062 -0.029 0.020
T olge o3l OM. . S95t5” Jobs cud s :CEC «Jolas pundSolis,s :CCE (S0 58Il culan coils :EC
N B O R R I SIS URE WOV 325 N B O R N LW WOV 3
EC: Electric Conductivity; CCE: Calcium Carbonate Equivalent; CEC: Cation Exchange Capacity; O.M: Organic Matter.
*: Correlation is significant at the 0.05 level. **: Correlation is significant at the 0.01 level.
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Figure 5- Lithology of study area.
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Table 6- Maximum permissible range for heavy metals in soil.

Heavy Metals EU STD= UK STD US STD WHO
mgkg” mg kg™ mg.kg”! mg kg mg.kg”

Fe - - - -
Zn 300 200 200-300 16-60
Hg - - - 0.001-0.04
Cu 140 63 80-200 1-12
Cd 3.0 1.4 400 0.002-0.5
Cr 180 6.4 400 0.002-0.2
Pb 300 70 300 0.3-10
Ni - - - 0.1-5

(Hong et al., 2014; Asemave and Anhwange 2012; Nangia 1991) )L =* STD . Jle> coilag olele=WHO* wosie VL] = US® (il » = UK™ Wg,l = EU
EU = Europe, *UK= United Kingdom, *US = United States, *WHO = World Health Organization, *STD = Standard. (Hong et al., 2014; Asemave and

Anhwange 2012; Nangia 1991).
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Extended Abstract

Introduction and Objective

urbanization has led to environmental challenges; one of these challenges is heavy metal
contamination in which is a serious concern for the public health and health of watershed residents issues.
One of the heavy metals that play a major role in soil pollution in urban ecosystems is Lead (Pb). Pb has
been used by humans for a long time, and in recent decades, leaded gasoline is one of the main sources
of this pollutant in urban watersheds. The use of digital soil mapping using the functions available in
geostatistics has changed the zoning of soil pollution compared to the old methods and can lead to the
optimal management of soil pollution while land use can also have a great impact on this management.
The aim of this research is to determine the amount of Pb heavy metal in soil and its relationship with
land use.

Materials and methods

The study area was Shiraz urban watershed with an area of 41133 hectares, as a part of the Maharloo
lake watershed, located in the central part of Shiraz township, Fars province in the south of Iran. Soil
moisture and temperature regims of study area are xeric and thermic respectively. The studied land
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uses were bare lands, urban parks, gardens and mountain range lands In order to determine the
physical and chemical properties of the soil, 30 soil samples were taken from the depth of 0 to 20 cm
from each land use. Geographic information system (GIS) and spherical and exponential variogram
geostatistical models were used to produce digital maps. Kriging method was also used to estimate
the physical and chemical properties, and the amount of Pb.

Results and discussion

Based on the results of this research, the difference in soil chemical properties such as reaction,
equivalent calcium carbonate and the amount of organic matter in different uses was significant.
Also, the amount of cation exchange capacity and lead pollution was significant at the level of 0.01.
The results of this research showed that in urban watershed soils of Shiraz, the amount of Pb was
influenced by some chemical characteristics of the soil such as organic matter and cation exchange
capacity. In the studied area in different land uses, the trend of Pb contamination was as follows:
mountain range lands < gardens < urban parks < bare lands.

Conclusions and suggestions

The results of current research showed that different land uses can affect the amount of Pb.
Considering the problem of soil pollution in urban watersheds and the important effect of land
use on its amout, it is suggested to carry out research and urban development projects for detailed
investigations of land use and its relationship with other environmental characteristics, including soil
pollution. It is also suggested to carry out more local and thematic researches in urban ecosystems
on the effect of various types of plant species on the amount of heavy metals in the examined soil, so
that by planting that type of vegetation, soil decontamination can be helped.
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