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: Samples of surface and deep soils were collected in 18 stations according
to the type of soil and distance from landfill Sabzevar. The concentrations of heavy
metals Arsenic, Zinc, Lead, Chromium, Copper, Mercury and Cadmium were
analyzed by ICP-OES. The intensity of soil contamination was assessed using Index
Geoaccumulation Potential ecological risk index.

: The mean concentrations of Arsenic, Zinc, Lead, Chromium and Copper in
surface soil, respectively are, 6.013, 41.04, 6.31, 26.77 and 31.45 mg/kg of Mercury
and Cadmium, respectively, 60.79 and 61.60 pg/kg, respectively. But the mean
concentration of Arsenic, Zinc, Lead, Chromium and Copper in depth soil,
respectively are, 5.75, 38.33, 6.25, 22.68 and 31.04 mg/kg, Mercury and Cadmium,
respectively, 66.57 and 59.98 pg/kg, the value of all proportion to Natural
background values are higher.

: Based on estimates of Igeo and RI indices for heavy metals Arsenic, Keywords: Soil Pollution,
Lead, Zinc, Chromium and Copper in the soil showed no contamination but for Heavy Metals, Landfill
Mercury and Cadmium showed severe contamination.
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Introduction

Population growth and lifestyle changes in most
countries have led to a rapid increase in solid waste.
Therefore, municipal solid waste management is one of
the health and environmental problems in developing
countries such as Iran, which use landfills to dispose of
solid waste because it is cheaper, simpler, more
economical, and has barriers to other methods of waste
management. The technology is lower. But
uncontrolled and improper landfilling of solid waste
causes soil pollution and destruction that can cause
damage to the environment and human health.

Because the production of leachate in engineered
landfills cannot be prevented and leachate has different
types of heavy metals and their concentration varies
according to the type and sources of waste buried in the
landfill. Therefore, landfills are one of the main sources
of increasing the concentration of heavy metals in the
soil.

Since soil pollution is not tangible, it is more
difficult to control soil pollution than air and water
pollution and heavy metals are not biodegradable and
have very high stability, they are toxic, which can
gradually accumulate in the tissues of animals and
plants through the food chain and have destructive
effects on human and animal health. Also in many
cities of Iran such as Sabzevar, open sites are the oldest
and most common method of solid waste disposal and
do not have a leachate collection and treatment system.
This study aimed to measure the concentrations of
heavy metals As, Hg, Pb, Cd, Cr, Cu, and Fe as
reference metals in soils at two different depths of 10
and 30 cm from the soil surface.

Methodology

According to the Sabzevar Waste Management
Organization, in 1398, this city with a population of
more than 245 thousand people, produces an average
of 165 tons of waste per day, which is collected by the
Sabzevar Waste Management Organization and since
1387 in a place called Nakhbar in He is buried about 25
km from Sabzevar city. The landfill site is about 2000
hectares and hospital and municipal waste are dumped
in trenches 110 to 150 meters long and 30 to 37 meters
wide with soil.

Because of the geological structure and slope
direction in the study area and the possibility of

spreading toxic pollutants, sampling points were
determined randomly at distances of 10, 100 meters
from the burial site in 18 sampling stations (A to R).
The location of the sampling points was recorded using
the Geographic Information System (GPS). To avoid
surface traces, as well as organic matter, sampling was
performed at two depths of 10 and 30 cm. These
samples were then mixed and a composite sample was
got. Geological characteristics and background
materials of the samples were taken as the natural
background of the area, which was the same as the soil
samples around the landfill. Soil samples from the
sampling stage, after drying for 48 hours in the open air
of the laboratory, were passed through mesh sieve No.
10 and placed in an oven at 110 ° C for 24 hours.

The total concentration of heavy metals arsenic,
mercury, zingc, lead, cadmium, chromium, copper, and
iron as reference metal using microwave digestion with
nitric acid (ISO 11465: 1993 (E) - Soil quality) with
ICP-OES Agilent (Model 5100) was determined.

In this study, for quantitative evaluation of pollution
intensity and environmental effects of heavy metals
arsenic, mercury, lead, zinc, copper, cadmium, and
chromium in soils around Sabzevar landfill using Index
of geoaccumulation (Igeo) and Ecological risk
potential (Er) was assessed.

Index of geoaccumulation (Igeo): The land
accumulation index (Igeo) introduced by Muller and
can determine soil contamination with heavy metals
and is got according to the following equation:

_Cn_
Iyeo = Loggl.SBn)

Equation 1:

In the above relation, Igeo is the accumulation
index, Cn is the concentration of metal in the sample,
and Bn is the concentration of the desired metal (mean
shale).

The constant coefficient is 1.5 to minimize the
effect of changes in background concentrations, which
are usually because of changes in soil lithology.
According to Table 1, the levels of pollution are
classified into seven levels based on land accumulation
index (Igeo).

Table 1. Values of land accumulation index (Igeo)used in determining soil pollution

Igeo The degree of environmental hazard of each metal
>- Uncontaminated

1-0 Uncontaminated or moderately contaminated

2-1 Moderately contaminated

3-2 Moderately to heavily contaminate

4-3 Heavily contaminated

5-4 heavily extremely contaminated

5< Extremely contaminated

66

April 2022, Volume 29, Issue 1



April 2022, Volume 29, Issue 1

Mohammad Hasan Kowsari et al.

Ecological risk potential (Er): The ecological
risk potential index has been introduced by
Hakanson to assess the potential environmental
hazards of metals in soil and can be determined
from the following relationship:

Cs
ER=ZTI‘X—
Cp

Cs represents the amount of metal
concentration measured in each sample and Cb
shows the amount of heavy metals in unpolluted
soil, Tr is the toxic reaction agent for heavy metals,
Er is the ecological risk potential of each element
and Tr is considered for heavy metals: arsenic,
mercury, lead, zinc, copper, cadmium, and
chromium 10, 40, 5, 1, 5, 30, and 2, respectively.
With the help of the Ecological risk potential (Er),
soils are divided into five groups in terms of
pollution < 40 (Low risk), 40-80 (Moderate risk),
80-160 (Considerable risk), 160-320 (High risk)
and > 320 (Very high risk).

Potential ecological risk index (RI):

RI=ZTr><Er

RI is the ecological risk of all elements. With
the help of the Potential ecological risk index (RI),
soils are divided into four groups in terms of
pollution < 150 (Low potential ecological risk),
150-300 (Moderate potential ecological risk), 300-

Equation 2:

Equation 3:

600 (Considerable potential ecological risk), and
>600 (High potential ecological risk).

Result

Compared the amounts of elements in the earth's
crust and the global average of heavy metals in soils.
Comparison of the amounts of elements in the study
area with their values in the earth's crust and the
global values of these elements in the soil showed
that the average concentration of heavy metals
arsenic, mercury, and cadmium in the soil is higher
than the global average.

Comparing the average total concentration of all
metals in the whole study area with threshold values,
it was observed that the average concentration of all
heavy metals except arsenic in Sabzevar MWL was
less than the threshold values. The average of all
concentrations of heavy metals mentioned was
higher than the natural background values of each
heavy metal in Sabzevar soil, which indicates the
role of soil contamination by human activity of non-
engineered landfills.According to the results of
heavy metal concentrations, increased sampling
depth decreased the concentration of heavy metals
except for mercury.

Figure 1 shows the concentrations of heavy
metals The concentrations of heavy metals mercury,
cadmium, arsenic, lead, copper, zinc, and chromium
at two depths of 10 and 30 cm at two distances of 10
and 100 meters from the landfill. Figure 1 shows the
concentrations of heavy metals The concentrations
of heavy metals mercury, cadmium, arsenic, lead,
copper, zinc, and chromium at two depths of 10 and
30 cm at two distances of 10 and 100 meters from
the landfill.
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Figurel. Relation of heavy metal concentrations of heavy metal concentrations of mercury, cadmium,
arsenic, lead, copper, zinc and chromium with different depths and distances from landfill

According to the results of the present study,
while the mean values of land accumulation index
for heavy metals Arsenic, Lead, Zinc, Chromium,
and Copper in the soil of the study area showed no
pollution, but the average values of Igeo for the two
heavy metals Mercury and Cadmium showed
pollution Estimated very high and shows the effect
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of the number of human activities (landfill) on
changes in the concentration of elements. This result
is consistent with increasing the concentration of
elements relative to the control samples.

The mean values of the ecological potential risk
index for mercury and cadmium were very high, but
for the heavy metals arsenic, lead, zinc, chromium,
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and copper in the soil of the study area showed no
pollution. Despite the low average ecological risk
potential index for heavy metals arsenic, lead, zinc,
chromium, and copper, estimating the average total
ecological risk index for all seven of the above
elements showed a very high risk due to the hospital
waste dumping in trenches. Close to stations E, F,
G, and H, they found that they contained wastes
contaminated with heavy metals mercury and
cadmium.

Conclusion

In recent years, environmental pollution by
heavy metals has increased and the concentrations
of heavy metals in the soil are widely studied
because they are potentially harmful to ecosystems
and human health. The presence of high
concentrations of heavy metals in the soil is because
of both natural and human factors. Soil
contamination with heavy metals because of human
activities, including landfills, is increasing. And
considering that the disposal of waste materials and
waste is one problem of city managers, especially in
the coming years, and the effect that waste can have
on the pollution of groundwater has doubled the
importance of this issue.

The results of regional soil analysis and soil
pollution standards used in this study showed that
the average concentration of heavy metals arsenic,
mercury, cadmium, and copper in soil samples is
higher than the global average. Examination of the
distribution map of the total ecological risk index of
the soils around the Sabzevar landfill revealed that
the highest severity of contamination in the soils
around the Sabzevar landfill was related to sampling
stations close to the landfill of hospital waste.
According to the findings of this study, it can be
concluded that in the soil of Sabzevar landfill, there
is heavy metal contamination caused by municipal
waste.
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Therefore, the soils of the study area need to be
treated under soil quality strategies. Regular
monitoring of toxic metal richness is also essential
to control landfill emissions in the region.
According to the findings of this study, it can be
concluded that there is heavy metal contamination
caused by municipal waste in the soil of the
Sabzevar landfill. This study can be of great
importance in cities with inappropriate practices in
solid waste management to be aware of soil
contamination with heavy metals. Because one of
the important tools to assess the possible presence of
pollutants from improper waste disposal and also to
help waste management and prevent environmental
pollution is to be aware of the concentration of
heavy metals in the soils around the landfill.

Due to time and financial constraints in this
study, researchers in other studies evaluate and
investigate the contamination of heavy metals in
water, plants, animals, and humans because of
landfills. Also, study the human health risks of
heavy metals with other available indicators that can
complement the indicators used in this study and
identify other aspects of heavy metal contamination.
Also, the biological study of landfill effects because
besides chemical effects can help to understand the
effects of the landfill.
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