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Figure 1 - Location of study area in country and Isfahan withlocation of sampling points in Lenjanat region
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Figure 2- Graph subsidence rate of atmospheric dust in seasons (Different letters indicate significant differences at the 99%

level)
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Table 1- Subsidence rate of atmospheric dust in seasons (gr/m *day)

Ol SN Olme b Jw Jguad
(Summer) (Spring) (Winter) (Autumn) ( seasons)
0204  0.095 0068 0003 S ol sl ey

(rate of atmospheric dust)

sl 05 0305 L5 Y Jgis 53 o cilises Jguad )3 (i <3l Clae 3, Silie duglio gl

Jad o (0,558 12 0,5 e ) polis Clile Siko -F Joio

Table 2- Average element concentrations (mg/kg) at four seasons

Ni Cu Cd Pb Zn
37.49a 33.12a 3.28a 256.83ac  785.45b (Autumn) 5.L
26.09b 33.6la 2.74a 160.85a 573.79a  (Winter) lu.w;
24.16b 14.43b 1.35b 133.81b 279.31c (Spring) ke
48.26c 22.32c 6.13c  524.31c 596.95a (Summer) k.t

Different letters indicate significant differences at the 99% level
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Table 3- Correlation coefficient among heavy metals in different seasons

Ni Cu Cd Pb "&:" Juad

(Variable) (Seasons)
1.00 Zn
1.00 0.86™ Pb

1.00 0.83*" 0.87* Cd b

1.00. 021 024 033 Cu (Autumn)
0.44** 0.38" 0.41*" 0.44™ Ni
1.00 Zn
1.00 0.96™ Pb

1.00 0.87* 0.92" Cd s

1.00 042" 041" 0.45™ Cu (Winter)
1.00 026" 015 023 0.22 Ni
1.00 Zn
1.00 0.66 Pb

1.00 0.81* 0.66™ Cd e

1.00 0.22 034" 033" Cu (Spring)
1.00 0.08 002 009 0.05 Ni
1.00 Zn
100 0.79* Pb

1.00 0.69* 0.81* Cd Ol

1.00 017 024 035" Cu (Summer)
1.00 0.32* 039" 0.31* 041" Ni

s I3 xe £ ¢ 780 o jd oy & e i

*, ** significantat 95 % and 99 % level, respectively.
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Table 4- Accuracy indices of heavy metals in different seasons

NN cu cd Pb  zn o bl
(Variable) (Seasons)
0.254 0.672 0466 0.716 0.679 RMSE smb
-0.032 -0.001 0.036 0.008 0.067 ME (Autumn)
0.001 0.720 0.443 0.672 0.548 RMSE Ol
0.333 0.013 -0.005 -0.037 -0.003 ME (Winter)
0.014 0437 0319 0.623 0.959 RMSE e
0.352 0.003 0.010 0.004 -0.064 ME (Spring)
0.004 0507 -0.005 1351 0.663 RMSE Oy

0.143 -0.003 0.334 -0.006 -0.001 ME (Summer)

JUo Jguad 33 ol (roas 936 g (0,5 9hS 2 0,5 o) (riiow 1318 S i dod (5L yukd (Sl )y -0 g
Table 5-Omnidirectional variogram parameters for all heavy metal concentrations (mg/kg) and accumulationfactors in the

seasons
G0 (Nmily WS o (Numtlg o)y (o) dleld  diliwl s glaxkd sl Joe o
(Spatial dependence class) (%Spatial dependence) Rang(m) Sill Nugget (Model) (Variable)
(Strong) (¢sé 8.33 7303 0.66 0.06 (spherial) 4,5 InZnau
(Strong) (¢ 9.41 8047 0.56 0.06 (spherial) (5,5 InZnwi
(Strong) (¢s3 13.12 7491 1.00 0.15 (spherial) ¢s,8 InZnsp
(Strong) (¢ 13.18 7246 0.90 0.14 (Gaussian) s InZnsu
(Strong) (¢ 15.30 7700 0.98 0.18 (spherial) 5,5 InPbau
(Strong) s 13.95 7913 0.62 0.10 (spherial) (¢q,5 InPbwi
(Strong) (¢ 7.96 5843 0.83 0.07 (Gaussian) s InPbsp
(Strong) (¢ 14.18 7422 2.41 0.40 (Gaussian) s InPbsu
(Strong) (o8 9.02 7913 0.78 0.08 (Gaussian) g InCdau
(Strong) (¢ 13.96 5628 0.37 0.03 (Gaussian) s InCdwi
(Strong) (¢ 15.20 7403 0.32 0.06 (Gaussian) s InCdsp
(Strong) (co3 3.70 7197 0.62 0.02 (Gaussian) s InCdsu
(Strong) (¢ 6.80 4238 0.58 0.04 (Gaussian) s InCuau
(Strong) (¢ 24.37 5237 0.19 0.60 (spherial) 5,5 InCuwi
(Strong) (¢ 12.40 4258 0.21 0.03 (Gaussian) s InCusp
(Strong) (¢ 8.40 5200 0.33 0.03 (spherial) (¢9,5 InCusu
(Medium) Lawsgzo 27.86 8520 0.06 0.02 (spherial) 9,5 Niau
(Medium) Lusgze 26.32 5471 0.18 0.07 (spherial) (¢, Niwi
(Medium) Lausgzo 25.43 4824 0.10 0.03 (Gaussian) s Nisp
(Medium) lawgze 31.65 10082 0.02 0.01 (spherial) s, Nisu

OlwsliiSU gl 1P liwe Wi 3oL zaU
au: Autumn wi: Winter sp: Spring su: Summer
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Figure 3- Spatial variability of zinc in seasons
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Figure 4- Spatial variability of Lead in seasons
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Figure 5- Spatial variability of cadmium in seasons
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Introduction: Heavy metals released from stationaryand mobile origins can be transported in water, air and
soil and can be even absorbed by plants, animals and human bodies. Trace elements are currently of great
environmental concern. Nowadays, one of the most important environmental problems is pollution of
agricultural soils occurs by heavy metals due to human activities. Atmospheric subsidence is one of the main
sources of these elements which can result from industrial activities, fertilizers, sewage sludge, compost and
pesticides. Heavy metals mapping of the atmosphere dusts indicates the status of pollution and its intensity in
industrial regions. This information can also be used as a guideline for better management and pollution control.
This study was performed to investigate the spatial and temporal availability of heavy metals in atmospheric
dusts of Lenjanat region, Isfahan where agricultural land is extensively surrounded by industrial activities like
steel making factory (Esfahan), cement making factory (Sepahan and Esfahan) and Bamalead mine.

Materials and Methods: Sampling was done from 60 points with the same altitude(three to six meters from
the ground)and their location was recorded by GPS. Glass traps (1x1 m?) covered by plastic mesh (2 x 2
cmvents) were used to trap the dusts for four seasons of the year. Collected dust samples were passed through a
200 mm mesh screen size and the total weight of the dusts and the heavy metals content of Cd, Zn, Cu, Ni and
Pbwere determined(with HNO; 60%). Data analysis was performed using Statistical 6.0 software. Analysis of
spatial data via variogram was calculated and performed using Variowin, 2.2 software packages. After
determination of the best fitting model, kriged maps of the total concentration of heavy metals were prepared by
Surfer 8 software.

Results and Discussion: The average concentrations of Zn, Pb and Cd in dust in most parts of the study area
were much higher than the soil standard values and the maximum value was around the Zn and Pb mines.
However, the concentrations of Cu and Ni were higher than the standard values only in some parts of the area.
Comparison of the averages for different seasons showed that in most cases there were significant differences
between the concentrations of the various elements. A significant correlation was observed among Pb, Zn and
Cd concentrations in all seasons indicating similar origin of these elements. The average dust deposition rate in
the summer was more than the other seasons. Moreover, in all seasons except the spring and fall, there was a
significant difference between the average dust deposition rates. Kriged maps of Zn, Cd, and Pb showed that the
maximum concentrations of these elements occurred near the Pb and Zn Bama mine and the concentrations of
these elements decreased with increasingthe distance from the mine. The contamination was lower in the spring
and higher in the summer. Based on the kriged maps, samplingfrom one seasononly can be used to assess the
trend of element contamination but if the objective focuses on absolute heavy metals values, season strongly
influences the results and interpretation from one season can be misleading. The determination of the amounts of
dust and their heavy metal contents in different wind directions is recommended to identify the source of dusts
and heavy metals.

Conclusion: Results showed a significant difference among the mean values of dusts for the different
seasons except for the spring and fall. The mean values of Pb and Cd in all seasons and Zn except for the spring
were higher than the threshold values reported for the soils. A significant correlation was observed among the
concentrations of some elements which may suggest their same origin. Interpretation of kriged maps showed that
zinc and lead Bamamine in the region could be the main source of the contamination of Zn, Pb and Cd.
According to quantitative calculations, a low accordance was observed for the pattern and the values of each
element in different seasons. This can be related to the wind velocity and its direction, intensity of industrial and
mining activities and also the amount of humidity of soil and air during the year. Interpretation of atmospheric
data based on one season may be considerably misleading.
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