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Abstract
Today, with the ever-increasing expansion of urbanization and the resulting pollution, human society

has faced various complications and environmental issues. Among these issues, problems related to soil
are particularly important. Therefore, soil is an important indicator of human exposure to rare metals in
urban environments. Heavy metals in urban parks are one of the most important indicators that reflect
the state of pollution in the urban environment. In this study, the concentration of heavy metals in the
soil of a number of selected parks in Tehran was evaluated. After sampling and preparing the samples,
the total concentration of heavy metals in them was measured and using the existing indicators, the
amount of ecological risk and the enrichment of heavy metals were assessed by using various statistical
analyses. The results of the enrichment index show significant enrichment of lead, zinc and cadmium
with average values of 15.67, 9.72 and 53.46, respectively, due to human activities. In ecological risk
calculations, lead and cadmium showed significant and high risk with average values of 8.93 and 194.33
respectively. Finally, according to the statistical analysis, behavioral similarity of pollutants and
previous studies, vehicle traffic was introduced as the main source of heavy metal emission in the soils
of Tehran parks.
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Extended Abstract

Introduction

Heavy metals are highly toxic, and high levels in the soil can impair plant growth and reproduction. Heavy
metal pollution is a constant threat to humans through various sources, the toxicity of which is significantly
increasing. Heavy metal contamination can also affect animals and human health through other means,
including dust and the food chain. Exposure to surface soils containing heavy metals in the long run can
cause severe damage to human health through respiration, ingestion and skin absorption. Heavy metals are
generally part of the natural environment. Some of them, like zinc, copper, iron and manganese, are needed
in small amounts for living organisms. On the other hand, some metals, such as cadmium and lead, can be
toxic to the human body, even in small amounts. Therefore, studying the severity of environmental pollution
in urban areas, especially parks, is one of the most important factors in the absorption and redistribution of
pollutants, especially metal pollutants. Urban parks are places where locals can relax, play and socialize.
With the rapid economic development of recent decades, urban parks have become a very important indicator
for assessing the quality of life of urban residents. On the other hand, due to the presence of potentially toxic
elements in the park soil of industrial cities, the health risk for children is high due to unwanted consumption
of significant amounts of metals and their low tolerance to pollutants. In contrast to agricultural soils, urban
soils, especially park soils that are not used for food products, may have a direct impact on public health and
easily transmit contamination to humans. Today, many studies have been done on the concentration and
dispersion of heavy metals, and a small number of these studies are related to developed countries. Studies
in the central lands of Zanjan province showed that the highest average enrichment factor for the heavy metals
cadmium, zinc, lead and copper occurred in urban land use and also the highest pollution index related to
cadmium and zinc in urban land use, agriculture and it has been a pasture. Another study was conducted to
investigate the level of soil pollution in urban parks in 2016 by Ms. Dawtalab Nezam et al. with the title of
pollution, origin and health risk assessment of potential elements in the soil of Park Shahr and Laleh Park,
Tehran. The results of geochemical indicators and principal component analysis confirmed that the source of
soil pollution in these two traffic parks was fertilizer, garbage, corrosion of metal surfaces of vehicles and
additives to automobile fuel. In 2020, Liu et al. examined the concentration of heavy metals in the surface
soils of urban parks in Beijing, China. In this study, the concentration of heavy metals, sources of pollution
and related risks were evaluated. The results of this study showed that the amounts of arsenic, chromium and
lead are mainly derived from the main soil materials, coal combustion, pesticides and fertilizers. In 2019,
Wong et al. conducted a study to find the difference between the risk assessment of heavy metals in the soil
of new and natural artificial parks in Jiaozuo, Henan Province, China. The results showed that the
concentrations of zinc, manganese, arsenic, lead, chromium and nickel in the newly built parks were higher
than the four main parks. In this study, the concentration of heavy metals in the soil of a number of parks in
Tehran has been studied and using existing indicators, the amount of ecological risk and enrichment of heavy
metals availing various statistical analyzes of sources of pollutants were identified. Although the subject of
the present study is important and practical due to air pollution in Tehran, little research has been done on
surface soil pollution with heavy metals. In this study, the concentration of heavy metals in the soil of a
number of parks in the metropolis of Tehran has been studied and using existing indicators, the amount of
ecological risk and enrichment of heavy metals availing various statistical analyzes of sources of pollutants
were identified.

Materials and Methods

Case Study

The city of Tehran is located in the area between two mountain and desert valleys and on the southern slopes
of Alborz Mountains and has an area of 730 square kilometers. Geographically, it is located at 51 degrees
and 17 minutes to 51 degrees and 33 minutes east longitude and 35 degrees and 36 minutes to 35 degrees and
44 minutes north latitude. In order to study the severity of soil pollution in urban areas with heavy metals and
to assess the risk of release of pollutants, five main and scattered parks were selected in Tehran. These parks
include Chitgar Park, Shahr Park, Mellat Park, Sorkheh Hesar and Velayat Park.

Ecological Risk Index (RI)
The Ecological Risk Index was presented in 1980 by Hakanson based on the results of a study on surface
sediment contamination of a number of lakes in Sweden. This index is as follows:
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R: the total ecological risk index E.: the amount of ecological risk of each element
Cs: the concentration of elements Chn: the concentration of element
T,: the toxicity coefficient proposed by Hakanson for each one of the metals

Tr levels are higher for cadmium and mercury than for other metals, and as a result these metals will carry
more serious hazards. Finally, by measuring the concentration of the desired metals and using the background
concentration of metals and toxicity response factor, the values of the coefficient and the ecological risk
index are obtained.

Enrichment Index (EF)

One of the common methods for estimating human effects on sediment pollution is to calculate the
normalized metal concentration to the background concentration (non-contaminated areas). In this method,
the metal concentration is normalized based on the concentration of the reference metal, which can be
considered iron or aluminum. The following equation shows how the enrichment index is calculated:

R7SN
o (E798

CM: The desired heavy metal concentration (m/1)

CS: The concentrations of iron or aluminum (as ground reference elements)
C: the concentrations in the soil or sediment sample (m/l)

X: the concentrations in the earth's crust (m/1).

As stated in the above relation, the normalization of heavy metal concentrations in the enrichment index is
done using the average concentration of iron and aluminum and in some sources of manganese in the earth's
crust.

Metal Pollution Index (Ipoll)

ol

B.: total metal concentration in sediment samples
L,: The natural contribution of metal in sediment samples

Geochemical accumulation index (Igeo)
l4eo =109,(C,/1.5B,)

(I ge°)Geochemical accumulation index of metal or pollution intensity index.
Cn: Concentration of heavy metal in soil and sediment.
Bn: Heavy metal background concentration.

Discussion and Results

Enrichment index

The results showed that the amount of metal enrichment if manganese is the base metal is different from the
amount of enrichment while lithium is selected as the base metal. According to the results of cadmium, lead
and zinc are highly enriched, highly and significantly enriched, respectively. Chromium and nickel also show
low to moderate enrichment. Copper metal in surface soils of Tehran parks shows low enrichment based on
manganese based metal and low to moderate enrichment based on lithium based metal. According to the five
different groups defined by the enrichment coefficient, these pollutants have the lowest enrichment rate and
are probably more due to natural resources. But if lithium is chosen as the base metal, the maximum
enrichment coefficient of nickel is greater than 4 and chromium is closer to 9, resulting in greater enrichment.
In this case, the maximum iron enrichment coefficient will be greater than 11 and thus show a significant
amount of enrichment. Thus, a general comparison of the two states shows that when lithium is selected as
the base metal, nickel, chromium and iron are more likely to be due to human activities. According to the
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results of statistical analysis of chromium, nickel and iron metals are mainly from human resources, so
lithium as a base metal is more suitable for calculating EF and identifying emission sources. Given that
lithium has less human resources than manganese, it makes more sense to choose this element as the base
metal.

Potential ecological risk

To assess the ecological risk of each heavy metal and the set of metals that indicate the risk of sampling areas
and stations, Er and RI values were calculated using the ecological risk calculation relationship. The results
showed that the highest amounts of ecological risk are related to the samples taken from the soils of the Shahr
Park, which seems reasonable because this area is one of the busiest areas of Tehran in terms of traffic of
different types of vehicles. The lowest risk belongs to soil samples inside Sorkheh Hesar Park and Velayat
Park. Due to less traffic at this point, high green space and distance of sampling point from the perimeter
lines of the park and surrounding streets compared to other sampling points, the result seems quite logical.

Geochemical accumulation index (Igeo)

Based on the results, it can be acknowledged that cadmium has the highest index of geochemical
accumulation in surface soil samples of Tehran parks. Maximum cadmium levels were observed at stations
in the Shahr Park, which according to the classification provided by Ibrahim and Parker in 2008, are highly
contaminated soils.

Conclusions

The results of this study show that the ecological risk assessment index shows the low risk of most sampling
areas, while the highest risk is related to the Shahr Park and Mellat Park, respectively. They also have a high
ecological risk compared to other metals, cadmium and lead. The enrichment index also shows a significant
accumulation of cadmium, lead and zinc and to some extent iron, chromium and nickel in soil samples of the
study area due to human activities. Cadmium has the highest index of geochemical accumulation in surface
soil samples of Tehran parks. Maximum cadmium levels were observed at stations in the Shahr Park, which
are based on the classification of highly contaminated soils. Based on the results of statistical analysis and
the enrichment coefficient of potential emission sources are identified as follows:

Large amounts of copper, cadmium, lead and zinc enrichment coefficient indicate that human resources are
the main source of these metals. Significant positive correlation and behavioral similarity of nickel and
chromium with the mentioned metals show that nickel and chromium have the same emission sources with
this group. Although these two metals have common sources with other metals, the low coefficients indicate
that nickel and chromium may also have natural resources in relation to the surface soil samples of the
sampling area. (The results of sequential extraction experiments of these metals also showed the existence of
natural resources along with human resources for these metals, also considering that the concentration of
these elements is lower than the average concentration in the earth's crust, the result is quite reasonable).
Examination of the results for the concentrations of cadmium, lead, copper, chromium, nickel, zinc and iron
shows that the main common source of these metals can be due to the combustion of fossil fuels. The main
fossil fuels that are burned every day in Tehran are gasoline and diesel, which are used to generate light, heat
and fuel for cars. Some previous studies have shown that the main source of lead emissions in soil and dust
samples is car fuel additives. The highest concentration of pollutants in this group is related to the surface
soils of the Shahr Park, which is busier than other areas, so the high rate of vehicle traffic is one of the main
sources of emissions of this group of pollutants. The results of the modified pollution index showed that due
to this issue, most of the soil samples in Tehran parks have low pollution and some of them (samples related
to Mellat Park and Shahr Park) have severe pollution. The results of the Ipoll contamination index showed
that the three metals lead, cadmium and zinc had the highest levels of contamination in the sampling areas.
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