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ABSTRACT

Heavy metals are the most important sources of non-point pollution of natural resources. Every year,
thousands of these elements on a global scale enter to the soil system. The aim of this study was to
investigate the phytoremediation of cadmium and chromium by plants around Ardabil Cement
Factory. With field work and presence in the field of soil and plant samples need to be prepared.
Statistical analysis is performed using the SPSS software. For this purpose, analysis of variance was
used to examine the significance of the effect of treatments on the components of the study and
Duncan test was used to compare components in the 95% confidence level. The results showed that
the majority of Cr in the stem and leaf Thuja Orientalis equal to 13443.3 ppb and the least amount of
this element in the stems and leaves, the Pinus Nigra and the amount is 8799 ppb. The highest amount
of Cd in stems and leaves of Robinia pseudoacacia species equal to 32 ppb and the least amount of
this element in the stems and leaves, related to the amount of Fraxinus excelsior is 6.53 ppb. For
statistical comparison test, ANOVA and Duncan test was used for pairwise comparison. The
difference between the amount of cadmium and chromium soil around the stem and leaves all four of
these species shows that there are significant differences between stems and leaves (Pyae <0.05). The
difference between the amount of cadmium and chromium stems and leaves of the plant show that
there are four significant differences between species (Pyaue <0.05).
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Problem Statement:

Providing healthy food security the world's
growing population with limited land resources,
so it's the least damage on the environment, is
one of the important things. Increased industrial
activities associated with the production of
contaminants such as heavy metals is one of the
serious problems facing mankind in the present
age is expanding (Torabiyan, 2002). One of the
old concerns about the development of
industries and factories is in today's society,
environmental contamination issue. Pollution
caused by man himself and his own are also
injured. In developed Western countries took

serious effort trying to create technology to
reduce pollution factors arising from industrial
processes. However, in developing countries,
efforts geared toward industries and modern
technologies as soon as possible, prevented
them from paying attention to environmental
issues. One of the major factors causing
pollution, the cement production process at the
plant. The statistics showed that the
environmental impacts of cement in our
country, unfortunately, has become the
controversial and serious issue. Although the
Environmental Protection Organization,
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exposure to pollutant emissions are considered
that in many regions of the industrialized world
is as one of the important industries, however,
with the development of appropriate strategies
in the cement industry, the amount of these
substances can be reduced as much as possible
and 9 result in dire consequences for human
and prevented vegetative (Abbasi, 2006). Soil
pollution with heavy metals is one of the most
important environmental problems in many
parts of the world. It should be noted that all
the elements are present naturally in the soil
and the definition of its natural concentration in
soil geological and geographical changes
should be considered (Blaster, 2000). Soil is
one of the most important and valuable nature.
Soil is the origin of the universe and human
legacy for the future without healthy soil life
and life on Earth would not be possible. 95% of
human food comes from the land. Planning for
a healthy and productive soil is essential for
human survival substances, organisms or
energy into the soil causes the soil quality
changes. During the process, chemical, mineral
and organic decomposition and change, and in
the process suffered physical, material and
pasted to create different soil horizons. Soils
are complex mixtures of inorganic, organic, air
and living things. Soil is a product of the
environment that is constantly subject to
change and transformation. Soil develops
slowly, always and all the time in the dry areas
and fast in wet areas (Ryan, 2004). Heavy
metals through human activity (fossil fuel
combustion, mining, and ore containing metal
treatment, urban sewage, pesticides, and dyes)
and natural erosion can enter to the biosphere
(Hatamian, 2000). Heavy metals such as lead,
cadmium, chromium because of the potential to
harm human and animal health in recent
decades have been highly regarded in terms of
environmental issues and has tried to prevent
them from entering the cycle as much as
possible the environment (Sahebghadam,
1997). Many heavy metals, especially cadmium
are found in small amounts in soil and plant.
The rare earths are a result of weathering of
rocks naturally into the environment. They can

Samira Hosseini and Marziyeh Mosaye

be washed into surface water or underground or
are absorbed by plants, they can be a gas into
the atmosphere or soil components such as clay
or organic matter bond. The behavior of heavy
metals in the soil of those terms that can
contaminate ground water level and can enter
the food chain are also important (Norouzi,
2006). Phytoremediation is a method of
bioremediation of soils, which in recent
decades it has been a lot of attention that the
resistant plants for remediation of soils
contaminated with organic and inorganic
compounds are used. The advantage of this
method compared to other methods that include
simplicity, low cost and utilizes a large scale is
possible. In this method, plant selection is of
particular importance. Plant selection is
dependent on climatic conditions and the rate
of contamination (Cleveite, 1986). With the
rapid expansion of the industry in the last
decade and the increase in intensive agriculture
in response to the demand of a growing
population, mining, manufacturing and
recycling more waste and sewage, the use of
sewage sludge and wastewater as a resource for
feeding and watering plants etc., has led to the
entry and accumulation of toxic heavy metals
in soils. Most heavy metals, organic pollutants
that are contrary to break through biological or
chemical, they stay a long time in the soil (Guo,
2006). Fekri and Naderi 2014 in his review of
the accumulation of lead and cadmium in plants
of Ardabil highway margins achieved this
result that the accumulation rate between
variable and distance from roads that lead from
the highest levels of negative dependence
between distance and reposition the lead and in
the case of cadmium showed no significant
relationship between the accumulation of
cadmium and distance variable. Analysis of
variance showed that the plants absorb lead in
terms of the significant differences, there are
significant differences were observed in terms
of absorption of cadmium. Nazemi et al in 2010
in a study of heavy metals in vegetables
growing suburb of Shahroud city were
examined. During the study, 150 samples for
three months (every 50 samples) were collected
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randomly and analyzed. The findings suggest is
a high concentration of chromium, cadmium
and lead more than the standard range provided
by WHO and FAO to plants and due to urban
and industrial wastewater. The results showed
that the accumulation of heavy metals in
roadside in order Ni> Pb> Cd were found, as
well as pollution with heavy metals plants were
obtained in the same way. The accumulation of
these metals in the zero meter and 100-meter
road and is also greater than 50 greater than 1
kilometer roadside were reported. By
examining the accumulation of heavy metals in
soil roadside concluded that concentrations of
these elements decreases with increasing
distance from the edge of the road, except that
the concentration of the metal cadmium is
independent of the distance and this suggests
that cadmium pollution in the area is not due to
road traffic. So to achieve the objectives of
sustainable  development, environmental
baseline data collection is essential for vital
resources such as soil and plant. Ardabil
Cement Factory as one of the major reservoirs
of infection is of utmost importance and in
recent years many changes have been done on
soil quality and vegetation. In this study, the
concentration of these elements from the soil
and plants around it in order to assess the level
of contamination was investigated.

METHOD:

Area of study:

This research was done in green areas around
Ardabil Cement Factory, one of the largest
industrial establishments in the North West of
Iran's Ardabil province, in twenty-five
kilometers from the city of Ardabil, at an
altitude of 1314 meters above sea level and is
located in an area of 105 hectares. Following
the idea of industrial self-sufficiency in 1987,
the supply of cement needed Ardabil province
and neighboring provinces in order to promote
development and prosperity of the country of
Ardabil Cement Co. and Lime of Azarshahr
was established as a joint stock and since 1990
practically the executive phase began in
October 1996, the factory has been exploited
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and the legal nature of decisions of the private
joint stock company in 1999 and became a
publicly traded shares was released to the Stock
Exchange and around 1991 start creating green
space around the factory has an area of 32
hectares today. Green space consists mainly of
non-productive tree species that aims to
control, absorb and reduce emissions from
cement plants have been established. Green
space without previous plan and design based
on expert opinion solely responsible for green
space of factory during the year of construction
is composed of different species of trees, shrubs
and berries. The tree species cultivated in the
wider area include Robinia pseudoacacia,
Fraxinus excelsior, black Thuja Orientalis and
pine. That part of the plant green space that has
been created with the aim of attracting and
lower emissions, the factory is in the western
part of the factory, a significant level of green
space as well as the intensity of the resulting
dust from dried plants. This study was
conducted to evaluate the ability of cultivated
plants to absorb cadmium and chromium.

L | ; “l‘.".‘ ‘ il i)
Figure 1: Satellite image of Ardabil Cement
Factory
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After examining the area of green space around
the plant, according to plant species that have
been cultivated for afforestation, species of
Robinia pseudoacacia, Fraxinus excelsior,
Pinus Nigra and cedar vats were selected area
of the plants was higher compared to the same

Figure (3): Robinia psendoacacia

distribution and extent of judicial review. The
dominant species of foliage and soil sampling
was performed under the canopy species.
Samples of the aerial parts of the plant (foliage)
in a completely randomized design with three
replications for each species were sampled.

Figure (2) : Fraxinus excelsior

The statistical analysis was performed using the SPSS software. For this purpose, significance
analysis of variance to assess the effects of treatments on the components of the research and Duncan
test was used to compare the average component at 95%.
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RESULTS:
The results of the concentration of cadmium and chromium:
Table 1: The concentration of cadmium in the samples tested in terms of ppb

Repeat Robinia pseudoacacia Fraxinus excelsior Thuja Orientalis Pinus Nigra
Leaves and stems 1 30 6.1 13 12
Leaf and shoot 2 34 7 15 115
Leaves and stems 3 32 6.5 12 11
Soil (depth 0-20) 1 26 28 29 27
Soil (depth 0-20) 2 27 34 32 30
Soil (depth 0-20) 3 265 30 29 27
Soil (depth 20-40) 1 27 27 24 18
Soil (depth 20-40) 2 22 30 265 23
Soil (depth 20-40) 3 26.5 25 26 205
Table 2: The concentration of chromium in the samples tested in terms of ppb
Repeat Robinia pseudoacacia Fraxinus excelsior Thuja Orientalis Pinus Nigra
Leaves and stems 1 10418 9831 12996 8931
Leaf and shoot 2 11976 10718 14872 9147
Leaves and stems 3 10528 9329 12462 8319
Soil (depth 0-20) 1 18952 19357 12748 17514
Soil (depth 0-20) 2 21682 22347 15388 19654
Soil (depth 0-20) 3 16861 17556 11352 15269
Soil (depth 20-40) 1 19405 19266 12968 18875
Soil (depth 20-40) 2 23700 21340 15960 20813
Soil (depth 20-40) 3 17587 17378 13613 16725

Descriptive statistics of cadmium in plants

Table 3 shows the mean and standard deviation of the amount of cadmium in three parts: stems and
leaves, the four species studied in terms of parts per billion. Accordingly, the maximum amount of
cadmium in the stems and leaves of the Robinia pseudoacacia species and is equal to 34 parts per
billion. Also, the minimum amount of these elements in the stems and leaves of Fraxinus excelsior
species is the amount of 7 parts per billion.

Table 3: Mean and standard deviation of the measured cadmium in the stem and leaf samples

Number Mean standard deviation
Robinia pseudoacacia 3 32 2
Fraxinus excelsior 3 6.53 0.45
Thuja Orientalis 3 13.33 1.52
Pinus Nigra 3 115 0.5

Descriptive statistics of chromium in plants

Table 4 shows the mean and standard deviation of the amount of chromium in three parts: stems and
leaves, in terms of parts per billion representing the four species studied. Accordingly, the amount of
chromium in the stems and leaves of the cedar barrel is kind and is equivalent to 14872 parts per
billion. Also, the minimum amount of these elements in the stems and leaves of Pinus Nigra and the
amount is 8319 parts per billion.
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Table 4: The mean and standard deviation of the measured amounts of chromium in the stem and leaf samples

Number Mean standard deviation
Robinia pseudoacacia 3 10974 869.49
Fraxinus excelsior 3 9959.33 703.33
Thuja Orientalis 3 13443.33 1265.74
Pinus Nigra 3 10793.915 853.21

Statistical Comparison

In order to determine the differences between different species examined in relation to the amount of
cadmium in the soil around plant stems and leaves using one-way ANOVA was used to compare
statistics from different perspectives, the results of which will be described later.

Compare the amount of chromium in the soil around the plant and Robinia pseudoacacia
species

Table 5: Analysis of variance amounts of chromium found in plant and soil around the Robinia pseudoacacia
species

SS df Ms F Sig
Intergroup 153914004.2 | 2 | 76957002.11 | 14.031 0.005
Chromium Intergroup (error) 32908102.67 6 5484683.778
Total 186822106.9 | 8

Table 6: Duncan paired amounts of chromium in the soil around the plant and Robinia pseudoacacia species
Duncan Test

Group Alpha =0.05
Number
1 2
Stems and leaves 3 10974 ¢
Topsoil (depth 0-20) 3 19165 b
Soil depth (depth 20-40) 3 20230.6667a
Significance level 1.000 0.597

The differences between the chromium content of the soil around the stems and leaves of Robinia
pseudoacacia species suggests that there are significant differences between the three parts. This
means that the element chromium in the stems and leaves are not the same with the surrounding soil.
Duncan also shows that there is a significant difference between surface and deep soil around the
values of chromium species of Robinia pseudoacacia species but between the surface and deep soil
around the stems of Robinia pseudoacacia leaves significant difference can be observed.

Compare the amount of cadmium in the soil around the plant and Robinia pseudoacacia species
Table 7: ANOVA test for the concentration of cadmium in Robinia pseudoacacia

SS df Ms F Sig
Intergroup 78.722 2 39.361 9.979 0.012
cadmium Intergroup (error) 23.667 6 3.944
Total 102.389 8
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Table 8: Duncan paired levels of cadmium in the soil around the plant and species of Robinia pseudoacacia
Duncan Test

Group Number Alpha = 0.05
1 2
Topsoil (depth 0-20) 3 25.16667 ¢
Soil depth (depth 20-40) 3 26.5b
Stems and leaves 3 32a
Significance level 0.442 1.000

The difference between the amount of cadmium in the soil around the stems and leaves of Robinia
pseudoacacia species suggests that there are significant differences between the three parts. This
means that cadmium in the soil around plant stems and leaves, and also not the same. Duncan test also
shows that there is a significant difference between surface and deep soil around the amounts of
cadmium species of Robinia pseudoacacia species but between the surface and deep soil around the
stems of Robinia pseudoacacia leaves significant difference can be seen.

Compare the amount of chromium in the soil around the plant of Fraxinus excelsior species

Table 9: ANOVA test for the concentration of chromium in Fraxinus excelsior

SS df Ms F Sig
Intergroup 183875259.6 | 2 | 91937629.78 | 26.835 0.001
Chromium Intergroup (error) 20556313.33 6 3426052.222
Total 2044315729 | 8

Table 10: Duncan paired amounts of chromium in the soil around the plant of Fraxinus excelsior species

Duncan Test

Alpha = 0.05
Group Number
1 2
Stems and leaves 3 9959.33 ¢
Topsoil (depth 0-20) 3 19328 b
Soil depth (depth 20-40) 3 19753.33 a
Significance level 1.000 0.788

Investigation of the difference between the chromium content of the soil around the stems and leaves
of Fraxinus excelsior indicates that there are significant differences between the three parts. This
means that the element chromium in the soil around plant stems and leaves, and also not the same.
Duncan also shows that there is a significant difference between the soil surface and depth of the
species in terms of amounts of chromium in Fraxinus excelsior species but between the surface and
deep soil around the stem with leaves of Fraxinus excelsior that significant differences can be
observed.

Compare the amount of cadmium in the soil around the plant of Fraxinus excelsior species
Table 11: ANOVA test for the concentration of cadmium in Fraxinus excelsior

SS df Ms F Sig
Intergroup 1026.169 2 513.084 | 96.991 0.000
cadmium Intergroup (error) 31.74 6 5.29
Total 1057.909 8
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Table 12: Duncan paired levels of cadmium in the soil around the plant of Fraxinus excelsior species
Duncan Test

Alpha = 0.05
Group Number
1 2
Stems and leaves 3 6.5333c
Topsoil (depth 0-20) 3 27.3333b
Soil depth (depth 20-40) 3 30.6667a
Significance level 1.000 0.126

The difference between the amount of cadmium in the soil around the stems and leaves of Fraxinus
excelsior indicates that there are significant differences between the three parts. This means that
cadmium in the soil around plant stems and leaves, and also not the same. Duncan also shows that
there is a significant difference between surface and deep soil around the levels of cadmium in
Fraxinus excelsior species but between the surface and deep soil around the stem with leaves of
Fraxinus excelsior that significant differences can be observed.

Compare the amount of chromium present in the plant and the soil around the Thuja Orientalis

of species
Table 13: ANOVA test for the concentration of chromium in Thuja Orientalis
SS df Ms F Sig
Intergroup 1657588.222 2 828794.111 0.3 0.751
Chromium Intergroup (error) 1656561 6 2760935.667
Total 18223202.22 8

Table 14: Duncan paired amounts of chromium in plants and soil around the Thuja Orientalis of species
Duncan Test

Group Number Alphalz 0.05

Topsoil (depth 0-20) 3 13162.6667¢

Stems and leaves 3 13443.3333b

Soil depth (depth 20-40) 3 14180.3333a
Significance level 0.495

The differences between the chromium content of the soil around the stem and leaf Thuja Orientalis
show that there is any significant difference between the three parts. Duncan also shows that there is a
significant difference between the stem and leaves and soil around the Thuja Orientalis of species.
Compare the amount of cadmium in plants and soil around the Thuja Orientalis of species

Table 15: ANOVA test for the concentration of cadmium in the Thuja Orientalis
SS df Ms F Sig
Intergroup 446.056 2 223.028 | 94.459 0.000
cadmium Intergroup (error) 14.167 6 2.361
Total 460.222 8

Table 16: Duncan paired comparison of cadmium concentrations in plant and soil around the Thuja Orientalis
of species
Duncan Test

Alpha = 0.05
Group Number 1 > 3
Stems and leaves 3 13.333c
Topsoil (depth 0-20) 3 25.5b
Soil depth (depth 20-40) 3 30a
Significance level 1.000 1.000 1.000
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The difference between the amount of cadmium in the soil around the stem and leaf Thuja Orientalis
show that there are significant differences between the three parts. This means that cadmium in the
soil around plant stems and leaves, and also not the same. Duncan test also shows that there is a
significant difference between the surface and deep soil around the stem and leaf species and Thuja

Orientalis.

Compare the amount of chromium in the soil around the plant and Pinus Nigra

Table 17: ANOVA test for chromium concentration in Pinus Nigra

SS df Ms F Sig
Intergroup 177205603.6 2 88602801.78 | 28.974 0.001
Chromium Intergroup (error) 18348240.67 6 3058040.111
Total 195553844.2 | 8

Table 18: Duncan paired amounts of chromium in the soil around the plant and Pinus Nigra

Duncan Test

Alpha =0.05
Group Number
1 2
Stems and leaves 3 8799c
Topsoil (depth 0-20) 3 17479b
Soil depth (depth 20-40) 3 18804.3333a
Significance level 1.000 0.389

The differences between the chromium content of the soil around the stem and leaf pine and black
indicates that there are significant differences between the three parts. This means that the element
chromium in the soil around plant stems and leaves, and also not the same. Duncan test also shows
that there is a significant difference between surface and deep soil surrounding pine species in terms
of the amount of cadmium in Pinus Nigra but between the surface and deep soil around the stem of
the leaf extract is a significant difference.
Compare the amount of cadmium in the soil around the plant and Pinus Nigra

Table 19: ANOVA test for chromium and cadmium concentrations in Pinus Nigra

SS df Ms F Sig
Intergroup 409.5 2 204.75 | 64.658 0.000
cadmium Intergroup (error) 19 6 3.167
Total 428.5 8

Table 20: Duncan paired levels of cadmium in the soil around the plant and Pinus Nigra

Duncan Test

Alpha = 0.05
Group Number
1 2 3
Stems and leaves 3 11.5¢c
Topsoil (depth 0-20) 3 20.5b
Soil depth (depth 20-40) 3 28a
Significance level 0.000 1.000 1.000
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The difference between the amount of cadmium
in the soil around the stem and leaves with pine
and black indicates that there are significant
differences between the three parts.

This means that cadmium in the soil around
plant stems and leaves, and also not the same.
Duncan test also shows that there is a
significant difference between the surface and
deep soil around the stems and leaves of Pinus
Nigra species.

CONCLUSION:

According to the results, the highest
concentration of cadmium in the stems and
leaves of Robinia pseudoacacia species is (32)
ppb and the lowest species related to Fraxinus
excelsior is (6.52).

It can be said that Robinia pseudoacacia species
have the greatest ability to transfer and save
cadmium from soil to air limbs and the lowest
concentration is related to Fraxinus excelsior
species. The highest concentration of chromium
in the stems and leaves of the cedar barrel is
related to species (13443.3) and Robinia
pseudoacacia (10974) and Fraxinus excelsior
(9959.33) and Pinus Nigra (8799) ppb.

It can be said that Cupressus arizonica species
has the greatest ability to transfer and store of
chromium from soil to air limbs and the lowest
is a Pinus Nigra.

Table 21: The average concentration of cadmium in
leaves and stems

species Mean
Robinia 32
pseudoacacia
Thuja Orientalis 13.33
Pinus Nigra 11.33
Fraxinus excelsior 6.53
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Table 22: The average concentration of chromium
in the stems and leaves

species Mean
Robinia
) 10974
pseudoacacia
Thuja Orientalis 13443.3
Pinus Nigra 8799
Fraxinus excelsior 9959.33
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