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Abstract: Microplastic pollution in agricultural soil threatens soil quality and human health which
has attracted extensive attention worldwide. However, there is no uniform standard for microplastic
extraction methods and the identification of microplastic component in different typical agricultural
soils. In this study, an artificial simulation adding experiment was used in eight typical agricultural
soil samples in China. The aim of the study was to use different methods for extraction, comparing
the extraction rates of four microplastics and their influence on polymer identification using ATR-
FTIR. The two separate methods were oil extraction (water + oil and saturated NaCl solution + oil),
and density method (saturated NaCl solution). The four types of microplastics include polyethylene
terephthalate (PET), polypropylene (PP), polystyrene (PS), and polyethylene (PE). We found that the
oil extraction method effectively extracted four types of microplastics in agricultural soils, which
varied from 83.33% to 100.00%. However, the extraction rate of PET under the oil extraction method
and PP under the density method from Southern laterite area was lower than other soils. The presence
of iron and aluminum ions influenced the extraction rates of microplastics in the Southwest laterite
area. With the increase in microplastic density, the extraction rates of the density method decrease.
The oil extraction methods with the cleaning of residual oil were recommended for the higher density
microplastics. The density method was recommended for the lighter microplastics in agricultural
soils. However, these two extraction methods were not ideal to extract the microplastics from the
Southern laterite area and the appropriate extraction methods for laterite need to be further studied
in the future. Our results can provide technical support for the extraction treatment and scientific
microplastic pollution control of typical agricultural soils with different erosion areas.

Keywords: agricultural soil; microplastics; extraction rates; oil extraction and density extraction method

1. Introduction

Plastic has become an integral component of human life owing to its excellent prop-
erties [1–4]. However, the increasing demand and production of plastic products, uncon-
scionable handling methods and management have led to the persistent increase in plastic
garbage. Plastic that remains in the environment breaks into microplastics (a size less than
5 mm) through physical, chemical, and biological processes [5–7]. At present, the research
on microplastics mainly focuses on their occurrence and distribution in water environments,
but there is a lack of extraction methods for microplastics from different agricultural soils.

Agricultural soil was theoretically considered as the primary repository for various
pollutants, including microplastics [8]. Microplastics enter the agricultural soil environment
mainly through the degradation of plastic film, sewage irrigation, atmospheric deposition,
and the friction between tires and the ground which can enter the soil under the action
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of wind [9,10]. The microplastics in the soil environment can be divided into two parts
according to the migration process: horizontal and vertical migration (Figure 1) [11,12]. Mi-
croplastic accumulation obviously influences soil physicochemical properties, soil fertility,
enzyme activities, and microbial diversity, thereby threatening agricultural soil ecologi-
cal functions and global food production [1,11,13,14]. In addition, microplastics can also
adsorb other contaminants, such as heavy metals [15], pesticides [16] and antibiotics [17],
which make them remarkably hazardous to organisms [18]. Therefore, accurate and correct
extraction and detection methods of microplastics play an important role in the assessment,
control and prevention of microplastic pollution in agricultural soil systems.
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There are many methods, which include screening and filtering, visual sorting, chem-
ical digestion and hyperspectral imaging, to detect microplastics in soil [19]. Each mi-
croplastic method has its principles, application scopes and shortcomings. The screening
and filtering is mainly used for the initial processing. The visual sorting method, which
can be used to analyze microplastic in various environmental media, always classifies the
microplastic size and morphological structure through naked eye observation or optical
microscopy. Accidental human factors during operation may lead to errors in analysis
results [20]. The density extraction method was the most commonly used method for the
separation of microplastics from soil, which mainly uses the density difference between
microplastics and soil to float microplastics in the supernatant [21]. The commonly used
solutes are CaCl2, NaI, ZnCl2 and NaCl, but CaCl2, NaI and ZnCl2 are expensive, costly
and heavily polluting to the environment [22]. On the contrary, the saturated NaCl solution
is inexpensive, easily available, and environmentally friendly [23]. Based on the advantages
of saturated NaCl, it is widely used in the extraction of microplastics from different urban
soils. For example, the average microplastic abundance from farmland soils in Qinghai
province and Wuhan city was 2795.7 and 1.6 × 105 items kg−1, respectively [22,24]. Conse-
quently, the total recovery of microplastics was up to 96.1% ± 7.4 by using a filtered canola
oil extraction solution [25]. However, the residual oil on the microplastic surface affects the
component identification of microplastics. Therefore, selecting a suitable method to extract
microplastics from agricultural soil can provide a basis for subsequent research.

The extraction methods of microplastics always include sampling, pre-treatment,
flotation, filtration and digestion. The qualitative and quantitative analysis of microplas-
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tics is mainly performed through the following methods: visual [26], scanning elec-
tron microscopy (SEM) [27], transmission electron microscopy (TEM) [28], Pyrolysis Gas
Chromatography-Mass Spectrometry (Py-GC/MS) [29], Fourier Transform infrared
(FTIR) [30] and Raman spectroscopy (RM) [31]. The visual method is simple, quick and
economical, but it is only applicable to the larger plastics. Even with the help of a micro-
scope, it is impossible to observe microplastics smaller than 100 µm, and this causes the
high error rate for the identification of microplastic polymer types [32]. SEM is commonly
used to research the aging of microplastics, and TEM is only used to study the combina-
tion of microplastics and plants [20]. The Py-GC/MS can determine the polymer types
of microplastics according to the results of thermal decomposition. But it will destroy
the structure of microplastics and the quantitative analysis of microplastics cannot be
achieved [33]. The RM and FTIR methods do not cause damage to the sample and can
obtain detailed information about microplastics characteristics [34]. The RM method is
more suitable for detecting microplastics of a smaller size, with the capability of identifying
microplastics as small as 1 µm [35]. But it can be interfered with by fluorescent material,
including the oil treatment residual oil on the surface of microplastics [36]. The FTIR spectra
seem very suitable to predict various indices due to the distinctive signatures of microplas-
tic components in the mid-infrared region, in which different molecular functional groups
can be easily recognized through spectral libraries [37]. In addition, FTIR spectra have the
advantages of high sensitivity, simple operation and a slightly lower price. In this study,
the microplastics were extracted using the oil separation and density separation methods.
The effects of the extraction methods on microplastic polymers were detected using FTIR.

In recent years, microplastics have been a research hotspot in environment science,
and many studies have been conducted to practice the extraction and identification of mi-
croplastics [38]. However, few studies have examined the microplastic suitability of unified
detection standards for microplastics in different agricultural soil types in China [39]. There-
fore, an artificially simulated microplastics experiment, which was more easily controlled
and plainly observed, was needed to study the appropriate extraction and identification
method. The soil samples, which were collected from eight agricultural soil types as defined
by the regionalization of soil and water conservation of China, were selected as test objects.
Three treatments, including cyri rapeseed oil extraction (water + oil and saturated NaCl
solution + oil) and the density separation method (saturated NaCl solution), were used
in the study. The study evaluated the influence of different methods on the separation
efficiency and component property identification of different microplastic types with var-
ious densities. The objective of this study was to summarize the suitable microplastic
detection methods in different agricultural soils in China. The findings will provide sup-
port and a valuable reference for the control and prevention of microplastic pollution in
agricultural soil.

2. Materials and Methods
2.1. Soil Sample

Adequately considering the similarity and interval difference in soil erosion, the re-
gionalization of soil and water conservation of China can be divided into eight regions,
i.e., Northeast black soil area (the I region), Northern windy and sandy area (the II re-
gion), Northern mountain and hilly area (the III region), Northwest loess plateau (the IV
region), Southern laterite area (the V region), Southwest purple soil area (the VI region),
Southwest karst area (the VII region), and the Qinghai–Tibet plateau (the VIII region). Soil
samples were collected from 8 provinces (Figure 2). In each agricultural soil, three subplots
(10 × 10 m), which were at least 10 m apart from each other, were set up as replications
for soil sampling. In each sub-sampling site, five topsoil samples (0–20 cm) were collected
with a shovel and mixed evenly to form a composite sample which was approximately
3 kg. The soil samples were carefully packed into aluminum boxes for laboratory analysis.
In addition, handheld GPS was used for the positioning and recording of the situation near
the sampling point. The physical and chemical properties of the soil reflect the health of
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the soil; these characteristics are shown in Table 1, in order to understand the differences in
soil nutrients in different regions and the impact of microplastics. Soil types, main crops,
and area of the regionalization of soil and water conservation of China are derived from
the “Zoning of soil and water conservation in China”.

Agronomy 2024, 14, x FOR PEER REVIEW  4  of  15 
 

 

10 m), which were at least 10 m apart from each other, were set up as replications for soil 

sampling. In each sub-sampling site, five topsoil samples (0–20 cm) were collected with a 

shovel and mixed evenly to form a composite sample which was approximately 3 kg. The 

soil samples were carefully packed into aluminum boxes for laboratory analysis. In addi-

tion, handheld GPS was used for the positioning and recording of the situation near the 

sampling point. The physical and chemical properties of the soil reflect the health of the 

soil; these characteristics are shown in Table 1, in order to understand the differences in 

soil nutrients in different regions and the impact of microplastics. Soil types, main crops, 

and area of the regionalization of soil and water conservation of China are derived from 

the “Zoning of soil and water conservation in China”. 

The I region is located in the northeast of China with black topsoil as the dominant 

ground composition. The area has a typical cold temperate continental monsoon climate, 

which  is contributes to the higher organic matter content [39]. Water and wind erosion 

area account for 138,200 and 77,800 km2, respectively. The II region is crisscrossed by wind 

and water erosion. The soil type is characterized by weathered sandstone and desert sand 

with coarser particles [40]. 

The III region is located in the central and eastern part of China, with brown soil as 

the dominant ground component. Soil erosion is mainly water erosion. Soil nutrient con-

tent, such as available phosphorus ammonium nitrogen and nitrate nitrogen,  is higher 

than other areas. The IV region is mostly covered by loess soil with a fine texture and is 

rich in goethite [39]. Loess is barren and has a strong erodibility, which is contributes to 

the soil erosion. 

The soil type of the V region is mainly laterite. Laterite is formed in a long-term hu-

mid and warm climate. The parent materials are quaternary red clay [41]. The soil is po-

tassium deficient, but rich in iron and aluminum oxides. Heavy storms have been demon-

strated as the main driving force of severe soil erosion in the region. 

The surface soil of the VI region is dominated by purple soil, which is the main cul-

tivated soil in the upper reaches of Yangte River, in the southwest of China [42]. The main 

soil erosion is gulley erosion. The soil type of the VII region is formed by carbonate weath-

ering and is rich in calcium. The region is crisscrossed by landslides and debris flows. The 

VIII region is mostly covered by brown soil. An alpine steppe climate contributes to severe 

freeze–thaw erosion. The types of soil erosion and soil material composition are shown by 

spatial heterogeneity and different distribution in these eight regions. 

 

Figure 2. The map of the sampling sites. Figure 2. The map of the sampling sites.

The I region is located in the northeast of China with black topsoil as the dominant
ground composition. The area has a typical cold temperate continental monsoon climate,
which is contributes to the higher organic matter content [39]. Water and wind erosion area
account for 138,200 and 77,800 km2, respectively. The II region is crisscrossed by wind and
water erosion. The soil type is characterized by weathered sandstone and desert sand with
coarser particles [40].

The III region is located in the central and eastern part of China, with brown soil as the
dominant ground component. Soil erosion is mainly water erosion. Soil nutrient content,
such as available phosphorus ammonium nitrogen and nitrate nitrogen, is higher than
other areas. The IV region is mostly covered by loess soil with a fine texture and is rich
in goethite [39]. Loess is barren and has a strong erodibility, which is contributes to the
soil erosion.

The soil type of the V region is mainly laterite. Laterite is formed in a long-term humid
and warm climate. The parent materials are quaternary red clay [41]. The soil is potassium
deficient, but rich in iron and aluminum oxides. Heavy storms have been demonstrated as
the main driving force of severe soil erosion in the region.

The surface soil of the VI region is dominated by purple soil, which is the main
cultivated soil in the upper reaches of Yangte River, in the southwest of China [42]. The
main soil erosion is gulley erosion. The soil type of the VII region is formed by carbonate
weathering and is rich in calcium. The region is crisscrossed by landslides and debris flows.
The VIII region is mostly covered by brown soil. An alpine steppe climate contributes to
severe freeze–thaw erosion. The types of soil erosion and soil material composition are
shown by spatial heterogeneity and different distribution in these eight regions.
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Table 1. Physical and chemical characteristics of the four agricultural soil types and the basic information of the regionalization of soil and water conservation
of China.

Total Nitrogen
Content/g·kg−1

Total
Phosphorus

Content/g·kg−1

Available
Phosphorus/mg·kg−1

Organic Matter
Content/g·kg−1 pH Ammonium

Nitrogen/mg·kg−1
Nitrate

Nitrogen/mg·kg−1
Soil Bulk

Density/g·cm−3 Soil Types Main Crops Area/106

km2 Reference

Northwest
black soil

area(I)
1.35 0.7 5.55 16.4 4.86 11.54 8.45 1.31 Black soil Wheat 1.09

The research
group

determined

Northern
windy and

sandy area (II)
0.31 0.52 61.06 9.65 7.67 0.32 5.57 1.46

Weathered
sandstone,
desert sand

Corn 2.39 Wang [43]
Molatudi [44]

Northern
mountain and
hilly area (III)

0.87 0.72 58.3 19.3 7.79 29.14 23.77 1.36 Brown soil Wheat 0.81 Xue [45]
Li et al. [46]

Northwest
loess plateau

(IV)
0.83 0.8 16.6 7.53 8.14 2.69 12.6 1.2 Loess soil Wheat; corn 0.56

The research
group

determined

Southwest red
soil area (V) 1.5 0.15 12.5 13.1 4.97 3.95 7.25 1.37 Laterite Rice 1.27

The research
group

determined

Southwest
purple soil area

(VI)
0.81 0.84 9.02 8.75 8.2 3.17 17.69 1.34 Purple soil Tea 0.51

The research
group

determined

Southwest
karst area (VII) 1.11 0.68 2.53 15.37 5.58 26.92 8.9 1.28 Laterite,

Grey soil Barley 0.7 Meng et al. [47]
Zheng [48]

Qinghai–Tibet
plateau (VIII) 2.79 0.84 24.8 28.89 7.76 1.03 7.89 1.13 Brown soil Barley 2.24 Liu et al. [49]
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2.2. Microplastic Preparation

In this study, colorful PET, PP, PS, and PE were selected as typical microplastic samples
for easy recognition and identification which were all purchased from a local market
(Figure 1). The densities of the four microplastics were 1.37, 0.84, 0.92, and 0.95 g·cm−3,
respectively. Microplastics were sourced from transparent mineral water bottles (PET), blue
plastic water pipes (PP), white fast food boxes (PS), and black agricultural plastic mulching
film (PE). To make the simulated plastic similar to the plastic in real soil, we exposed the
plastic to ultraviolet light for 24 hours. According to the definition of microplastics, and
for easy observation, all of these processed plastics were manually cut with scissors to
make the particle size less than 1 mm. The colors of PET, PP, PS and PE were transparent,
blue, white, and black. Because each typical microplastic sample selected was different in
material and color, as well as large in size, they could be easily picked out by the naked
eyes. In addition, the shape of the microplastics was fragment and film.

2.3. Extraction and Analysis of Microplastics

In the simulation experiment, eight agricultural soils from the regionalization of
soil and water conservation of China and four typical microplastics (PET, PP, PS, and
PE) were selected. Microplastics in agricultural soil were extracted using the following
three treatments: water + cyri rapeseed oil (M1, Shanxi Xirui Group Co., Ltd., Xi’an,
China), saturated NaCl solution + cyri rapeseed oil (M2), and saturated NaCl solution
(M3). Three replications were carried out for each sample, for a total of 288 tests. The M1
and M2 treatments utilized the hydrophobicity and lipophilicity of microplastics, and the
microplastics were absorbed to the supernatant. The M3 treatment takes advantage of the
density difference between NaCl solution and microplastics, so that the microplastics in
the soil float on the surface.

In order to reduce the interference of microplastics in the agricultural soil samples,
the following measures were taken. Briefly, each soil sample of 2 kg was dried in an oven
at 105 ◦C for 24 h to a constant weight and then sieved through a 2 mm mesh. Then,
the dried soil samples and NaCl solution were mixed in a glass conical flask and stirred
with a clean glass rod for 5 min until reaching a complete mix. After settling for 24 h, the
supernatant with microplastics was transferred. The remaining soil samples in the conical
flask were used for the artificial addition simulation test. The dried remaining soil samples
of 50 g, 10 microplastic fragments (PP, PE, PS or PET) were soaked with 100 mL of the
solution (M1, M2, or M3) in a 250-mL glass conical flask. The mixtures were stirred for
5 min with a glass bar. After settling for 24 h, the supernatant with plastics was transferred
to a conical flask. The supernatants were treated with 20 mL of 30% H2O2 to degrade
organic matter, and then stored in an oven (70 ◦C) for 72 h. Finally, the supernatant was
filtered using filter paper (pore size: 0.45 µm, diameter: 100 mm, China). To remove
residual oil that might subsequently interfere with FTIR analysis, the filters were incubated
in 5 mL absolute ethanol and reacted for 2 min. This process was repeated until no obvious
oil shine appeared on the filter paper. The filter papers were stored in a clean glass dish
and dried at room temperature (Figure 3).
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All dried filters with microplastics were visually observed, and the residual correction
results were searched in the agricultural soils. Subsequently, the chemical composition and
polymer types of microplastics were identified with ATR-FTIR, and the scan range ranged
from 400 to 4000 cm−1. The FTIR spectra were compared to Hummel polymer library that
included spectra of all common polymers and natural materials.

2.4. Quality Assurance and Quality Control

In order to avoid the chance of microplastic pollution, all glassware and instruments
were cleaned and rinsed three times with distilled water, and covered with aluminum
foil after each step. All reagents (saturated NaCl solution, H2O2 solutions) were passed
through filter paper (0.45 µm, 100 mm Ø) before use. Clean 100% cotton clothing was worn
during whole experiment to avoid contact with external synthetic fibers. Three blank tests
were conducted, in which distilled water was used instead of dried soil samples. Other
steps were consistent with the above for artificially simulating the addition of microplastics.
The result showed that there were no microplastics in the environment.

3. Results and Discussion
3.1. Extraction Rates of Microplastics and Comparison the Influence of Different Method

The extraction rates of the microplastics in the eight typical agricultural soils are
illustrated in Figure 4. For the higher density PET (1.37 g·cm−3) in eight agricultural soils,
the oil extraction method was more effective than using the density extraction method.
Figure 4 showed that the extraction rates of PET ranged from 83.33% to 100.00% with
oil extraction methods and only 0.00% to 20.00% using density extraction methods in
agricultural soils, except at the V region (the soil type is laterite). Dong et al. [50] also
found that the recovery rate of PET and PVC microplastics reached more than 90% under
oil extraction and M2 treatment. In the V region, the extraction rates of PET were 50.00%
and 56.60% using M1 and M2 treatment, respectively. Crichton, Noël, Gies and Ross [25]
adopted the oil extraction method to extract fine particles from river sediments, and
the extraction rate reached 96.80% ± 1.16, which was higher than the extraction rate in
this experiment. In addition, Lekše et al. [51] showed that the recovery of PS and PP
microplastics reached 100% under oil extraction. The difference in microplastic extraction
rates may have been caused by the heterogeneity among the extracted objects and the
difference in extraction solution between canola oil and rapeseed oil.

The extraction rates of PP, PS, and PE were all greater than 80.00% for the density
extraction method in agricultural soils, but the extraction rate of PP was only 56.67% in
the V region (Figure 4V). The low extraction rate of PP microplastics in the V region may
be attributed to the fact that PP microplastics were more likely to be affected by Fe3+. The
extraction rate of PET only ranged from 0.00% to 20.00%. This was because the density of
the NaCl solution was close to the density of PET, which was 1.20 g·cm−3. PET would not
be suspended on the surface but would slowly settle at the bottom [52].

In the V region, the extraction rates of PET under the oil extraction method and the
PP using the density extraction method were lower than those of other agricultural soils.
This result may have occurred because they were rich iron oxides and aluminum oxides,
and its Fe2O3 and Al2O3 contents were 9.44–50.36% and 15.41–26.05%, respectively [53]. In
addition, Fe3+ and Al3+ can absorb microplastics in the agricultural soil [54]. The migration
of microplastics in agricultural soil was affected by the concentration of Fe3+ and Al3+,
pH value and the content of dissolved organic matter [55]. In addition, the content of
organic matter in the V region was twice that in the IV region. With the increase in organic
matter content, the adsorption points of microplastics in agricultural soil decrease, thus
increasing the ability of microplastics to migrate and resulting in a loss of microplastics
in the surface soil [54]. It was also possible that the microplastics in the V region were
more likely to age during the processes of cultivated land friction, ultraviolet radiation
and rainwater interchange, which degraded them further, and the specific surface area and
surface roughness of microplastics could be increased [56]. Turner and Holmes [57] showed
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that the combination of organic matter and microplastics resulted in a lower extraction rate
in the V region than in other agricultural soils during the weathering process.
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Notes: (I)–(VIII) represent Northwest black soil area, Northern windy and sandy area, Northern
mountain and hilly area, Northwest loess plateau, Southwest red soil area, Southwest purple soil
area, Southwest karst area, and Qinghai—Tibet plateau, respectively.

3.2. Changes in Microplastic Spectrograms under the Different Methods

The background image of FTIR was affected by different reagents and processing
methods, which interfered with the identification of microplastic components [58]. Four
microplastics were shown to peak at 1150, 1750, and 3000 cm−1 under the oil treatment
method in the eight typical agricultural soils due to the oil adhering to microplastics.
The infrared spectra of the microplastics were consistent with that of the original blank
sample after cleaning. For instance, PS in the IV regions showed a peak in the range of
2750–3000 cm−1 when it was not cleaned under the M1 treatment, and peak was reduced
after cleaning as shown in Figure 5. However, the peak shape did not change compared
with that before cleaning the oil, and a new peak appeared in the fingerprint area, which
was inconsistent with the spectrum of the original blank sample. Crichton, Noël, Gies and
Ross [25] pointed out that the addition of oil would interfere with the infrared spectrum
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and that the use of anhydrous ethanol for cleaning had good compatibility. The spectra
of PET and PP followed that of the original sample after cleaning. In the V region, the
peaks of PE and PS were reduced after cleaning at 1150, 1750, and 3000 cm−1, but some
new peaks appeared in other waveband wavelengths. Under the M1 treatment, the peak
value of PP increased after cleaning at 1750 cm−1, and the spectral functional group area
waveforms of microplastics that had been soaked in anhydrous ethanol were closer to that
of the original sample (Figure 5). In the VI region, the infrared spectra of the four types of
microplastics were identical to the original sample spectra after cleaning (Figure 5).
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same manner.



Agronomy 2024, 14, 1193 10 of 14

Figure 5 showed that the PS microplastics cleaned with absolute ethanol still had
peaks at the waveband shown as a low value of the characteristic absorption peak, and
the peaks were lower than before cleaning for the IV region. The spectra of the other
three types of microplastics were consistent with the original sample spectrum. This
peak may have developed because the benzene ring in PS forms π-π bonds with organic
pollutants, and the adsorption was enhanced [59]. Therefore, the oil remains in the pores
of the sample, which interfered with the measurement of the sample. In the I region, PET
showed a low value of the characteristic absorption peak in the band peaks in the range of
2250–2500 cm−1, and the infrared spectrum of the sample after washing was in accord with
that of the original sample under the M2 treatment (Figure 5). The characteristic absorption
peaks of PP were not apparent in the wavelength range of 2750–3000 cm−1 or at 1750 cm−1

in the V region (Figure 5). However, the characteristic absorption peaks were similar to that
of the original sample spectrum after cleaning. It may be that some substance in laterite
reacted with PP and anhydrous ethanol, which destroyed the structure of PP and reduced
the oil content between the pores of the sample, thus reducing the interference with the
infrared spectrum background. In the VI region, PE had a peak shape similar to that of the
original sample in the band peaks in the range of 1000–1250 cm−1 under the M2 treatment,
but the value of the characteristic absorption peaks increased after cleaning (Figure 5). The
characteristic absorption peaks of PET and PP were still high at 1150, 1750, and 3000 cm−1

after cleaning, and the treatment effect was not notable.
Under the density extraction method, the infrared spectra of the four types of mi-

croplastics in loess showed anomalies at 1150, 1750, and 3000 cm−1 and the peak value of the
functional group region of PS was lower than that of the original sample
(Figure 5), which may have been due to the existence of small loess particles between
the pores of microplastic samples during FTIR detection (Figure 5). Mintenig et al. [60]
suggested that some soil particles adhered to the surface of microplastics, which made
the surface structure and material of the microplastics more complex. Figure 5 shows that
the peak value of PET was lower than that of the original sample in the fingerprint area
(waveband wavelengths 750–1500 cm−1) in the I region. In the V region, the peaks of PP
were higher than those of the original sample at the waveband wavelengths of 1750 and
2750–3000 cm−1, but the overall peak shape and peak position were similar to those of
the original sample (Figure 5). This result may have occurred because the M3 solution
absorbed on the surface of microplastics. In addition, iron and aluminum oxides in laterite
adhered to the surfaces of microplastics, which also leads to this phenomenon. The infrared
spectra of the four types of microplastics were consistent with that of the original blank
sample in the VI region.

3.3. Appropriate Methods for Microplastic Detection in Different Agricultural Soils

The physical and chemical properties have significant differences when agricultural
soil was collected from different regions. The extraction rate of microplastics was affected by
the composition of different substances and the proportions of chemicals in the agricultural
soil [61]. Ding et al. [62] indicated that various agricultural soil types may have different
effects on the distribution of microplastics. Meanwhile, various extraction methods had
different extraction rates of microplastics and different impacts on the environment. Fuller
and Gautam [63] extracted microplastics from a composted municipal waste sample with
pressurized fluid extraction, and the extraction rates of PE and PP ranged from 84.50%
to 95.00%, but this method changed the structure of the microplastics. Felsing et al. [64]
extracted microplastics from soils with the Korona–Walzen–Scheider device; the recovery
rate of microplastics reached up to 90%, even for very small (63 µm) microplastic particles.
However, this method was only suitable for sediment separation with a large sample
weight (>1 kg).

The methods used in this study can address some limitations of the current mi-
croplastic methods and provide laboratories with simple analytical methods in a range of
environmental samples. They have the advantages of high extraction rates, saving time,
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operating easily, and being environmentally friendly. The priority of the treatment methods
for the extraction of microplastics was M1 > M2 > M3 in the I and VIII regions (Table 2).
High-density microplastics were extracted using the oil extraction methods, but the clean-
ing procedure should be optimized to reduce the impact of oil on the FTIR identification of
microplastics. The density of the saturated NaCl solution (1.20 g·cm−3) used in the density
extraction method was lower than that of PET (1.37 g·cm−3), while the densities of ZnCl2
solution (1.70 g·cm−3) and NaI solution (1.80 g·cm−3) were higher than that of PET [65];
thus, the extraction effects of ZnCl2 and NaI solutions were better than that of saturated
NaCl solution. However, considering the wide application, the three treatment methods
adopted in this study were feasible.

Table 2. Appropriate methods of microplastic extraction from different agricultural soils.

Agricultural Soil Types
Treatment

M1 M2 M3

Northwest black soil area (I) Preferred Second Third
Northern windy and sandy area (II) Preferred Preferred Second

Northern mountain and hilly area (III) Preferred Second Third
Northwest loess plateau (IV) Second Preferred Third
Southwest laterite area (V) --- --- ---

Southwest purple soil area (VI) Preferred Preferred Second
Southwest karst area (VII) Second Preferred Third

Qinghai–Tibet plateau (VIII) Preferred Second Third
Note: M1 is water + cyri rapeseed oil; M2 is saturated NaCl solution + cyri rapeseed oil; M3 is saturated
NaCl solution.

The preferred treatment methods for extracting microplastics were M2 > M1 > M3 in
the IV and VII regions (Table 2). The extraction efficiency of the M1 treatment was slightly
lower than that of the M1 treatment in these two regions. The priority of the treatment
methods for the extraction of microplastics was M1 = M2 > M3 in the II and VI region
(Table 2). Under the oil extraction methods, the extraction rates of microplastics in purple
soil were consistent, and both were greater than 93.33%. However, the PP extraction rate
under the density extraction method was slightly lower than those under the oil extraction
methods. Therefore, it was preferable to choose the oil extraction methods.

Although the oil extraction methods were suitable for the other agricultural soils, the
highest PET extraction rate in the V region was only 56.60% under oil extraction methods.
The PE extraction rate in the V region was also slightly lower than the other agricultural
rate under oil extraction methods, which was 86.67%. This may be attributed to the special
physical and chemical composition of laterite. Under the density extraction method, the
extraction of PET and PP was also not ideal, which were extracted at rates of 3.33% and
56.67%, respectively. These results may have been related to the high contents of organic
matter and iron and aluminum oxides. Therefore, the three treatment methods were not
suitable for laterite, and it is necessary to explore appropriate extraction methods to extract
different microplastics from laterite.

4. Conclusions

In summary, this study selected eight types of agricultural soils from the regional-
ization of soil and water conservation of China as test objects. This was to evaluate the
influence on the separation efficiency and component property identification of microplas-
tics with different types and densities using oil extraction and density extraction methods.
The conclusions were as follows.

The results showed that the extraction rates of the four types of microplastics, espe-
cially for high density PET microplastics, were higher under oil extraction than the density
extraction method. However, when FTIR was used to identify the microplastic components,
the influence of the oil extraction method was greater than that of the density separation.
For the higher density microplastics such as PET and PVC, it is recommended that the oil
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extraction method is used, combined with cleaning the residual oil with absolute ethyl
alcohol. For the lighter microplastics, such as PP, PE and PS, density separation is the
recommended method. Nevertheless, the Southern laterite area was a special case, as the
extraction rate of PET using the oil extraction method and PP using the density extraction
method was lower than other soils. The main reason was that the content of iron and
aluminum oxides was high in the laterite soil. Therefore, an appropriate extraction method
for microplastics in laterite needs to be explored in the future. In addition, the difference in
the extraction rates of microplastics from soil using different types of oil will continue to
be explored.
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