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Introduction

In recent years, environmental scientists have focused on microplastic
contamination in soil as a persistent contaminant with serious consequences for
soil ecology and agricultural production, with potentially major effects on soil
ecosystem functioning, microplastics can alter the physical and biochemical
characteristics of soil and aid in the movement of other contaminants within it[1].
The development of plastics is a huge industrial innovation, and as production,
technology has advanced, so too have the benefits of plastics in terms of economy,
efficiency, and substitute capability. There are several types of plastic products
that have become an essential part of our daily lives. Statistics show that 8.3
billion tons of plastic have been produced worldwide in total[2]. But only around
20% of plastic is recycled; the other 80% eventually ends up in the environment,
such as soil, rivers, and the ocean|[3].

Plastics are polymers composed of a variety of synthetic or semi-synthetic organic
compounds, Polyethylene (PE), polypropylene (PP), polystyrene (PS), polyvinyl
chloride (PVC), polyethylene terephthalate (PET), and polyamide (PA) are
among the synthetic or semi-synthetic organic chemicals that make up plastics.
Plastics' low cost, superior flexibility, and durability have made them widely used
in a variety of industries, including industry, agriculture, medicine, and many
more [1]. Numerous agricultural activities, including the use of plastic mulch [4],
the dispersal of sewage sludge [5], and land irrigation [6], contribute to the
accumulation of microplastics in ecosystems. Additionally, when solid waste is

collected, processed, transported, and buried, secondary microplastics are
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discharged. Furthermore, microplastics can move from land to aquatic ecosystems
and vice versa, and wind plays a role in their spread. The usage of agricultural
plastics, including as plastic sheeting, feed bins, and tunnels, is also linked to
secondary microplastic pollution. Additional plastics used in agriculture, such as
nets, containers, and packaging, may contribute to soil microplastic pollution.
Furthermore, plastic compounds in land are more affected by sunlight-induced
disintegration than those in water [7]. This makes them more impactful. Thus, the
purpose of this study is to investigate how plastic granules affect specific soil
characteristics. Plastics widely distributed in agricultural soil can affect the
physical and chemical properties of soil, reduce soil fertility, and even change the

microbial community in soil, affecting soil quality and nutrient cycling.
Materials and methods:
1- Soil preparation:

The soil of Al-Abbasiya village area located in Nineveh Governorate was
selected. Surface soil samples were taken from a depth of (0-30) cm, air dried,

smoothed and passed through a sieve with a diameter of (2 mm) holes.
2- Soil Treatment:

Plastic house experiments were conducted to study the effect of plastic granules
pollution on soil properties. The treatments used in this study included (5) types
of plastic granules with two concentrations for each type (50 and 100 g / 5 kg
soil). The plastic samples specified in the study were taken from agents and
offices selling raw plastic granules from local markets in the Kurdistan Region of

Irag, namely:

Polyethylene Terephthalate (PET), High Density Polyethylene (HDPE), Low
Density Polyethylene (LDPE), Polyvinyl Chloride (PVC), Carbon Polyethylene
(C). In addition to the control treatment, with three replicates for each treatment,

and the addition was made according to the type and concentration of plastic
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granules, each separately according to the treatment, to the soil; as they were
mixed outside the pots and then placed in the pots; to ensure that they were mixed
well, and the experiment was carried out using plastic pots with a diameter of (25)

cm and a height of (20) cm, the capacity of each pot (5) kg of soil.
3- Cultivation and irrigation:

Basil seeds (Ocimum basilicum) were obtained from local markets in Mosul city
and the seeds were planted on 3/10/2024 at a rate of (10) seeds/pot. It was taken
into account that the distances between the seeds were equal for each plant. The
pots were placed randomly under the conditions of the plastic house. The pots
were irrigated with running water. After (10) days of planting, the number of
seedlings was reduced to (5) seedlings in each pot. After (80) days from the date

of planting, the plants were harvested at a rate of (3) replicates for each treatment.
4- Studied characteristics:

The necessary analyses of soil samples were conducted in the laboratories of the
Department of Biology / College of Education for Pure Sciences, and the
laboratories of the Department of Soil Sciences / College of Agriculture and

Forestry / University of Mosul as follows:

The Electrical conductivity (EC) was measured according to the methods
mentioned by [8], the concentration of calcium carbonate according to the method
of [9] and both calcium and nitrogen according to the microkjeldahl method, and
the concentration of phosphorus using a spectrophotometer according to the
method of [10].

5- Statistical analysis:

The experiments were designed and statistically analyzed using the factorial

experiment according to the completely randomized design (C.R.D) in the
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factorial experiments [11], and the significant differences in the treatment rates

were compared using Duncan's New Multiple Range Test.
Results and Discussion:
Nitrogen (N):

These granules were chosen because they represent one of the causes of pollution
in the environment. As illustrated in Figure 1, the nitrogen concentration in the
soil significantly decreased after being treated with five different types of plastic
granules (PET, HDPE, LDPE, PVC, and C) at two concentrations (50 and 100)
gm/5 kg soil for each type. The nitrogen concentrations recorded were (0.0049,
0.0039), (0.0058, 0.0049), (0.0039, 0.0029) and (0.0049 and 0.0019) %,
respectively. When type C was added to the soil at a concentration of 100 gm/ kg
of soil, the lowest value was obtained (0.0019) %, which was lower than the
comparison treatment's (0.0059%) %. However, it was shown that soils treated
with HDPE and LDPE plastic granules had the highest nitrogen concentration in
soil tests, reaching 0.0058 % at a concentration of 50 gm / kg of soil. According
to [12], the drop in nitrogen content can be the result of a higher concentration of
microplastics in the soil, which lowers soil enzyme activity and restricts microbial
nitrogen transformations. Nitrogen deficit is exacerbated by the presence of low-
density polyethylene microplastics [13]. In comparison to nutrients like
potassium, phosphorus, or nitrogen, microplastics are more likely to be absorbed
by mechanical transport. Additionally, the nitrogen cycle and soil microbial
activity may be impacted by the presence of microplastics [12]. Following their
deposition in the soil's surface, microplastics are decomposed by UV radiation
from the sun, as well as by elevated temperatures and oxygen availability [7] and
[14], which affecting on the mineral elements' concentration However, it is
reasonable to assume that altering the soil's structure and function by introducing
microbes will have an impact on the diversity and makeup of the microbial

community, particularly on root zone microbes like nitrogen fixers [15], which in
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turn will alter the concentration of nitrogen. The spread of plastic compounds in
the soil and under the influence of drought-wet cycles and biological changes [16]
may cause changes in its physical and chemical properties, including carbon,

nitrogen, phosphorus and pH content [17].
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PET HDPE LDPE PVC C
control 0.0059 0.0059 0.0059 0.0059 0.0059
50 gm 0.0049 0.0058 0.0058 0.0039 0.0049
100 gm 0.0039 0.0049 0.0049 0.0029 0.0019
The plastic type and concentration

Figure (1) Effect of treatment with different types of plastic and two

concentrations of each type on nitrogen concentration (%) in the soil.

Phosphorus (P):

Figure (2) shows a significant decrease in the concentration of phosphorus in the
soils treated with different plastic granules. It recorded (0.1865, 0.0632), (0.1301,
0.1175), (0.0816, 0.1212), (0.1006, 0.1001) and (0.1248, 0.0906) % when treating
the soil with five types of plastic granules, which are (PET, HDPE, LDPE, PVC
and C) at two concentrations (50 and 100) grams/5 kg of soil for each type,
respectively. The lowest value appeared when treating the soil with PET plastic
granules at a concentration of (100) gm/5 kg of soil, reaching (0.0632) %. The
highest value also appeared when treating with the same type, reaching (0.1865),
but at a concentration of (50) gm/5 kg of soil, compared to the comparison
treatment, which recorded (0.1959) %. Microplastics have been observed to cause
discoloration of plants, possibly due to poor nutrient uptake, with brown spots on

leaves. Brown spots often indicate phosphorus deficiency [18].
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Figure (2) Effect of treatment with different types of plastics and two
concentrations of each type on the concentration of phosphorus (%) in the soil.
In addition, the molecular chain arrangement and functional group of plastics may
affect their ability to absorb other compounds such as heavy metals or antibiotics,
which may have an impact on soil properties and microbial activity, which may
affect mineral concentrations. Studies have also revealed that certain types of
polymers, such as polyethylene, polypropylene, and polyvinyl chloride, may have
different adsorption capacities for certain compounds. For example, polystyrene
had a higher adsorption capacity for polycyclic aromatic hydrocarbons compared
to polyethylene terephthalate, polyvinyl chloride, polyethylene, or polypropylene,
while polyethylene had a higher adsorption capacity for hydrophobic chemicals
such as pesticides and solvents [19]. It affects the concentration of mineral
elements. Another strong influence on the dynamics of the nutrient cycle in the
soil is the presence of plastic materials [20]. They may reduce the soil content of
available phosphorus, alkaline nitrogen, and available potassium [21], leading to

a decrease in the concentration of mineral elements in the soil.

Calcium (Ca):

Figure (3) shows that treating the soil with plastic granules at two concentrations
(50 and 100) gm/5 kg soil for each type and for the following types (PET, HDPE,
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LDPE, PVC and C) led to a decrease in the concentration of calcium in the soil,
which recorded (0.014, 0.012), (0.016, 0.014), (0.014, 0.012), (0.010, 0.008) and
(0.008, 0.008) % respectively. The lowest value appeared when treating the soil
with the PVC type at a concentration of (100) and the C type at a concentration of
(50 and 100) gm/5 kg soil, as it reached (0.008) %, and the decrease here was
significant compared to the comparison treatment, which recorded (0.02) %.

As a result of the impact of microplastics on soil water content, changes in soil
water content may alleviate or exacerbate drought, which is expected to increase
as a result of climate warming over the next few decades [22]. This in turn may
affect mineral concentrations. Changes in soil structure that cause changes in soil
hydrological dynamics caused by plastics of different concentrations, types, sizes
and shapes may lead to unexpected effects [23]. In addition, the impact of
microbial communities due to the presence of plastic materials affects
biochemical transformations that affect the fate of nutrients such as mineralization
or denitrification and the availability of nutrients [24]. In addition, plastic waste
inhibits the growth of microorganisms important for soil activities and thus
reduces soil nutrients, fertility and productivity [25]. According to some
researchers, the impact of microplastics on soil biology is not only caused by the
plastic particles themselves, but also by other materials such as plasticizers,
stabilizers, flame retardants and other materials that can absorb some heavy
metals and organic pollutants that can affect the soil [7], and all of these reasons

can affect the concentration of mineral elements in the soil.
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Figure (3) The effect of treatment with different types of plastic and two

concentrations of each type on the concentration of calcium (%) in the soil.

Calcium carbonate (CaC0:):

Figure (4) illustrate, treating the soil with plastic granules at two concentrations
(50 and 100) gm/5 kg soil for each of the following types (PET, HDPE, LDPE,
PVC and C) led to a significant increase in the concentration of calcium carbonate
in the soil, which recorded (21.5, 27.5), (35, 30), (22.5, 17.5), (27, 28) and (33,
26) %, respectively. The lowest value of calcium carbonate appeared when
treating the soil with the LDPE type at a concentration of (100) grams/5 kg soil,
reaching (17.5) %, and the highest concentration appeared when treating with
HDLE at a concentration of (50) gm/5 kg soil, reaching (35)% compared to the

control treatment, which recorded (0.20)%.
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Figure (4) Effect of treatment with different types of plastic and two
concentrations of each type on the concentration of calcium carbonate (%) in the

soil.

The accumulation of these plastic compounds causes soil deterioration and affects
its properties in the long term, affecting both plants and microorganisms present
in the soil. Microplastics can persist for long periods of time, once in the soil,
interacting with soil particles, microorganisms, and plants in ways that can have
significant impacts on the soil [26]. These effects depend on the type of particles
[24]. In addition, the molecular chain arrangement and functional group of plastics
may influence their ability to adsorb other compounds such as heavy metals or
antibiotics, which may have an impact on soil properties and microbial activity
[19]. [27], illustrate that, changes in the physical and chemical properties of soil,
such as porosity, enzyme activity, microbiological activity, and plant growth, are
affected by microplastics. In addition, microplastics play an important role in the
transport of harmful substances such as organochlorine antibiotics, polycyclic
insecticides, aromatic hydrocarbons, and potentially toxic metals due to their
diffuse nature, large specific surface area, and hydrophobicity. Therefore, all of
these reasons may be the cause of changes in the concentration of calcium

carbonate in soils treated with plastic granules compared to the control treatment.
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Conductivity:

Figure (5) illustrate a significant decrease in the conductivity value, which
recorded (1.326, 0.918), (1.428, 1.122), (1.02, 0.816), (0.918, 0.714) and (0.714,
0.816) milli-Siemens/cm when treating the soil with plastic granules at
concentrations (50 and 100) gm/5 kg soil for each of the following types (PET,
HDPE, LDPE, PVC and C), respectively. The lowest conductivity was when
treating the soil with plastic granules of the PVC type at a concentration of (100)
gm/5 kg soil and treatment with type C at a concentration of (50) gm/5 kg soil for
each of them, and the conductivity reached (0.714) milli-Siemens/cm. While the
highest degree of conductivity was recorded when treating the soil with HDPE
plastic granules at a concentration of (50) gm/5 kg of soil, which recorded (1.428)
% compared to the conductivity value recorded in the comparison treatment,

which reached (1.836) milli-Siemens/cm.

The authors in [19] illustrate that contamination with microplastic particles
changed many physical properties of soil such as a decrease in bulk density when
treated with types (PEHD, PES, PET, PP, and PS) and soil water status when
treated with types (PA, PES, and PS). On the other hand, it was observed that
water evaporation increased with increasing polyethylene contamination [28];
plastic particles also cause impairment of soil structure, water dynamics, and
microbial activities [24]. Microplastics can also absorb and accumulate hazardous
chemicals on their surfaces, which increases their effects [21]. The degree and
duration of the effects of plastic compounds on soil enzyme activities depend on
the type, concentration, size, and shape of these compounds, in addition to the soil
environment and other factors [29]. The presence of additives to plastic
compounds is also a factor affecting many different soil properties [30].
Moreover, pesticides and other toxins present in the soil can accumulate on plastic

debris and leach additives with different effects [31]. All of these reasons may be



L palind] gty S5 e U il DSiadlal] Clpsa ] 100

a reason for affecting the degree of conductivity in soil samples contaminated with

plastic granules.
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100 gm 0.918 1.122 0.816 0.714 0.816
The plastic type and concentration

Figure (5) Effect of treatment with different types of plastic and two

concentrations of each type on the degree of conductivity (mS/cm) in the soil.
Conclusions

It was noted from the current research that treating the soil with plastic granules
of the following types PET, HDPE, LDPE, PVC and C. At two concentrations of
50 and 100 gm/kg soil caused a significant decrease in the concentration of all
nitrogen, phosphorus, calcium and electrical conductivity in the treated soils,
while treatment with these granules caused a significant increase in the
concentration of calcium carbonate in the soils compared to its concentration in

soils not treated with these granules.
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