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ARTICLE INFO ABSTRACT
Received: 16 November 2021 Depending on the nature and characteristics of the heavy metals that
Accepted: 10 January 2022 accumulate on the surface of the soil, separated from vehicle waste
Published: 14 January 2022 around the highway, they migrate downwards in the soil profile. The
course of this process and the properties of heavy metals have been
KEYWORDS studied by many researchers. The migration of heavy metals in the soil
migration, automobile, profile, heavy ~ Profile later leads to the contamination of plants, especially agricultural
metal, soil, waste. crops, with toxic substances. It enters the food chain around the highway,

especially with the more intensive accumulation of lead. It is considered
dangerous for animals when the amount of lead in dry fodder plants is
100 mg/kg. Its amount migrates deep into the soil profile for several
years and remains in the soil for many years without losing its effect.
Until recent years, tetraethyl lead was added to all fuels to increase its
combustibility and increase the deformation pressure, which caused the
release of 200-400 mg of lead into the atmosphere during the combustion
of one liter of gasoline. The study found that the migration of heavy
metals in the soil profile depends on its granulometric composition,
density, thickness of many organic compounds and pH.
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Introduction. In order to study the migration of heavy metals in the soil profile of the areas
around the main zone of the western zone of the Republic of Azerbaijan, 50, 100 and 200 meters of
soil sections were placed. At the same time, 3 soil samples were taken to characterize it in depth. The
amount of heavy metals (copper, zinc, lead, chromium, cobalt and mercury) present in soil samples
was determined by atomic absorption spectrometric method.

The study found that most zinc contamination of the soil is observed in its layers. This
regularity is also confirmed by the scientific results of many researchers [8]. The spread of zinc in the
soil profile occurs more mobile. Zinc spreads more intensively along the profile, especially in moist
soils and as a result of the erosion process. In soils with heavy granulometric composition and soils
with more organic content, its migration along the profile is weakened. It is also important to note that
zinc has a greater effect on microorganisms when migrating along the soil profile. This effect can be
considered more dangerous than copper and cadmium.

In the irrigated gray-brown soils in the study area, the amount of zinc in the middle layer of
20-45 cm 50 meters from the highway is less than in the upper and lower layers, which is due to the
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high inclination and surface flow in that part. Medium-layer zinc migration was weak due to high
surface runoff. In general, in all cases, there is an increase in zinc to a depth of 100 cm, which is
similar to the data of many researchers [2].

Studies of lead migration in the soil profile show that it is significantly different from zinc.
There are many reasons for the downward migration of lead. In particular, the density and compaction
of the soil prevents its migration, and as a result, unlike zinc, lead is more concentrated on the soil
surface. Researchers note that the inability of lead to migrate below the six layers of crops is due to the
very compaction of this layer [9, 2]. In irrigated soils, the amount of lead around the highway can vary
greatly depending on depth and distance. However, in many cases, the amount of lead around the
highway can be 100 times higher than in the background [10]. It has been found that the decrease in
lead to the depth of the soil profile is due to the fact that in many soils it is poor depending on the
conditions of formation and the parent rock.

The change and migration of copper in the soils around the highway varies in size.
Microorganisms play an important role in the spread and migration of copper. Especially in the lands where
grapes are grown, they are observed in very high doses. The main reason for this is the "sky" device used to
protect grapes from diseases and pests. Its use for many years has led to the accumulation of copper in the
soil. This increases the amount of copper in the surrounding lands of the highway.

Table 1. Profile migration of heavy metals in ordinary gray-brown soils (in mg/kg)

Heavy metals Depth, cm Distance from the asphalt pavement of the highway, in m
Zinc 50 100 200
Lead 0-20 17,65 16,44 13,37

20-45 21,36 19,91 15,97
45-90 20,39 19,81 17,21
Mis 0-20 8,36 7,10 5,16
20-45 12,62 7,98 8,87
45-90 3,91 3,15 0,39
Mercury 0-20 58,10 43,51 36,86
20-45 57,87 47,12 37,87
45-90 59,90 80,99 45,12
Chrome 0-20 0,035 0,020 0,014
20-45 0,025 0,015 0,021
45-90 0,035 0,020 0,020
Cobalt 0-20 176,80 261,0 202,9
20-45 207,80 242,0 98,41

45-90 87,65 99,61 -
Heavy metals 0-20 14,17 15,11 13,33
20-45 18,98 15,92 15,97
45-90 14,25 11,91 12,22

In the ordinary gray-brown soils we studied, there is no continuous pattern of copper profile
changes. At a distance of 50 meters from the highway, 58.10 mg/kg was found at the surface,
57.87 mg/kg at 20-45cm and 59.90 mg/kg at the 45-90 cm layer (Table 2). At a distance of
100 meters, while the top layer was 43.51 mg/kg, the amount in the subsoil was 47.12 mg/kg, and
increased by 45-90 cm to 80.99 mg/kg. At a distance of 200 meters, it generally decreased, and
increased from the top to the bottom.

The results of laboratory analyzes obtained on dark gray-brown soils are not significantly
different from the previous field (Table 2). In this soil, the amount of copper in the top layer of the
section at a distance of 50 meters is 57.00 mg/kg, and in the bottom layer of 52.74 and 45-95 cm layer
is relatively reduced to 47.96 mg/kg. At a distance of 100 meters, its volume increased to a depth.
Similar results were obtained at a distance of 200 meters.
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Table 2. Profile migration of heavy metals in dark gray-brown soils (in mg/kg)

Heavy metals Depth, cm Distance from the asphalt pavement of the highway, in m
50 100 200
Zinc 0-20 21,78 21,58 20,48
20-45 22,69 22,69 22,00
45-90 21,67 20,73 10,14
Lead 0-20 20,16 16,17 18,82
20-45 17,78 11,82 7,91
45-90 10,06 16,64 8,02
Mis 0-20 53,00 47,11 42,78
20-45 52,74 50,42 50,89
45-90 47,96 52,75 52,31
Mercury 0-20 0,050 0,040 0,040
20-45 0,040 0,045 0,045
45-90 0,040 0,030 0,045
Chrome 0-20 225,80 104,00 96,75
20-45 131,80 1116 90,87
45-90 97,30 98,74 73,85
Cobalt 0-20 8,88 10,17 8,95
20-45 14,24 12,18 12,48
45-90 13.92 11,98 3.18

Many specific changes in copper content are observed in irrigated gray-brown soils (Table 3).
It was found to be 58.10 mg/kg in the upper layer at 50 meters, 50.30 mg/kg in the middle layer and
26.75 mg/kg in the lower layer. At a distance of 100 meters, it was 43.51 mg/kg in the upper layer,
57.87 mg/kg in the subsoil and 25.51 mg/kg in the lower layer. In the section laid at a distance of 200
meters, it was determined that it was less in the upper subsoil.

Mercury is a heavy metal that is more prevalent in the soil and has a severe effect on
cultivated crops. Mass poisoning occurs when its metallic mercury compounds enter food. One of the
main features of mercury is that it accumulates in the upper part of the soil. Mercury can accumulate
more in the upper humus-accumulative layer, which has a clayey granulometric composition [10]. Its
migration to the lower layers is not felt in the soil profile. In soils with slightly granulometric acidity
and relatively weak humus, its migration is relatively accelerated.

In ordinary gray-brown soils, the amount of mercury in the top layer of 0-20 cm of the section dug
50 meters from the asphalt cover was 0.030 mg/kg, 0.020 mg/kg at 20-45 cm and 0.030 mg/kg at 45-
90 cm. At a distance of 100 meters, its amount was the same in the upper and lower layers. According to
the results of laboratory tests at 200 meters, no significant difference in profile was obtained.

The amount and distribution of mercury in the dark gray-brown soils around the Ganja-Gazakh
highway is similar to that in ordinary gray-brown soils. For example, at a distance of 50 meters after the
asphalt pavement, its amount was 0.050 mg/kg at 0-20 cm along the profile, and 0.040 mg/kg at 20-45
and 45-90 cm. It was determined that 0.040 mg/kg at a depth of 0-20 cm, 0.045 mg/kg at 20-45 and
0.030 mg/kg at 45-90 cm in the soil excavated at a distance of 100 meters. At 200 meters, it was
0.040 mg/kg in the top 0-20 cm layer, and then 0.045 mg/kg until the end.

As mentioned earlier, the distribution of mercury along the profile of the gray-brown soils
irrigated around the highway does not differ significantly from the soils shown earlier (Table 3).

Chromium has a special distribution pattern in the soil profile of heavy metals, which pollute
the atmosphere and soil by road transport. According to researchers, the amount of chromium in the
soil can be affected by the parent rock, which forms more soil.

Emissions from car engines and during their operation cause chromium contamination of the soil.

Tables 1, 2 and 3 show that the distribution of chromium in the study soils is different. Depth
of chromium in ordinary gray-brown soils is 225.80 mg/kg in 0-20 cm at 50 meters, 131.80 mg/kg in
20-45 cm in the subsoil and 97.30 mg/kg at 45-90 cm. kg. At 100 meters, it was 104.00, 111.6 and
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98.74 mg/kg, respectively. At 200 meters, all indicators decreased. At 200 meters, it decreased to
96.75 mg/kg in the upper layer, 90.87 mg/kg in the subsoil, and 73.85 mg/kg in 45-90 cm.

Table 3. Profile migration of heavy metals in irrigated gray-brown soils (in mg/kg)

Heavy metals Distance from the asphalt pavement of the highway, in m
Depth, cm
Zinc 50 100 200
Lead 0-20 17,65 16,44 13,37
20-45 15,90 21,36 19,26
45-90 17,20 19,26 -
. 8,36 7,98 5,16
Mis 0-20 12,62 7,10 7,98
20-45 9,40 11,97 -
45-90 : ’
58,10 43,51 36,85
Mercury 206_2405 50,30 57,87 47,12
45-90 26,75 25,51 25,51
Chrome 0-20 0,040 0,013 0,035
20-45 0,020 0,043 0,043
45-90 0,030 0,045 0,045
Cobalt 0-20 261,00 176,80 261,00
20-45 207,80 242,00 262,00
45-90 202,90 87,65 -
Heavy metals 0-20 14,17 15,11 13,33
20-45 18,97 15,49 15,08
45-90 15,31 15,08 -

The distribution and migration of cobalt in the soil profile differs significantly from the
aforementioned heavy metals. Cobalt, like chromium, can enter the soil as a polluting metal from a
variety of sources. But it is also important to note that road waste plays a big role in it.

In normal gray-brown soils, the change in profile of cobalt was 50 meters from the asphalt bed,
14.17 mg/kg in the upper layer, 18.98 mg/kg in the middle transition layer, and 14.25 mg/kg in the lower
45-90 cm. In the 100-meter section, it was 15.11 mg/kg at the top, 15.92 mg/kg in the middle layer and
11.91 mg/kg in the bottom layer. At 200 meters, it was 13.33 mg/kg in the upper layer, 15.97 mg/kg in
the middle layer and 12.22 mg/kg in the lower layer. Here we can determine the regularity that the
amount of cobalt increases from the top layer to the middle layer, and decreases again in the top layer.

A similar pattern is observed in dark gray-brown soils (Tables 1, 2, 3).

Conclusions. As a result of the research, it was determined that the migration of mercury in
the soil profile in the surrounding lands of the Ganja-Gazakh highway is almost non-existent. The
change and migration of copper in the soils around the highway varies in size. The study found that
most zinc contamination of the soil is observed in its deeper layers. There are many reasons for the
downward migration of lead. In particular, the density and compaction of the soil prevents its
migration, and as a result, unlike zinc, lead is more concentrated on the soil surface. The amount of
cobalt increases from the top layer to the middle layer, and decreases again in the top layer. The entry
of cobalt into the soil as a polluting metal can come from a variety of sources. But motor vehicle waste
plays a big role in it.

The study found that the distribution of chromium in soils varies. Chromium was mainly
observed in the upper layers of the soil in these soils. This is the waste generated by car engines and
during its operation, which causes chromium contamination of the soil.
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