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Figure 1. The location of twelve areas and control on the map for collecting leaf samples of trees and
shrub species
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Table 1. The areas where leaf samples were taken
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Control Areas next to the Industrial Park Within Industrial Park il
13 12 11 10 9 8 7 6 5 4 3 2 1 0 Species
Populus nigra L.
* * * % % * * Mg
Populus alba L.
Salix sp.
* * * % * % * % % % By
Rosa sp.
Robinia pseudoacacia L.
* * * * % * * % * SaS0Ls

Fraxinus excelsior L.

1- A star indicates the sample was taken.
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Table 2. Analysis of variance of adsorption (in ppm.) of elements Zn, Cu, Cd and Pb in the leaves of
woody non-fruit-bearing species (Data are mean squares)

g rﬁnlS o S L;:\)'Te\?): \:)\j::x:c‘.d
Pb Cd Cu Zn df Source of variations
Cla..i
1.75ns 3.91%* 0.70ns 2.84%* 2
Radius
2.54 ns 1.45ns 0.29ns 1.43* 3 '
Aspect
S X plas
1.56 s 2.36* 0.41% 0.68ns 6 = C
Radius x Aspect
s
0.34 ns 0.72ns 0.39* 1.34* 5
Species
4}; X g
0.93 ns 0.66ns 0.21ns 0.20ns 14
Aspect x Species
— L&:
1.12ns 0.77ns 0.35ns 0.55ns 9 9 gl
Radius x Species
e
1.70 0.69 0.09 0.26 10
Error
23.73 23.61 14.46 9.81 i
CvV

s pae Sl BB NS s ;s Cla.« 03 4l ge *E oys 0 Cla.« 03 s e *
*significant at level 5%; ** significant at level 1%; ns Not significant
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Table 3. Means comparison of adsorption of elements Zn, Cu and Cd (in ppm.) in leaves of non-
fruit-bearing woody species using Duncan method

w:.nlS o 6}_) m’ﬁ

Cd Cu Zn Species
3.92b 8.10ab 500.38¢c Fraxinus excelsior L. ‘&,i,,.;_fot{)'
12.56a 8.92ab 1215.13a Populus alba L. i
6.02b 11.43ab 466.42¢ Populus nigra L. «s 5 »5
5.09b 7.21b 469.96¢ Robinia pseudoacacia L. 36
2.57b 11.65ab 249.09d Rosa sp.
8.08ab 12.93a 764.05b Salix sp.
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Means with the same letter(s) in each column indicate no statistically significant difference.
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Table 4- Means comparison of adsorption of elements Zn, Cu, Cd and Pb (in ppm.) within first,
second, and third radii, within Industrial Park and control area

< poeedls o S glas
Pb Cd Cu /n Radius
- & £ ~\
139.32a 43.33a 17.88a 4655.32a “ S g
Within Industrial Park
| olad
41.84b 5.75b 10.77b 473.13b e
First radius
s
11.18¢ 3.01b 9.46b 190.59¢ 02 L
Second radius
s
10.32¢ 1.80b 9.71b 163.59¢ t= O
Third radius
Aall
0.57¢ 0.30b 9.66b 68.25¢
Control
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Means with the same letter(s) in each column indicate no statistically significant difference.
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Table 5- Means comparison of adsorption of elements Zn, Cu, Cd and Pb (ppm) within Industrial
Park, four main geographical aspects, and control

o poesls o S sl Sl
Pb Cd Cu Zn Aspects
- S S ~‘
139.32a 43.33a 17.88a 4655.32a o s gl
Within Industrial Park
S
21.05b 2.85b 9.70b 344.75b
Northern
19.67b 3.72b 9.46b 277.32bc o
Western
21.81b 459 12.40ab 227.98bed &
Eastern
11.59b 1.44b 7.09b 126.66¢cd S
Southern
Aall
0.57b 0.30b 9.66b 68.25d
Control
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Means with the same letter(s) in each column indicate no statistically significant difference.
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Figure 2. Adsorption fluctuations of element Zn (in ppm.) for radius X aspect source of variation

160

o

140 =
20 4 2
Qe Cu 100 _:1}\ E-:
g
' Q
60 " g
08
S &

20 .

Y]*»

o

s e C i T e L e e it e Sl R R i
A P e e PR e e e B e e sk
gl S
Radius-Aspect T
S X plad i mie sl (PPIM) e 5 psedlS (e olie Ll ks Y IS
Figure 3. Adsorption fluctuations of elements Cu, Cd and Pb (ppm) for radius % aspect source of
variation
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Abstract

Using plant species to adsorb pollutants is one of the common methods of environmental cleanup. Zinc
Industrial Park within five kilometers south of Zanjan city is a source of environmental contamination.
In this paper, some woody species absorbing heavy metals including copper, zinc, cadmium, and lead,
and the extent of the contamination were investigated. In the control area, within Zinc Industrial Park
boundaries, and the radii of 0-1, 1-3, and 3-5 kilometers from Zinc Industrial Park leaf samples of six
woody species including black locust, ash, white poplar, black poplar, rose, and willow were collected.
Heavy metals concentrations were measured and statistical analysis was carried out under the
assumption of split-plot design based on completely randomized block design. The results showed that
high contamination levels of zinc, cadmium and lead are detectable in a radius of five kilometers from
Zinc Industrial Park. Copper contamination level was below the critical level. But the amount of lead
pollution within the Zinc Industrial Park is threatening, The best species for phytoremediation of
Cadmium and Zinc is white poplar.

Keywords: Non-fruit trees, Heavy metals, Phytoremediation.
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