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Abstract

The contamination of soil caused by the degradation of
plastics introduced through disposal has been increasing
globally and exposure to microplastic triggers a wide variety
of toxic chemicals which affect disrupts reproductive
performance, metabolism, and changes liver physiology.
This study was carried out to examine the effect of Sodium
hydrogen bicarbonate treatment on microplastic-polluted
soil. The soil samples were collected from three sites in
Wukari, Taraba State (Kwararafa University Wukari). 4
treatments were set up and consisted of the control, polluted
and unpolluted soil treated with NaHCO3 grouped into three
different samples. The microplastic level in the soils was
determined using HPLC technique (model 5020A) and the
obtained results showed that eight microplastics were
present in all the soil samples. Polyamide, polystyrene,
polypropylene, polyethylene, ethylene glycol, terephthalic

from 479.94 to 1241.78 ng/kg, 331.45 to 857.78 pg/ke,
222.83 to 576.54 pg/kg, 721.18 to 1865.96 ng/kg, 257.49 to
666.23 pg/kg, 124.675 to 322.56 pg/kg, 64.22 to 122.52
pg/kg and 17141 to 327.02 pg/kg, respectively.
Polyethylene was identified as the most abundant type of
microplastic and acrylic acid was the least abundant
microplastic in the soil samples across all groups. The
highest total detectable microplastics were observed in the
untreated unpolluted soil samples (5943.12 pg/kg) and the
least was recorded in the NaHCO; treated microplastic
polluted soil samples (2373.20 pg/kg). From the findings,
the study concluded that NaHCOs3 treatment is effective in
reducing microplastic contamination in soil samples and
recommended that effective waste management strategies
should be implemented to reduce the accumulation and
degradation of plastic litter into microplastic.

acid, acrylic acid and polyester in the soil samples ranged
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Introduction

Microplastics in the environment have raised public attention in recent years due to their slow degradation and potential risks
to the ecosystems (Wu et al., 2019) B¢, Developing nations discard a significant volume of plastic waste, contributing
extensively to the pollution of rivers and ultimately, the ocean, primarily through runoffs (Geyer et al., 2017) "2, Presently,
plastic, including micro and nanoplastics, constitutes approximately 80% of marine debris (Hernandez et al., 2017; Malakar
and Snow, 2020) ['> 2], Globally, the production of plastic products amounts to 6300 million tons, with more than 75% ending
up in landfills and various ecological environments (Sheldon and Norton, 2020; Wojnowska-Baryla et al., 2022 *%); Sharma et
al., 2023 B30). In 2017, global plastic production totaled 368 million tons, with China leading at 114 million tons, followed by
Europe at 59 million tons. Projections suggest a twofold increase in production by 2040 (Geyer et al., 2017; Brooks, 2021) [1>
41, Microplastic particles can infiltrate the food chain and be consumed by humans, posing potential health risks (Blair et al.,
2017; Hernandez et al., 2017; Malakar and Snow, 2020) [3 15 23],

Microplastic are small plastic particles that measure less than 5 millimeters in size (Mai et al. 2018) 24 and are categorized
into primary and secondary microplastic based on their sources (Malankowska et al., 2021) 261, Common sources of primary
microplastic include cosmetics and personal care products, medical and health-related products and industrial abrasives
(Landeros et al., 2022) %, Secondary microplastic originates from various sources, including plastic waste, synthetic textiles
and rubber products (Acharya et al., 2021) P1. Polyethylene, polypropylene, polystyrene, polyvinylchloride, and polyethylene
terephthalate are the most frequently detected compositions of Microplastic in the environment (He et al., 2018) [13],
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Microplastic can enter agroecosystems through a variety of
pathways, including fertilizer spraying, wastewater
irrigation, compost addition, and biological compost
application, and with the plastic film having the greatest
impact (Zou et al., 2022) . In general, the degradation
cycle of microplastic in the soil is very long, and it usually
takes hundreds or even thousands of years to fully
mineralize (Zhou et al., 2021) B%). Once microplastic enters
the soil, it can directly or indirectly affect ecosystem
function and plant-soil health (Zhou et al., 2021) B
Microplastic can alter the physical and chemical properties
of soil, in turn; it has different effects on microbial functions
as well as plant growth indexes (Lozano et al., 2021) 221 It
was found that the addition of microplastic led to the change
of soil physical parameters which affected hydrodynamics
and microbial activity (de Souza Machado et al., 2019) P,
Li et al. (2021) 21 found that microplastic reduced the
adsorption capacity of soil to metals and improved the
exchangeable fractionation and bioavailability of metals in
soil.

Sodium hydrogen bicarbonate (NaHCO;3) is a common
household item and has gained attention as a potential
solution for mitigating microplastic pollution in soil (Zhang
et al., 2021) B8 Its alkaline nature and mild abrasive
properties make it a suitable weak base for physically and
chemically breaking down microplastic in soil (Das et al.,
2021) Bl Sodium hydrogen bicarbonate has been recognized
for its various applications in agriculture, remediation, and
environmental science. When applied to soil contaminated
with microplastic, Sodium hydrogen bicarbonate treatment
can potentially influence the soil ecosystem (Zhou et al.,
2020) 21, Microplastic pollution alters soil pH due to the
materials released or interactions with other substances
(Zhao et al., 2021) B7. Sodium hydrogen bicarbonate can
act as a buffering agent, helping to regulate soil pH (Lacroix
etal., 2014) 191,

Spectroscopic and chromatographic techniques are essential
to assess changes in soil properties and microplastic
degradation (Huang et al., 2021) ['7]. The effect of Sodium
hydrogen bicarbonate treatment on microplastic-polluted
soil is dependent on different concentrations, application
methods, and durations of treatment (Chand et al., 2022) B,
Studies on the direct impact of microplastic degradation on
soil needs further exploration as Sodium hydrogen
bicarbonate might facilitate physical or chemical processes
that aid in reducing the size or altering the properties of
microplastic, potentially influencing their environmental
fate (Abdolahpur et al., 2023) . This research therefore
examined the direct impact of Sodium hydrogen bicarbonate
on the degradation or breakdown of microplastic present in
the soil and the findings will reveal whether Sodium
Hydrogen  bicarbonate  treatment  influenced  the
fragmentation, degradation rates, or bioavailability of
microplastic.

Materials and Methods

Study Area

The study area is Wukari Local Government Area which is a
famous city located formerly in Gongola State of Nigeria
(Figure 1) Wukari is located at latitude 7°51 N and longitude
9°47 E from November 2023 to April 2024. Wukari lies
between Taraba State and Benue State and it is an
agricultural center. It is bounded in the south by Benue state,
north by Gassol LGA, east by Donga LGA and west by Ibi
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LGA. Wukari Local Government Area covers an area of
4,308 km? and with a population of about 241,546 at the
2006 census, a traditional state rich with various cultures,
norms and value. Fishing, farming and trading are the major
occupation of the people (Otitoju and Lewis, 2021) 28],
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Fig 1: Map of Taraba state showing Wukari Local Government
Area

Sample Collection

Soil samples were obtained from a landfill situated 500
meters away from Kwararafa University Wukari, Wukari,
and Taraba State. On 19", February 2024. The specimens
were gathered using a stainless steel hand trowel, reaching a
depth of 0 to 10 centimeters, and placed into a brown
envelope equipped with a sieve. Soil samples from each
sub-site were combined and thoroughly mixed to ensure
uniformity and representativeness of the sample.

Sample Preparation

Collected soil samples were air dried then sieved using mesh
size of 8 mm to help improve the accuracy, reliability, and
consistency of microplastic analysis while minimizing
sample contamination and ensuring compatibility with
established protocols (Hikon et al., 2021) 161, 2.5 g of the
soil samples were measured into a container.

Sample Treatment

A total of 4 treatments were set up in the experiment and
consisted of the control or blank group, polluted and
unpolluted soil treated with NaHCO; were treated into three
different samples. 5 mL of 27% NaCl solution was added
into the container which was stirred for 10 min centrifuged
at 3450 rpm for 30min, 1mL of 35% H»0,, 0.1 mL of 10%
FeSO4 and 3 mL of NaHCO3 were added into the sample
which were allowed to settled for 24 hrs., 8.2 mL of
deionized water was added to the sample agitated for 20 min
using sunflower mini-shaker PS-3D the samples were
furthered centrifuged for 20 min at 2300 rpm which the
supernatant were filtered with 0.45 micrometer membrane
filter. The samples were then being kept in the laboratory for
10 days prior to further analysis.

Extraction
2.0 g of sample each was weighed into a 250 ml beaker and
swirled properly. Also 40 ml of aqueous 0.05 M of Fe (ii)
solution was added. The above was followed by the addition
of 40 ml of 35% hydrogen peroxide (H»O,) (Hikon ef al.,
2021) U6, All were mixed properly for 5 mins at room
temperature. A stir bar was added to the beaker containing
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the sample and heated on a hot plate at 75°C, with watch
glass cover on it. At the point gas bubbles were observed.
The beaker were removed from the hot plate and placed in
fumehood until the boiling subsided. The mixtures were
allowed to cool down and filter through whatman No.4 filter
paper into a 200 ml volumetric flask each. The filtrate was
subjected into centrifugation using a centrifuge machine at
5000 RPM (revolution per a minute). The extract or
supernatants were transferred into a set of 50 ml centrifuge
tubes and stored in the fridge for the analysis of detectable

microplastic with High performance Liquid
Chromatography (HPLC).
Data Analysis

The Special Package for Social Sciences (SPSS) was used to
check for significant levels of all parameters measured. The
level of significance were analyzed using Analysis of
Variance and means comparison was at p<0.05. The
concentrations of microplastic in all samples were expressed

in pg\kg.

Results and Discussion

Microplastic Levels in NaHCO3; Treated Microplastic-
Polluted and Unpolluted Soil Samples

The table below showed that a total of 8 microplastics were
found in all the soil samples analyzed. Presented in the table
below, Group 1 represents untreated microplastic-polluted
soil samples, Group 2 represents untreated unpolluted soil
samples, Group 3 represents NaHCO; treated microplastic-
polluted soil samples and Group 4 represents NaHCOj;
treated unpolluted soil samples.

The following microplastics were found present in all the
assayed  soil  samples:  Polyamide,  Polystyrene,
Polypropylene, Polyethylene, Ethylene glycol, Terephthalic
acid, Acrylic acid and Polyester. The result showed that
Group 2 had the highest total detectable microplastic
(5943.12+£203.24) compared to other groups followed by
Group 1 with value 5191.01£399.14, and then Group 4
which has 3323.29+1457.78. However, Group 3 had the
lowest total detectable microplastic (2373.20+314.83)
compared to other groups. Notwithstanding, Group 1
showed higher total detectable microplastic compared to
Group 3.

The result also revealed polyethylene to be the most
abundant microplastic present in all the assayed soil samples
whereas the least microplastic present in all assayed soil
samples was Acrylic acid which had different values in the
various as Group 1 (122.52+40.10), Group 2 (112.42+3.48),
Group 4 (104.52+56.13) and Group 4 (64.22+28.73)
respectively.

Polyester level was also revealed to be highest in Group 1
(327.02+107.03), followed by Group 2 (300.06+9.29) in the
soil samples.
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Fig 2: Microplastic levels in NaHCOj3 treated microplastic-polluted
and unpolluted

The result from the study showed that eight types of
microplastic were present in all the soil samples. They
include polyamide, polystyrene, polypropylene,
polyethylene, ethylene glycol, terephthalic acid, acrylic acid,
and polyester. This shows that the soil was contaminated by
a wide range of synthetic polymers contaminating the soil
environment. Polyamide, polystyrene, polypropylene,
polyethylene, ethylene glycol, terephthalic acid, acrylic acid
and polyester in the soil samples ranged from 479.94 to
1241.78 pg/kg, 331.45 to 857.78 pg/kg, 222.83 to 576.54
ng/kg, 721.18 to 1865.96 ng/kg, 257.49 to 666.23 ng/ke,
124.675 to 322.56 pg/kg, 64.22 to 122.52 pg/kg and 171.41
to 327.02 pg/kg, respectively.

The untreated unpolluted soil samples had the highest
polyamide, polystyrene, polypropylene, polyethylene,
ethylene glycol and terephthalic acid levels and were
significantly (p<0.05) different with other soil samples.
However, the untreated microplastic-polluted soil samples
had the highest acrylic acid and polyester levels and were
significantly (p<0.05) different with other soil samples. The
lowest polyamide, polystyrene, polypropylene,
polyethylene, ethylene glycol, terephthalic acid, acrylic acid
and polyester levels were observed in the NaHCO; treated
microplastic-polluted soil samples.

Polyethylene was identified as the most abundant type of
microplastic in the soil samples across all groups. This
finding was consistent with the findings of Scheurer and
Bigalke (2018) B! who reported that polyethylene was the
most abundant (88%) among the Microplastic identified in
Swiss floodplain soils. Another study by Zhou ef al. (2019)
411 also observed highest abundance of polyethylene
(36.1%) among Microplastic identified in suburban soil of
central China. The high polyethylene observed in this study
suggests that polyethylene pollution is prevalent in the soil
environment, regardless of the specific group or conditions.
Polyethylene particles could easily be migrated and
transferred in the soil due to the lighter density (Machado et
al., 2018) 1. The high proportion of polyethylene could
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also be related to greater plastic film mulching and sewage
sludge application (Zhou et al., 2018) [ Polyethylene
microplastic can accumulate in soil, potentially altering its
physical properties. High concentrations of polyethylene
may reduce soil porosity and water infiltration rates, leading
to decreased soil aeration and water retention capacity (Qi et
al., 2020) 2,

Acrylic acid was the least abundant microplastic in all soil
samples, with relatively low levels across all groups. This
indicates that acrylic acid microplastic is less abundant in
soil samples and may have a reduced environmental impact
compared to more prevalent microplastic types.

The total detectable Microplastic ranged from 2373.20 to
5943.12 pg/kg and was highest in the untreated unpolluted
soil samples (5943.12 png/kg). The total detectable
Microplastic of the soil samples were significantly (p<0.05)
different with other soil samples. The lowest total detectable
Microplastic were observed in the NaHCOj; treated
microplastic-polluted soil samples (2373.20 pg/kg).
Crossman et al. (2020) 1 used ATR-FTIR to identify
Microplastic in agricultural soils and reported a MP
abundance of 18-541 n/kg and 25-298 n/kg with and without
biosolid amendment, respectively, in Ontario, Canada. He et
al. (2019) U4 reported the presence of microplastic in the
leachate from both active and closed landfills, with an
abundance between 0.42 and 24.58 particles/L from four
cities in southern China and also revealed that the mean
concentration of Microplastic in leachate and refuse were
8+3 and 62+23 particles/g, respectively in megacity
Shanghai.

A study by Chen et al. (2020) © identified an average
abundance of Microplastic at 320-12560 n/kg in farmland
soils in Wuhan, China using Raman spectroscopy and
concluded that PA (33%) and PP (29%) were the dominant
polymer types. Wang et al. (2017) B4  detected
polycarbonate (PC) and PET Microplastic in landfill sludge,
marine sediments and indoor dusts through coupled LC-MS
with mass spectroscopy (MS). They observed recovery rate
of 87.2% to 97.1%. In a study conducted by Eo ef al. (2019)
(1N it was observed that the sediment samples from
Nakdong River, South Korea contained 22 polymer types
with varying MP levels which are 24.8% PP, 24.5% PE,
5.5% PES, 54% PVC, 53% PS, 4.6% acrylic, 4.5%
polydimethylsiloxane, 3.9% PU, 3.7% poly(acrylate-
styrene), and 3.6% poly(lauryl acrylate).

The higher total detectable Microplastic observed in the
untreated unpolluted soil samples indicates that the soils in
the study area were highly contaminated with microplastic.
The microplastic observed in this study may result from
agricultural activities, domestic sewage and agricultural
runoff which carry microplastic from household products
and farming activities into the soil (Kumar et al., 2020;
Schell et al., 2022) % 30 The use of fertilizers and
pesticides in the area contributes to the microplastic load in
the soils since they contain plastic-based components or
additives. Poor waste management practices exacerbate the
issue, as plastic litter accumulates in rural environments and
undergoes degradation into microplastic particles (Dey et
al., 2024) 19 Microplastic pollution at low levels pose
ecological and environmental concerns as wildlife and
livestock may ingest microplastic, leading to potential
bioaccumulation and transfer through the food chain (Huang
etal., 2021) U7,
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Conclusion
The study confirms the presence of eight different types of
microplastics (polyamide, polystyrene, polypropylene,

polyethylene, ethylene glycol, terephthalic acid, acrylic acid,
and polyester) in all analyzed soil samples. The untreated
unpolluted soil samples exhibited the highest total detectable
microplastics, followed by the untreated microplastic-
polluted soil samples, NaHCO3 treated unpolluted soil
samples. The NaHCO3 treated microplastic-polluted soil
samples had the lowest total detectable microplastics.
Polyethylene being the most abundant microplastic type
across all soil samples, may have significant implications for
soil health and ecosystem functioning. From the findings of
this research, it can be concluded that NaHCO3 treatment is
effective in reducing microplastic contamination in soil
samples.
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