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A B S T R A C T   

As the abundance of microplastics and nanoplastics (MPs/NPs) increases in the environment, their presence in 
agricultural soil has become of interest. MPs/NPs can affect soil physical and chemical properties and be 
absorbed by plants and soil animals, causing physical and chemical damage. Soil MPs exceeding a certain 
concentration cause significant harm. Therefore, the extraction and identification of MPs in soil are vital for 
determining soil pollution. However, soils contain many other particles of similar size to MPs/NPs, making it 
more difficult to distinguish them than in water bodies. No standardized extraction and identification method is 
available to quantify MPs/NPs in soil. Various methods have been described in the literature, but they involve 
many different procedures for sampling, purification, digestion, and identification. This paper reviews extraction 
and identification methods for MPs/NPs in soil, sediment, and water and summarizes agricultural soil sampling 
and preservation, MPs/NPs separation, organic matter removal, and MPs/NPs identification. We also compare 
the advantages and disadvantages of existing methods and propose future research topics.   

1. Introduction 

Plastics are widely used in industrial and agricultural production and 
daily life due to their excellent performance and low cost (Fred-Ahmadu 
et al., 2020). It is estimated that 33 billion tons of plastics will have been 
produced by 2050 (Sharma et al., 2020). A small proportion (6–26%) of 
waste plastic is recycled, with the remainder ending up in the environ-
ment (Plastics Europe, 2018). Two main sources of microplastics (MPs) 
occur in farmland (Eerkes-Medrano et al., 2015): (1) primary micro-
plastics (such as industrial abrasives, cosmetics, leather goods, and 
shampoo) (Andrady, 2011; Browne et al., 2011; Cole et al., 2011) enter 
farmland through sewage irrigation, composting, wind, etc. (Huang 
et al., 2020); (2) secondary microplastics are formed from macroscopic 
fragments originating from mechanical, oxidative, and photochemical 
processes (Browne et al., 2007; Zhao et al., 2015) when agricultural 
plastics (such as plastic films, fertilizer bags, and drip irrigation pipes) 
enter farmland (Huang et al., 2020; Van den Berg et al., 2020; Wang 

et al., 2020a; Zhang et al., 2020). Once in the farmland, these MPs are 
difficult to recycle and remain in the soil for a long time. 

MPs are defined as plastic fragments with diameters (d) less than 5 
mm (Arthur et al., 2009; Elkhatib and Oyanedel-Craver, 2020). How-
ever, some researchers believe that MPs should include NPs (Wallace, 
2016), while others believe that MPs do not include NPs (Frias and Nash, 
2019). In this paper, we suppose that MPs include NPs. The upper size 
limits of NPs are controversial. Some authors want the upper size limit 
for NPs defined as 1000 nm (Cole and Galloway, 2015; Da Costa et al., 
2016; Gigault et al., 2018), while others prefer 100 nm (He et al., 2018a; 
Nguyen et al., 2019). For this study, the upper limit of NPs is 1000 nm 
because 200 nm plastics can be absorbed by plants (Li et al., 2020). 

Research on MPs in the sea began in the early 1970s (Colton et al., 
1974) but for soils, the first article was published in 2012 (Rillig, 2012), 
with most studies after 2016 (Helmberger et al., 2020). Despite the 
relatively recent research into MPs in soil, more MPs are in soil than the 
sea (He et al., 2018a; Rezania et al., 2018). Residual MPs in soil can 
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change soil pH (Wang et al., 2020a, 2020b), electrical conductivity, and 
organic matter and nutrient availability (Gong and Xie, 2020), increase 
soil porosity, decrease soil water holding capacity (Zhang et al., 2019a), 
and accelerate water evaporation (Wan et al., 2019). MPs in soil prevent 
downward water movement, resulting in water wastage (Cao et al., 
2020). Due to their high specific surface area, MPs can adsorb toxic 
substances such as pesticides and heavy metals in farmland (Lan et al., 
2021). MPs in soil have affected the growth of wheat, corn, cotton, and 
other plants (Qi et al., 2018). Moreover, the substances used to enhance 
plastic flexibility, expansibility, and workability release toxins into soil, 
causing soil pollution (Chen et al., 2013; Van Wezel et al., 2000). 

MPs are ingested by animals and transferred to higher levels of the 
food chain, a common occurrence in marine systems (Carbery et al., 
2018). MPs in soil adversely affect earthworms, springtails, enchytraeid 
worms, isopods, oribatid mites, snails, and microbial communities 
(Baeza et al., 2020; Von Moos et al., 2012). Round worm (Caenorhabditis 
elegans) can absorb MPs, accumulating in their intestines, causing a se-
ries of adverse effects (Lei et al., 2018). Laboratory tests also confirmed 
that MPs are absorbed by wheat and lettuce roots and transported up-
ward (Li et al., 2020). Murraya exotica plants can also uptake MPs, which 
are mainly transported in intercellular spaces (Zhang et al., 2019b). If 
MPs in soil are small enough, they could be absorbed by soil in-
vertebrates and plants, pass up through the food chain, and end up on 
people’s tables, but this needs further research. 

MPs are ubiquitous in the natural environment (Dioses-Salinas et al., 
2020). To understand how MPs harm agricultural environments, they 
need to be sampled and analyzed from agricultural soil. However, there 
is no agreed standard for the extraction and identification of MPs/NPs. 
Indeed, there are few extraction and identification processes for 
MPs/NPs in agricultural soil, relative to those available in water. This 
paper summarizes the available methods for extracting and identifying 
MPs in soil and sediment and draws on the methods used in water 
bodies. It also presents a set of procedures for extracting and identifying 
MPs/NPs in agricultural soil (Fig. 1). 

2. Soil sampling and pretreatment 

Due to the heterogeneity and complexity of soil and the large range 
of MPs particle sizes, it is important to formulate appropriate sampling 
methods, based on the sampling purpose, to ensure sample representa-
tiveness and improve the accuracy of follow-up analysis (Möller et al., 
2020; Wagner et al., 2001). The size of the sampling area depends on the 
objectives of the survey, while the sample size is determined by the 
variability of survey parameters (Schleuss and Muller, 2001). The 
sampling site, depth, and mass should be determined beforehand, with 
potential accumulation zones of MPs considered, such as abandoned 
areas of residual film at the head of the field. 

2.1. Sampling sites and sampling points 

Sampling techniques include random, systematic, stratified, and 
composite sampling (Barahona and Iriarte, 2001). The distribution of 
MPs is irregular in farmland. Random sampling avoids bias and means 
that each sample has the same chance of selection. Systematic sampling 
ensures uniform coverage, with sampling points forming a regular 
pattern. Stratified sampling shows significant differences among 
different soil layers. Composite sampling involves combining different 
subsamples into a single composite sample. To increase sampling ac-
curacy, multiple sampling methods can be combined to obtain accurate 
data and optimize sampling strength (Table 1). Scheurer and Bigalke 
(2018) combined composite and systematic sampling, taking three 
composite samples, comprising five subsamples, from each plot along a 
floodplain line parallel to the river bank. Huang et al. (2020) combined 
random sampling and composite sampling, using five 1 m × 1 m plots 
selected from each site and three replicates from each plot to form a 
large sample. Zhang and Liu (2018) combined stratified, random, and 
composite sampling, with each sample comprising six subsamples from 
the 0–5 cm or 5–10 cm soil layers in the same six sampling sites. 

The minimum required number (MRN) of sampling points is 
important when measuring MPs pollution in cultivated soil. Generally, a 
large number of sampling points improves accuracy. However, the MRN 

Fig. 1. Review of extraction and identification methods for MPs/NPs in agricultural soil.  

C. Junhao et al.                                                                                                                                                                                                                                 



Journal of Environmental Management 294 (2021) 112997

3

should be determined according to the type of research being under-
taken, the size of the research area, after costs and other factors have 
been considered (Weber et al., 2020). 

2.2. Sampling depth 

Since soil is a three-dimensional medium affected by various dy-
namic issues, including agricultural cultivation, different concentrations 
of MPs occur at different tillage layer depths (0–40 cm), so it is impor-
tant to consider sampling depth (Huang et al., 2020). For no-tillage 
farmland, it is usual to take soil samples from the 0–5 cm layer. For 
tilled soil, vertical distribution must be considered. Some studies (e.g., 
Chen et al., 2020a) divided the soil into two layers (0–10 and 5–20 cm), 
while others (e.g., Huang et al., 2020) divided the soil into three layers 
for sampling (0–5, 5–20, and 20–40 cm). The sampling depth depends 
on the plowing depth. While it is believed that no MPs occur below the 
tillage layer, it is unknown whether they move through the soil. He et al. 
(2018b) found large plastic particles at depths up to 40 cm in soil tilled 
to 35 cm depth. Tillage practices are not the only factors that affect the 
vertical distribution of MPs in farmland. Other factors include runoff, 
soil erosion, root disturbance, animal transportation, and farmland 
location (Dioses-Salinas et al., 2020). For example, farmland near 
highways or factories, with widespread MP sources, had more small-size 
MPs and subsoil MPs than ordinary farmland (Zhang and Liu, 2018). 
Therefore, the sampling depth of farmland in certain locations should be 
increased appropriately. The distribution characteristics of different 
MPs at depth in farmland soil must be considered carefully. 

2.3. Sampling mass and pretreatment 

The mass of each sample should exceed that required for MPs 
quantification. Various studies have used sampling masses ranging from 
5 g to 4 kg (Crichton et al., 2017; Dai et al., 2018; Felsing et al., 2018; 

Han et al., 2019; Nuelle et al., 2014; Xu et al., 2020b; Zhang et al., 2018; 
Zhou et al., 2018), as shown in Table 2. No definitive minimum amount 
for a soil sample has been ascertained. After sampling, most samples 
must be transported and stored before extraction. There is no clear 
standard for the transportation or storage of samples. In the literature, 
the choice of transport and storage temperatures appears arbitrary, 
ranging from − 20 ◦C to room temperature (Crichton et al., 2017; Felsing 
et al., 2018); however, this may be, in part, because sampled soil in some 
studies may not be just for MPs analysis. A room temperature study of 
MPs is cheap and yields reliable results. The literature describes the need 
to dry samples and the corresponding drying temperatures before 
extracting MPs. Most researchers stated that soil drying made it easier to 
separate MPs from the soil and remove large plastic pieces. The rec-
ommended drying temperature is moderate to avoid MPs degradation. 
Air drying of soil is not recommended due to the potential for air 
pollution. Overall, it is suggested that soil samples are dried at around 
60 ◦C before MPs extraction (Nuelle et al., 2014). 

As agricultural soil contains numerous organic and inorganic sub-
stances (such as roots and stones), MPs can be mixed with soil aggre-
gates or organic matter, affecting the extraction process. Therefore, 
before sample purification, particles larger than 5 mm need to be 
removed with a 5 mm sieve. We suggest using 1 mm screens because 
plastic larger than 1 mm is visible to the naked eye, and 1–5 mm pieces 
of plastic sheet will stick together when wet, usually with sand and 
gravel trapped between them, making them too dense to separate using 
the density separation method. Fig. 2a shows sand and gravel trapped 
between 1 and 5 mm pieces of plastic sheet. 

2.4. Sample sieving 

Sieves are mainly used to remove large particles in soil before MPs 
extraction. The conventional pretreatment step removes particles larger 
than 5 mm. In some studies, all soil from a sampling site was sieved to 
recover MPs of specific sizes. The purpose of the research determines the 
mesh density of the sieve. Most researchers choose a sieve with a mesh 
size between 20 and 500 μm (Leslie et al., 2017), made from steel or 
iron. Sieves can be stacked in several layers to form a sieving gradient, 
with the mesh density increasing from top to bottom. Some researchers 
use sieves with five different pore apertures (4.75, 0.85, 0.3, 0.106, 0.02 
mm), stacked sequentially (Michielssen et al., 2016). A sieving gradient 
can prevent sieve blockage and sample loss. 

3. Sample purification 

To analyze MPs further, they need to be separated from the soil 
medium without damaging their structure. 

3.1. Density separation 

The density separation method is the most common method for soil 
MPs separation. The soil is first treated using ultrasonics (Liu et al., 
2018) to ensure that each particle in the bulk sample either sinks or 
floats, depending on their relative density (Zhang et al., 2018). Sodium 
chloride is a cheap and environmentally friendly salt (Nuelle et al., 
2014), widely used in suspension solutions (Zhou et al., 2018). How-
ever, the density of saturated NaCl solution is 1.2 g/cm3, meaning that 
large density plastics such as polyvinyl chloride (PVC, 1.35 g/cm3), 
polyethylene terephthalate (PET, 1.38 g/cm3), and other high-density 
plastics (Ruggero et al., 2020) cannot be separated in this manner. 
Therefore, many researchers use a saturated solution of zinc chloride 
(ZnCl2), sodium iodide (NaI), sodium bromide (NaBr), calcium chloride 
(CaCl2), and zinc bromide (ZnBr2) for the suspension medium (Han 
et al., 2019; Imhof et al., 2012; Scheurer and Bigalke, 2018). The 
recycling rate of the high-density separation solution is significantly 
higher than that of NaCl. The choice of suspension medium should 
depend on the recovery rate and price and its environmental impact. 

Table 1 
Comparison of sampling techniques, sites, points and depths in different studies.  

Sampling 
technique 

Sampling site Sampling 
points 

Sampling 
depths 

Reference 

Composite and 
systematic 

Flood plain 435 0–5 cm Scheurer and 
Bigalke 
(2018) 

Random and 
composite 

Cotton field 384 0–5, 5–20, 
20–40 cm 

Huang et al. 
(2020) 

Stratified, 
random, and 
composite 

Cropland and 
forest buffer 

250 0–5, 5–10 
cm 

Zhang and 
Liu (2018) 

Stratified and 
random 

Abandoned rice 
paddy field 

– 0–10, 
10–20 cm 

Chen et al. 
(2020a) 

– Nearshore and 
offshore zones 

– 0–3 cm Dai et al. 
(2018) 

Stratified Vegetable 
farmland 

60 0–3, 3–6 cm Liu et al. 
(2018) 

Random and 
composite 

Vegetable 
farmland 

100 0–5 cm Chen et al. 
(2020b)  

Table 2 
Quality and pretreatment of microplastic samples for extraction.  

Sampling 
mass 

Drying 
temperature 

Storage 
temperature 

Reference 

5 g 60 ◦C − 20 ◦C Xu et al. (2020b) 
10 g Room temperature 4 ◦C Zhang et al. (2018) 
50 g 50 ◦C − 20 ◦C Crichton et al. 

(2017) 
150 g 105 ◦C Room temperature Felsing et al. (2018) 
200 g 60 ◦C – Han et al. (2019) 
500 g – – Dai et al. (2018) 
1 kg 60 ◦C Room temperature Nuelle et al. (2014) 
4 kg 105 ◦C Room temperature Zhou et al. (2018)  
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Many solutions, such as ZnCl2 and NaI, are not environmentally friendly. 
The selected suspension medium is placed in a beaker with the soil. 

After stirring and sedimentation, the supernatant containing MPs is 
sucked into another beaker and then transferred into the filtration sys-
tem (Fig. 2c). In the transfer between filtration system and beakers, or 
during emptying, MPs can stick to the beaker wall, so smooth, trans-
parent glassware is required for this process. 

The original separating method is shown in Fig. 2b; it has since been 
improved due to the low recovery rate. In 2012, Imhof et al. (2012) 
developed the Munich Plastic Sediment Separator (MPSS). In 2017, 
Coppock et al. (2017) and Mahat (2017) improved the MPSS. The MPSS 
separator comprises three parts: stirring sediment container, standpipe, 
and dividing chamber with ball valve and filter holder. This device 
separates the MPs particles from the solution and transfers them directly 
to the filter. The process does not require repeated emptying and 
extraction, avoiding extensive MPs loss. Imhof et al. (2012) stated that 
the MPSS had a 95–100% recovery rate for MPs. Zobkov and Esiukova 
(2017) reported that the extraction efficiency significantly decreased to 
13–39% when extracting MPs, which may be due to difficulties 
extracting organic matter from MPs. A simple and cheap separation 
device made by Coppock et al. (2017) had a high recovery rate of 
92–98% but was made from PVC, meaning that PVC had to be excluded 
from the analysis range, as it is a plastic. The bauta separator developed 
by Mahat (2017) was made from metal and glass, with a suspension 
medium mixture of ZnCl2 and CaCl2 and recovery rate of 82–100%. The 
above three separators have not been used to separate MPs in soil, so it is 
unclear whether they are suitable for that process. 

Devices for extracting MPs from soil and sediment have been 
developed. A two-step method for extracting MPs from sediments 
(Nuelle et al., 2014) improved the optimized extraction process. Sedi-
ments are pre-extracted using the air-induced overflow method, based 
on fluidization in NaCl solution; then, the sediment mass is reduced to 
about 80% of its original value and suspended in saturated NaI solution. 
Claessens et al. (2013) developed a new device, based on ‘Barnett’s 
fluidized sand bath,’ which uses upward gas and liquid flow to separate 
lighter particles in the soil from heavier ones, and then used NaI solution 
for suspension. This device is also made of PVC, meaning it cannot 
separately identify PVC commonly found in soil (Liu et al., 2019). Both 
methods can process large sample numbers. The extraction rates of these 
methods for MPs >35 μm are >90%, but their effectiveness for MPs <35 
μm is not clear. Moreover, these methods are applicable for loose soil; it 
is unknown whether they can separate MPs in cohesive soil. 

3.2. Electrostatic separation 

Soil minerals and other particles are electrically conductive, but 
plastics are not. Using this difference in electrostatic properties, the two 
can be separated using an external electric field. Electrostatic separation 
is a dry processing technique for separating primary and secondary raw 
materials using electric forces acting on charged particles (Deotterl 
et al., 2000). Felsing et al. (2018) studied the electrostatic behavior of 
plastic particles, then modified a small electrostatic separation device to 
improve the separation of MPs from sediment samples. Up to 99% of the 
original sample mass could be removed without the loss of MPs. This 
method’s advantage is that it simplifies the treatment and preparation of 
different field samples and is quick as almost no biological substance 
remains in the sample fraction after the last step. However, Felsing et al. 
(2018) tested this device on MPs with particle sizes ranging from 63 μm 
to 5 mm; its efficacy for processing smaller MPs or even NPs was not 
reported. 

3.3. Oil separation 

A new, cost-efficient oil extraction protocol (OEP) (Crichton et al., 
2017) uses the lipophilic properties of MPs as an alternative to 
density-based oil recovery methods. The OEP had a 90–100% recovery 
ratio for seven polymers, indicating a higher efficiency than density 
separation in a salt solution. OEP is simpler, easier, and cheaper than salt 
solution separation. However, oil interferes with Fourier Transform 
Infrared Spectroscopy (FTIR) during identification, so washing with 
90% ethanol after extraction is necessary. 

Mani et al. (2019) recently conducted a study to separate MPs from 
fluvial suspended surface solids, marine suspended surface solids, ma-
rine beach sediments, and agricultural soil substrates using castor oil. In 
this study, 0.3–1 mm MP particles were separated using four pristine 
polymers [polypropylene (PP), polystyrene (PS), poly 
methyl-methacrylate (PMMA), and glycol-modified polyethylene tere-
phthalate (PETG)] added to four substrates for extraction. The mean ±
SD MPs spike recovery rate was 99 ± 4% with an average matrix 
reduction of 95 ± 4% (dry weight, n = 16). This method is cheaper, 
lower risk, and faster than salt solution separation. 

3.4. Froth flotation 

Froth flotation exploits the density of the material and the hydro-
phobicity of its surface. It is commonly used in the recycling industry. 
Froth selectively attaches to hydrophobic particles, carrying them 

Fig. 2. Extraction process. (a) Sand and gravel trapped inside plastic film; (b) Density separation; (c) Filtering.  
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upwards, thus separating them from hydrophilic particles. This method 
uses different hydrophilic characteristics to separate plastics from soil. 
There are three plastic flotation methods: gamma flotation, reagent 
adsorption, and surface modification (Fraunholcz, 2004). However, the 
complicated surface modification procedure takes time and suffers from 
the unpredictable floatability of plastics, leaving a gap between the 
theory of surface modification and its practical application (Jiang et al., 
2020). Huang et al. (2017) used pinacol (97.71% pure) as a foaming 
agent and potassium permanganate as a surface modifier to yield a 95% 
recovery rate for PVC and PMMA. Imhof et al. (2012) used froth flota-
tion to extract MPs from sediments but reported low efficiency and 
significant variation among different polymers. 

3.5. Magnetic extraction 

Grbic et al. (2019) developed a magnetic extraction method for 
plastics. Hydrophobic iron nanoparticles are bound to plastic particles 
and then magnetized. Iron nanoparticles, once processed with hydro-
phobic hydrocarbon, using cetyltrimethoxysilane (HDTMS), bind to the 
surface of the MPs and can be extracted with a magnetic field. Iron 
nanoparticles were selected due to their high specific surface area, low 
cost, and ferromagnetic properties. Some 84% and 78% of MPs (poly-
ethylene, polystyrene, polyurethane, PVC, and polypropylene) could be 
recovered from fresh water and sediment, respectively, across a particle 
size ranging from 200 μm to 1 mm. Although the authors stated that 
using ultrasound in surfactant or acid solution can remove iron nano-
particles from MPs (Löeder and Gerdts, 2015), this method may further 
fragment MPs particles. 

4. Digestion of biological material 

MPs separated from agricultural soil are often mixed with organic 
matter (Munno et al., 2018), affecting the accurate identification and 
quantification of MPs. Therefore, the organic matter must be removed 
first; the most common method is digestion with acid, alkali, enzyme, or 
H2O2. It is recommended to carry out filtration before digestion because 
there may be small amounts of unidentified impurities in the digestion 
agent solution. 

4.1. Filtration 

Before the digestion of biological material, it is necessary to filter and 
remove unwanted particles after extracting the MPs from the soil matrix 
and placing them into salt solution. The filtration method is similar to 
that used for seawater. The purpose of the research determines the mesh 
density of the filter. When selecting the filter, the minimum size iden-
tified by the methods for identifying MPs should be considered (Fig. 3). 
Filter pore sizes range from 0.1 to 11 μm (Murphy et al., 2016). Filters 
are made from various materials, including glass, paper, isopore poly-
carbonate membrane, and cellulose acetate (Majewsky et al., 2016). 
Polymer filters should not be used as there is a risk of contamination 
with NPs, but there is no research to support this idea. 

Filters can be stacked into several layers to form a filtration gradient, 
with the mesh density increasing from the top to bottom. Some re-
searchers (Talvitie et al., 2017) set up filters with three different pore 
sizes (300, 100, and 20 μm) to pass through the supernatant containing 
MPs separated from sedimentary species. Multiple filtrations can be 
undertaken with separate filtration steps, as described by Hernandez 
et al. (2017), who used a five-step extraction process, passing the sample 
through the following filters: (1) Whatman filter paper (20–25 μm), (2) 
Whatman filter paper (2.5 μm), (3) EMD Millipore Millex Sterile Syringe 
Filters of 0.45 and 0.1 μm applied using positive pressure from a 10 ml 
syringe, and (4, 5) two repeated steps of 0.1 μm syringe filtration. 
Filtration provides a smaller sample for the digestion of biological 
material. 

4.2. Hydrogen peroxide (H2O2) 

H2O2 is commonly used to digest organic matter (He et al., 2018a; 
Kumar et al., 2020). While researchers have successfully digested 
organic matter from sediment, soil, seawater, and fish using H2O2, they 
have only extracted large MPs particles, not those at a nanometer scale. 
A 30% H2O2 solution was used to remove organic matter from sedi-
ments, which did not affect plastic particles (Liebezeit and Dubaish, 
2012), but light microscopy showed that acid, alkali, and H2O2 could 
lead to particle cohesion due to changes in the ionic strength of the 
solution (Nuelle et al., 2014). Rist et al. (2017) tested the effect of 30% 
H2O2 and 35% H2O2 solutions on 10 MPs polymers over seven days, with 
most becoming smaller, thinner, and more transparent. A study on MPs 
in natural marine snow revealed that a 30% H2O2 treatment for organic 
matter-rich samples formed denser foams (Zhao et al., 2017). The au-
thors recommended using 15% H2O2 at 75 ◦C for 24 h, which has the 
same effect as 30% H2O2. However, temperature-sensitive polymers 
may change their properties at such a high temperature. 

Tagg et al. (2017) used Fenton’s reagent (mixture of H2O2 and 
ferrous ion, Fe2+) to improve H2O2 oxidation efficiency of organic 
compounds; they found no significant effect of Fenton’s reagent on the 
surface area of PE, PP, and PVC but it did affect the surface area of nylon. 
The advantage of using this reagent is its speed and ability to digest 
many organic compounds in MPs. Hurley et al. (2018) studied four 
methods for removing organic material from MPs in a complex solid 
matrix: oxidation using H2O2, Fenton’s reagent, and alkaline digestion 
with NaOH and KOH. They confirmed that Fenton’s reagent provides the 
highest removal rate of organic matter from soil and sludge, with no 
influence on any tested MPs. When Fenton’s reagent was used to treat 
the MPs in rich organic matter (Munno et al., 2018), 35% H2O2 was 
added. The mixture reached 93 ◦C due to the violent reaction between 
the chemicals and organic matter, resulting in low MPs recovery rates. 
Thus, Munno et al. (2018) suggested that temperatures should not 
exceed 60 ◦C to avoid thermal degradation of MPs; this is similar to the 

Fig. 3. Size ranges for the extraction and identification methods of MPs/NPs.  
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recommendation made by Hurley et al. (2018) that the mixture should 
be kept below 40 ◦C when using Fenton’s reagent. 

4.3. Alkaline digestion 

Many researchers have separated organic matter and MPs using an 
alkaline solution, commonly KOH and NaOH. Although alkaline diges-
tion of organic matter is not ideal, using 10% KOH solution to digest 
organic matter and extract MPs is effective (Foekema et al., 2013). Cole 
et al. (2014) tested NaOH and compared it with enzyme and acid 
digestion; 10 M NaOH affected nylon, PVC, and PE particles, even under 
optimal alkaline conditions. Dehaut et al. (2016) showed that 10% KOH 
and 10 M NaOH solution changed the shape and size of cellulose acetate 
and PE terephthalate. Munno et al. (2018) found that a more concen-
trated KOH solution did not improve MPs recovery rate but changed its 
color. NaOH had significantly better digestion efficacy on organic matter 
than HCl solution (Cole et al., 2014), and the use of ultrasonics further 
improved organic matter digestion efficiency. Using 10 M NaOH, 
Dehaut et al. (2016) produced different degrees of MPs degradation, 
including peeling off polyethylene terephthalate (PET), and the matte 
texture signs shown on the polycarbonate (PC). Interestingly, the use of 
10% KOH increased the mass of polystyrene (PS), which is not consistent 
with the current understanding. Alkaline solution is not recommended. 

4.4. Acid digestion 

The most commonly used acids for organic matter digestion are 
HNO3 and HCl (Blaesingand Amelung, 2018). When 20% HCl was used 
as a digester, it was less effective than H2O2. Strong acid can effectively 
remove organic matter but is not recommended due to the potential 
degradation of MPs (Avio et al., 2015; Catarino et al., 2017; Nuelle et al., 
2014; Rocha-Santos and Duarte, 2015). Scheurer and Bigalke (2018) 
tested 13% KClO, 50% NaOH, 96% H2SO4, 65% HNO3, and 30% H2O2 
for organic matter removal and found that HNO3 disintegrated ABS, PA, 
and PET particles. In addition, black carbon particles were not removed 
(Kappenberg et al., 2016; Nguyen et al., 2019). 

4.5. Enzyme digestion 

Enzyme digestion of organic matter is the least aggressive method, 
having minimal impact on MPs. One single enzyme is used in the early 
digestion stage, and a combination of enzymes is carefully selected to 
digest the organic matter in the later stage. Karlsson et al. (2017) suc-
cessfully extracted MPs from organic matter using a single protease. 
However, biodegradable polylactic acid was degraded after protease 
treatment (Möller et al., 2021). Mintenig et al. (2017) digested organic 
matter using protease, lipase, and cellulase in succession before passing 
it through 35% H2O2. While this composite operation is better at 
digesting organic matter, its influence on MPs remains unclear. Another 
study incubated samples with sodium dodecyl sulfate to increase the 
contact surface for subsequent enzyme treatment and then used prote-
ase, cellulase, H2O2, and chitinase to treat samples—the combination of 
enzymes and H2O2 effectively digested organic matter and did not 
damage the MPs (Löeder et al., 2017). However, the enzyme combina-
tion may need to be changed for organic matter in soil. No studies 
concluded that their methods were suitable for different sample matrices 
or for MPs concentrated on filters. 

There has been little research on the digestion of organic matter in 
soil compared to seawater (Nguyen et al., 2019). Most methods are 
either time-consuming or expensive, which limits large-scale in-
vestigations. Enzyme treatment is recommended as it is mild and se-
lective, but a suitable enzyme for soil organic matter must be carefully 
determined. In addition, when combined with ultrasonic treatment, 
attention should be paid to avoiding the breakup of aging and catalyzed 
MPs, which may result in unintentional secondary MPs (Löeder and 
Gerdts, 2015). 

5. Identification and quantification of microplastics 

After sampling, pretreating, purifying, and digesting soil samples, 
MPs need to be identified and quantified, which is a long and tedious 
process. MPs have different characteristics, such as size, shape, 
composition, quality, and so on. The granularity range of MPs/NPs 
extraction and identification methods also differs (Fig. 3). In early 
studies, MPs identification mainly occurred through visual character-
ization, with or without a microscope (Munno et al., 2018), with low 
accuracy. Later, vibrational spectroscopy technology was used to iden-
tify MPs, primarily Raman spectroscopy and Fourier transform infrared 
spectroscopy. However, this method is time-consuming and has a size 
limit for MPs. Gas chromatographic–mass spectrometric methods over-
come the size limitation but impact other characteristics of MPs. Hence, 
each identification method only identifies some of the required char-
acteristics of MPs. See Table 3 for the advantages and limitations of each 
method. 

5.1. Visual characterization 

Visual characterization is an inexpensive and convenient method 
(Nguyen et al., 2019). However, visual characterization suffers from 
user subjectivity, and tiny particles may be missed or misidentified. To 
differentiate MPs particles from other particles, some researchers use the 
hot needle test, which exploits the thermoplastic properties of MPs 
(Lusher et al., 2017; Silva et al., 2018). Zhang and Liu (2018) heated 
MPs and impurities extracted from soil samples (3–5 s at 130 ◦C) and 
compared the microscopic images before and after heating: the melted 
particles were identified as MPs. Although this method is simple, it does 
not consider that natural particles, such as wax, also melt at this tem-
perature, and some high-density and thermosetting plastics do not melt 
under these conditions. Furthermore, this method can only determine 
the number of MPs, not their type. Moreover, identifying the size of MPs 
is limited by microscopes. 

The resolution of the microscope is important for the identification of 
MPs. The lower limits of MPs identification using a traditional micro-
scope is a particle size of 200 nm (Betzig et al., 2006). For smaller MPs 
(<200 nm), scanning electron microscopy (SEM) should be used (Silva 
et al., 2018). However, SEM is expensive, and the corresponding sample 
preparation is complex (Shim et al., 2017). Also, SEM only measures 
size, it cannot identify particle composition. Transmission electron mi-
croscopy is also not typically used to analyze NPs because NPs are 
amorphous (Gigault et al., 2016). Polarized light microscopy can be used 
to identify MPs, exploiting differences in microchromatism, birefrin-
gence, extraction pattern, and refraction index characteristics (Habib 
et al., 1998; Von Moos et al., 2012). Although microscopes can observe 
smaller particles, they do not reveal differences between synthetic par-
ticles and MPs. MPs dyeing seems to solve this problem. In particular, 
Nile red is a good fluorescent agent for detecting various polymers 
(Erni-Cassola et al., 2017; Shim et al., 2016). Nile red was used on 
samples before using a microscope to differentiate MPs from other 
substances (Maes et al., 2017). However, Nile red also marks the organic 
matter surrounding MPs (Lusher et al., 2017; Ruggero et al., 2020), so it 
needs to be completely digested before the dyeing process. 

Visual characterization is only a preliminary identification of MPs; it 
can reduce the number of particles that need to be chemically charac-
terized later (Nguyen et al., 2019). Some researchers use visual classi-
fication as the first step in MPs screening (Renner et al., 2018; 
Rocha-Santos and Duarte, 2015). Due to the large amount of MPs in soil, 
Lorenzo-Navarro et al. (2021) developed an architecture based on deep 
learning networks to automatically count and classify 1–5 mm MP from 
images >16 megapixels. However, the method first requires humans to 
specify MPs to practice, and its accuracy is questionable. 
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5.2. Vibrational spectroscopy 

Raman spectroscopy and Fourier transform infrared spectroscopy 
(FTIR) are the most common and advanced analytical methods for 
studying MPs. They can distinguish between polymers and other sub-
stances in the sample and determine the type of polymer. 

FTIR is a simple and low-cost MPs identification technology. The 

infrared absorption depends on changes in chemical bond permanent 
dipole moments, so the polar functional groups in MPs are easy to detect 
(Elert et al., 2017). However, the size of FTIR recognition MPs is limited. 
To improve the accuracy of MPs identification, FTIR spectra are needed 
to compare with the spectrum library and manually conduct spectral 
analysis (Jung et al., 2018). Focal plane array (FPA) micro-Fourier 
transform infrared (micro-FTIR) spectroscopy can identify particle 

Table 3 
Advantages and limitations of different methods.  

Group Method Advantages Limitations Reference 

Sample purification Density separation  ◆ High separation efficiency  
◆ Simple operation  
◆ Inexpensive  
◆ Handling large sample numbers  

• Low-density solution cannot separate high- 
density plastics  

• High-density solutions are expensive or toxic  
• Time-consuming 

Nuelle et al. (2014) 
Ruggero et al. (2020) 

Electrostatic 
separation  

◆ High separation efficiency  
◆ Simple operation  
◆ Fast  
◆ Simple sample handling  

• Difficult to separate small-sized MPs  
• Samples need to be dispersed and dried 

Felsing et al. (2018) 

Oil separation  ◆ High separation efficiency  
◆ Simple operation  
◆ Inexpensive  
◆ Fast  

• Identification of interference MPs Crichton et al. (2017) 

Froth flotation  ◆ Separation of large quantities of 
samples  

◆ Simple sample handling  

• Time-consuming  
• Low separation efficiency  
• Complex procedures 

Fraunholcz (2004) 
Jiang et al. (2020) 

Magnetic extraction  ◆ Separate small-sized MPs  
◆ Inexpensive  

• Time-consuming  
• Complex procedures  
• Sample damage 

Grbic et al. (2019) 

Digestion H2O2  ◆ Inexpensive  
◆ Can be used in complex 

environments  

• Destructive to MPs  
• Time-consuming  
• Produce high temperature 

He et al. (2018b) 
Kumar et al. (2020) 
Hurley et al. (2018) 

Alkaline  ◆ Inexpensive  
◆ Suitable for biological samples  
◆ Strong digestion ability  

• Destructive to MPs  
• Removal efficiency varies with the types of 

MPs 

Cole et al. (2014) 
Foekema et al. (2013) 
Dehaut et al. (2016) 

Acid  ◆ Effective removal of organic 
matter  

◆ Inexpensive  

• Destructive to MPs  
• Carbon black cannot be removed 

Blaesing and Amelung. (2018) 
Avio et al. (2015) 
Kappenberg et al. (2016) 

Enzyme  ◆ Does not degrade plastic  
◆ Suitable for biological samples  
◆ Relatively gentle  

• Expensive  
• The removal efficiency of soil organic matter 

is unclear 

Karlsson et al. (2017) 
Nguyen et al. (2019) 

Identification and 
quantification 

Visual 
characterization  

◆ Fast, easy, and quick  
◆ Inexpensive  
◆ Identifies shape, size, and colors  
◆ Non-destructive  

• Judging by people’s subjective consciousness  
• Lack of information on plastic composition  
• Large size 

Munno et al. (2018) 
Nguyen et al. (2019) 

FTIR  ◆ Non-destructive  
◆ Fast, simple  
◆ Identifies the composition of 

plastic  
◆ Automated  

• Expensive  
• Difficult to analyze NPs  
• Strong interference from water 

Elert et al. (2017) 
Löeder and Gerdts (2015) 
Hufnagl et al. (2019) 

Raman  ◆ Identifies the composition of 
plastic  

◆ Generates high-resolution images  
◆ NPs can be analyzed  
◆ Non-destructive  
◆ Easy sample preparation  

• Expensive  
• Time-consuming  
• Samples require refinements  
• Small area 

Kaeppler et al. (2015) 
Cabernard et al. (2018) 

UF  ◆ Inexpensive  
◆ Easily available  
◆ Large volumes  
◆ Mild  
◆ Little sample damage  

• Membrane with small pores  
• No separation from the particulate matrix  
• Low flow rates 

Schwaferts et al. (2019) 
Pitt et al. (2018) 
Pansare et al. (2017) 

UC  ◆ Simple  
◆ Easily available  
◆ Inexpensive  

• Small volumes  
• Slow  
• Harsh conditions  
• No separation from the particulate matrix  
• Sample damage 

Laborda et al. (2016) 

Py-GC-MS  ◆ Quick sample preparation  
◆ Easy and reliable  
◆ Identifies MPs of any size  
◆ Quantification of MPs  
◆ Identify any plastic additives 

present  

• Expensive  
• Small sample masses  
• Destructive to MPs  
• Dry sample needed  
• Pre-concentration 

Fischer and Scholz-Boettcher 
(2017) 
Fries et al. (2013) 
Kaeppler et al. (2018) 

TED-GC–MS  ◆ Higher sample masses  
◆ Quantification of MPs  
◆ Identifies MPs of any size  
◆ Fast  

• Expensive  
• Destructive to MPs  
• Dry sample needed  
• Pre-concentration 

Duemichen et al. (2017) 
Duemichen et al. (2015) 
Duemichen et al. (2014)  
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sizes ranging from 10 to 500 μm (Löeder et al., 2015). Attenuated total 
reflection (ATR)-FTIR can only be used to identify particles >500 μm 
(Renner et al., 2017). FTIR requires a minimum thickness of 150 nm 
(Mallikarjunachari and Ghosh, 2016), and the shape, size, or thickness 
of the detected particles affect the FTIR imaging results (Löeder et al., 
2015). For black particles, FTIR is often inaccurate due to the high ab-
sorption of infrared radiation. Fuller and Gautam (2016) developed a 
method for detecting MPs in soil based on pressurized fluid extraction. 
ATR-FTIR spectroscopy was used to measure MPs in the residues after 
evaporation of the suspension. This method is simple and fast, and not 
limited by particle size. However, it can only carry out mass analysis and 
cannot measure MP number, size, or shape. For more information on 
FTIR, readers can refer to Hufnagl et al. (2019) and Primpke et al. 
(2017). 

Raman spectroscopy can compensate for some FTIR shortcomings, as 
the chemical imaging line generated from Raman spectroscopy can 
reach a pixel resolution of 500 nm (Kaeppler et al., 2015). 
Surface-enhanced Raman spectroscopy (SERS) can identify MPs less 
than 500 nm. Xu et al. (2020a) used SERS with Klarite substrates can 
identify microplastics with sizes down to 450 nm. Zhou et al. (2021a) 
used SERS to identify NPs surrounded by SERS-active silver nano-
particles (AgNPs) with sizes down to 50 nm. The main advantages of 
Raman spectroscopy are its use of the complete wavelength region and 
ability to detect amorphous carbon (Lenz et al., 2015). Raman spec-
troscopy has better spectral resolution and lower interference of mois-
ture signal than FTIR, so it is not affected by the shape and thickness of 
particles. These advantages make Raman spectroscopy better than FTIR 
for identifying MPs (Cabernard et al., 2018), but the process takes longer 
than FTIR (Kaeppler et al., 2016). Typically, in farmland soil, numerous 
particles cannot be visually characterized and require spectral identifi-
cation, which can take a long time when using Raman spectroscopy. 

Soil samples contain organic matter, microorganisms (Kaeppler 
et al., 2016), background fluorescence (Lenz et al., 2015), and inorganic 
material (Elert et al., 2017) that strongly interfere with the target 
spectrum, making them unable to be identified. When using either of the 
vibration spectroscopy types described, the organic matter needs to be 
completely digested to avoid affecting the results. 

6. Identification and quantification of nanoplastics 

Identifying and quantifying NPs are relatively difficult compared to 
MPs (1 μm–5 mm), mainly because their size is too small for ordinary 
test instruments to identify nanoscale particles. Most studies on the 
identification and quantification of NPs have used spiked environmental 
samples, with only five studies identifying NPs in real field samples (Cai 
et al., 2021). Only Wahl et al. (2021) has extracted NPs from soil, which 
ranged from 20 to 150 nm. In these studies, gas chromatographic–mass 
spectrometric methods are mainly used, as it can manage samples in 
batches, and there is no requirement for impurities in samples. 

6.1. Pre-concentration 

While studies have revealed the abundance of MPs in agricultural 
soil (Jambeck et al., 2015), the concentrations of NPs can be very low 
(Lenz et al., 2016; Ter Halle et al., 2017), even lower in the colloidal part 
of the solution after filtration. Therefore, to measure the concentration 
of NPs in filtered solutions, a pre-concentration step is necessary. 

6.1.1. Ultrafiltration 
Ultrafiltration (UF) uses a type of porous membrane (Fig. 4), with a 

molecular weight cutoff ranging from 10 to 100 kDa, equivalent to 5–50 
nm pore size (Schwaferts et al., 2019). The solution penetrates the ul-
trafiltration membrane, with pressure applied to encourage flow and 
improve filtration efficiency. Due to the small pore size of the ultrafil-
tration membrane, the remaining particles are left suspended in solution 
(Pitt et al., 2018). Ultrafiltration can be carried out in a stirred tank (Ter 

Halle et al., 2017), centrifugal field (Pitt et al., 2018), or cross-flow 
filtration (Mintenig et al., 2018). Ultrafiltration using a stirred tank 
(Ter Halle et al., 2017) may damage the NPs in the solution. Mintenig 
et al. (2018) concentrated a suspension containing PS (50–1000 nm) 
using cross-flow UF with a 40–60 kDa cutoff flow, as cross-flow UF is 
relatively gentle, has low particle loss and sample damage, and can 
process many solutions. Cross-flow can also create a focusing flow to 
collect up to 50 ml of suspension at the beginning of the channel for 
pre-concentration (Prestel et al., 2006). Therefore, cross-flow UF is a 
promising method for soil sample treatment (Laborda et al., 2016; 
Vauthier and Bouchemal, 2009). 

6.1.2. Ultracentrifugation 
As NPs are insoluble, they can be sediment particles from solution by 

centrifugation and ultracentrifugation (UC). UC uses faster spinning 
speeds, which can collect dispersed particles in the solution, irrespective 
of whether they are plastic or not; however, it may damage the NPs 
(Laborda et al., 2016; Vauthier and Bouchemal, 2009), which is irrele-
vant if you only need to know the quality and composition of NPs. UC is 
relatively easy to operate, but it can only process a small volume 
(10–100 ml) of solution, limiting its use with water samples. The volume 
of suspension obtained from soil samples should be smaller; however, 
there is no research on the use of UC for soil MPs extraction. Taking the 
density gradient UC (Kumar et al., 2018), you can directly separate NPs 
from soil (Von der Kammer et al., 2012). In a recent study, NaCl and 
bovine serum albumin were added to the nanoplastic solution, which 
obtained protein with concentrated nanoplastics at a centrifugation 
speed of 8000 rpm for 15 min (Zhou et al., 2021b). 

6.1.3. Solution evaporation 
The rotary evaporator (Vauthier and Bouchemal, 2009) is mainly 

used for solution evaporation. Its working principle is to sublimate the 
solid at − 70 ◦C under negative pressure, which is especially useful for 
organic solutions. At present, this technology has been successfully used 
to extract NPs from the ocean (Ter Halle et al., 2017). This technology 
cannot remove dissolved substances and is not economical to deal with 
numerous suspensions, so it is usually combined with the above two 
pre-concentration methods. 

6.2. Gas chromatographic–mass spectrometric methods 

Mass spectrometry is the most commonly used method for analyzing 
MPs/NPs in the environment. Its analysis method differs from vibra-
tional spectroscopy in that it attains mass fraction information through 
sample destruction, so it cannot identify particle quantities or shapes. 

Pyrolysis coupled with gas chromatography–mass spectrometry (Py- 
GC–MS) is a sensitive and ideal method for characterizing and quanti-
fying MPs and other organic additives (Fischer and Schloz-Boettcher, 
2017; Fries et al., 2013; Hendrickson et al., 2018; Li et al., 2018). The 
combination of Py-GC–MS, and FTIR is suitable for determining MPs in 
samples (Kaeppler et al., 2018). In Py-GC–MS, samples are first 
decomposed in inert gas at high temperature, then separated using gas 
chromatography, and finally analyzed with mass spectrometry (Roussis 

Fig. 4. Diagram of ultrafiltration process.  
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and Fedora, 1996). Polymers are identified by their unique pyrolysis 
products (Kaeppler et al., 2018). However, the method requires sample 
preparation and choice of pyrolysis type (Dworzanski and Muezelaar, 
2017), so it is difficult for researchers to obtain similar results. Due to the 
size of the pyrolyzer, the amount of sample that can be added each time 
is limited to 0.5 mg (Duemichen et al., 2017), with detected particle 
sizes limited to 1.5 mm (Fries et al., 2013), making it unsuitable for large 
volume samples. Ter Halle et al. (2017) used Py-GC–MS to detect the 
presence of NPs for the first time in the subtropical circulation of the 
Atlantic Ocean. 

Compared with Py-GC–MS, thermal extraction–desorption coupled 
with gas chromatography–mass spectroscopy (TED-GC–MS) has a higher 
sample capacity, up to 20 mg (Duemichen et al., 2017) at a time, with no 
sample pretreatment required. After placing the product of thermal 
extraction from the thermogravimetric analysis into a solid phase 
adsorber, it is pyrolyzed under 1000 ◦C and sucked into a gas chroma-
tography–mass spectrometer for polymer identification (Duemichen 
et al., 2015, 2017). It takes 2–3 h for the sample to be processed by 
TED-GC–MS, which is less than most vibrational spectroscopy methods 
(Duemichen et al., 2014). Eisentraut et al. (2018) successfully identified 
NPs from tire wear in environmental samples using TED-GC–MS. 

These two technologies require a high concentration of NPs in 
samples, so they are generally combined with pre-concentration to 
reduce labor and material resources and ensure NPs detection. These 
two methods only detect the percentage of NPs in the sample, not their 
size, shape, or color; however, this information is important for evalu-
ating the impact of NPs particles on soil. Additionally, NPs in soil sam-
ples can be embedded or attached to other particles, so sensitivity can be 
an obstacle. The number of samples that can be injected is limited. While 
the sample volume of TED-GC–MS is higher than Py-GC–MS, it has po-
tential for improvement. 

6.3. Other methods 

Thermogravimetric analysis (TGA) combined with differential 
scanning calorimetry (DSC) can be used to analyze NPs. However, only 
PE and PP can be identified (Majewsky et al., 2016). TGA combined with 
MS can be used to analyze MPs in soil samples, but this method is limited 
to PET analysis (David et al., 2018). At present, TGA is rarely used to 
identify MPs, but it has good application prospects. 

X-ray photoelectron spectroscopy (XPS)—using X-ray radiation on a 
sample resulting in the emission of photoelectrons—can give specific 
characteristic bands. XPS has been used for the chemical composition of 
PS latex (Simon et al., 2018) and polyethylene NPs (Hernandez et al., 
2017). However, XPS alone cannot identify the polymer type. It mainly 
reveals changes in oxidation on the surface of NPs through changes in 
the oxygen content of the sample (Lu et al., 2018). 

Plastic particles and particle size distribution characteristics can be 
measured by laser scattering; the most widely used is dynamic light 
scattering (DLS) (Xu, 2015), measuring particle sizes between 1 nm and 
3 mm. The theoretical model used in DLS is sphere-based, which works 
best with monodisperse suspensions. This method does not provide the 
composition of particles, only the size. 

7. Quality assurance/quality control (QA/QC) 

MPs are ubiquitous in our environment. Samples taken from farm-
land, for example, and analyzed in the laboratory may be polluted by the 
environment, e.g., from MPs in the air, synthetic fibers in staff clothes, 
and laboratory plastic products. 

During field sampling, all tools must be metal and clean. Samples 
must be stored in covered non-plastic (e.g., metal) containers. When 
handling samples in the laboratory, staff should wear clothes made from 
natural fibers; outside, they should wear 100% cotton clothes when 
sampling (Murphy et al., 2016). The number of staff should be small, 
with entry and exit to/from the laboratory minimized (Woodall et al., 

2015). All equipment and materials in the laboratory should be cleaned 
with deionized water before use (Löeder et al., 2017; Piehl et al., 2018). 
All tools must be rinsed with deionized water before and after contact 
with each sample to prevent cross-contamination. The sample treatment 
process should be carried out in a laboratory laminar flow hood (Murphy 
et al., 2016) to prevent air pollution. Equipment and materials should be 
cleaned with deionized water after the first cleaning for use as a blank 
group for subsequent analysis. All experimental equipment should be 
non-plastic; if unavoidable, it must not affect experimental results. In 
addition, it is necessary to analyze blank samples to evaluate systematic 
errors of the experiment (Carter and Gregorich, 2007). 

8. Conclusions and outlook 

In the above chapters, we discuss the extraction and identification 
methods of MPs/NPs and suggest combining different technologies to 
make full use of their advantages because a single technology is unlikely 
to provide the required information. Due to the large sample size of 
agricultural soil, an analysis method with low cost and high efficiency 
should be selected to facilitate pollution evaluation. At present, a large 
gap exists between different laboratories on the extraction and identi-
fication of MPs (Van Mourik et al., 2021). Therefore, the method must be 
optimized to expedite the sample information. The selection of sampling 
site, depth, and quality should be based on the primary test purpose and 
test conditions. After sampling, the samples must be purified; there are 
numerous purification methods, including density separation, electro-
static separation, oil separation, froth flotation, and magnetic extrac-
tion. At present, density separation is more commonly used because it is 
simple and easy to do. It is important not to use a salt solution that 
contains chemicals in the environment. After extracting the MPs/NPs, 
they need to be digested; the commonly used methods are H2O2, alka-
line, acid, and enzyme digestion, which can be used in combination. 
Visual characterization, vibrational spectroscopy, and GC–MS methods 
are the main methods for identifying MPs/NPs. Visual characterization 
is generally used as the first step to identify MPs with particles >1 mm. If 
the identified MPs do not contain NPs, you can use vibrational spec-
troscopy because it is simpler and takes less time than GC–MS methods. 
NPs can only be identified by GC–MS methods. Pre-concentration is 
needed before using GC–MS methods. However, GC–MS methods can 
only obtain the quality of NPs. 

This review introduced MPs/NPs analysis techniques and a road map 
for the analysis process (Fig. 1). We listed the advantages and limitations 
of the methods described (Table 3) to help select appropriate methods. 
We believe that the following aspects need further investigation:  

• At present, the extraction and identification methods of MPs in soil 
do not accurately extract and identify NPs, and the content and type 
of NPs in soil are unknown. Therefore, future research should 
strengthen the extraction and identification of NPs in soil and plants 
to understand whether NPs can enter the human food chain through 
soil.  

• The transport mechanism of MPs in soil is not clear and may be 
affected by water transport, tillage methods, plant root growth, and 
other factors. It is important to understand the transport mechanism 
of MPs in different soil textures to know how deep MPs can be 
transported and whether it will affect groundwater. 

• There are few studies on the source and fate of MPs in soil. Under-
standing the source of MPs in soil can be controlled from the source. 
Microorganisms can degrade MPs in soil, which is significant for 
breeding microorganisms that can degrade MPs without adversely 
affecting the agricultural environment.  

• Design a standard procedure that is fast, convenient, and practical for 
MPs/NPs extraction and identification that can be used to analyze 
the source of MPs/NPs in agricultural soil and the degree of soil 
pollution, thus improving the soil environment and food security. 
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Löeder, M.G.J., Kuczera, M., Mintenig, S., Lorenz, C., Gerdts, G., 2015. Focal plane array 
detector-based micro-Fourier-transform infrared imaging for the analysis of 
microplastics in environmental samples. Environ. Chem. 12 (5), 563–581. https:// 
doi.org/10.1071/en14205. 

Lorenzo-Navarro, J., Castrillon-Santana, M., Sanchez-Nielsen, E., Zarco, B., Herrera, A., 
Martinez, I., Gomez, M., 2021. Deep learning approach for automatic microplastics 
counting and classification. Sci. Total Environ. 765 https://doi.org/10.1016/j. 
scitotenv.2020.142728. 

Lu, S., Zhu, K., Song, W., Song, G., Chen, D., Hayat, T., Alharbi, N.S., Chen, C., Sun, Y., 
2018. Impact of water chemistry on surface charge and aggregation of polystyrene 
microspheres suspensions. Sci. Total Environ. 630, 951–959 https://doi.org/ 
10.1016/j.scitotenv.2018.02.296.  

Lusher, A.L., Welden, N.A., Sobral, P., Cole, M., 2017. Sampling, isolating and identifying 
microplastics ingested by fish and invertebrates. Anal. Method. UK 9 (9), 
1346–1360. https://doi.org/10.1039/c6ay02415g. 

Maes, T., Jessop, R., Wellner, N., Haupt, K., Mayes, A.G., 2017. A rapid-screening 
approach to detect and quantify microplastics based on fluorescent tagging with Nile 
Red. Sci. Rep-UK 7. https://doi.org/10.1038/srep44501. 

Mahat, S., 2017. Separation and quantification of microplastics from beach and sediment 
samples using the Bauta microplastic-sediment separator. Masters Thesis. Norwegian 
University of Life Sciences. 

Majewsky, M., Bitter, H., Eiche, E., Horn, H., 2016. Determination of microplastic 
polyethylene (PE) and polypropylene (PP) in environmental samples using thermal 
analysis (TGA-DSC). Sci. Total Environ. 568, 507–511. 

C. Junhao et al.                                                                                                                                                                                                                                 

https://doi.org/10.1039/c3em00214d
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref47
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref47
https://doi.org/10.1021/acs.est.6b00816
https://doi.org/10.1021/acs.est.6b00816
https://doi.org/10.1039/c6en00008h
https://doi.org/10.1039/c6en00008h
https://doi.org/10.1016/j.envpol.2018.01.024
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref51
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref51
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref51
https://doi.org/10.1021/acs.estlett.8b00671
https://doi.org/10.1023/a:1004908110793
https://doi.org/10.1016/j.envpol.2019.113009
https://doi.org/10.1016/j.trac.2018.10.006
https://doi.org/10.1016/j.still.2018.03.013
https://doi.org/10.1111/1365-2435.13495
https://doi.org/10.1111/1365-2435.13495
https://doi.org/10.1021/acs.est.7b05829
https://doi.org/10.1021/acs.est.7b05829
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref59
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref59
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref59
https://doi.org/10.1177/0734242x16682078
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref61
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref61
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref61
https://doi.org/10.1039/c9ay00252a
https://doi.org/10.1021/acs.est.8b01517
https://doi.org/10.1021/acs.est.8b01517
https://doi.org/10.4319/lom.2012.10.524
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref65
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref65
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref65
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref65
https://doi.org/10.1021/acs.est.9b07861
https://doi.org/10.1021/acs.est.9b07861
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref67
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref67
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref67
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref67
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref67
https://doi.org/10.1007/s00216-016-9956-3
https://doi.org/10.1007/s00216-018-1185-5
https://doi.org/10.1007/s00216-018-1185-5
https://doi.org/10.1007/s00216-015-8850-8
https://doi.org/10.1007/s00216-015-8850-8
https://doi.org/10.1016/j.orggeochem.2016.01.009
https://doi.org/10.1016/j.marpolbul.2017.06.081
https://doi.org/10.1016/j.marpolbul.2017.06.081
https://doi.org/10.1016/j.envpol.2020.114980
https://doi.org/10.1016/j.envpol.2020.114980
https://doi.org/10.1016/j.scib.2018.04.014
https://doi.org/10.1016/j.aca.2015.11.008
https://doi.org/10.1016/j.aca.2015.11.008
https://doi.org/10.1016/j.ecoenv.2020.111781
https://doi.org/10.1016/j.ecoenv.2020.111781
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref77
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref77
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref77
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref78
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref78
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref78
https://doi.org/10.1016/j.marpolbul.2015.09.026
https://doi.org/10.1016/j.marpolbul.2015.09.026
https://doi.org/10.1016/j.envint.2017.01.018
https://doi.org/10.1016/j.watres.2017.12.056
https://doi.org/10.1038/s41893-020-0567-9
https://doi.org/10.1007/s00128-012-0642-7
https://doi.org/10.1016/j.envpol.2018.07.051
https://doi.org/10.1016/j.scitotenv.2019.07.144
https://doi.org/10.1007/978-3-319-16510-3_8
https://doi.org/10.1007/978-3-319-16510-3_8
https://doi.org/10.1021/acs.est.7b03055
https://doi.org/10.1021/acs.est.7b03055
https://doi.org/10.1071/en14205
https://doi.org/10.1071/en14205
https://doi.org/10.1016/j.scitotenv.2020.142728
https://doi.org/10.1016/j.scitotenv.2020.142728
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref90
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref90
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref90
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref90
https://doi.org/10.1039/c6ay02415g
https://doi.org/10.1038/srep44501
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref93
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref93
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref93
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref94
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref94
http://refhub.elsevier.com/S0301-4797(21)01059-8/sref94


Journal of Environmental Management 294 (2021) 112997

12

Mallikarjunachari, G., Ghosh, P., 2016. Analysis of strength and response of polymer 
nano thin film interfaces applying nanoindentation and nanoscratch techniques. 
Polymer 90, 53–66. https://doi.org/10.1016/j.polymer.2016.02.042. 

Mani, T., Frehland, S., Kalberer, A., Burkhardt-Holm, P., 2019. Using castor oil to 
separate microplastics from four different environmental matrices. Anal. Method. UK 
11 (13), 1788–1794. https://doi.org/10.1039/c8ay02559b. 

Michielssen, M.R., Michielssen, E.R., Ni, J., Duhaime, M.B., 2016. Fate of microplastics 
and other small anthropogenic litter (SAL) in wastewater treatment plants depends 
on unit processes employed. Environ. Sci. Wat. Res. 2 (6), 1064–1073. https://doi. 
org/10.1039/c6ew00207b. 

Mintenig, S.M., Int-Veen, I., Loder, M.G.J., Primpke, S., Gerdts, G., 2017. Identification of 
microplastic in effluents of waste water treatment plants using focal plane 
arraybased micro-Fourier-transform infrared imaging. Water Res. 365–372 http:// 
dx.doi.org/10.1016/j.watres.2016.11.015.  

Mintenig, S.M., Bduerlein, P.S., Koelmans, A.A., Dekker, S.C., van Wezel, A.P., 2018. 
Closing the gap between small and smaller: towards a framework to analyse nano- 
and microplastics in aqueous environmental samples. Environ. Sci. Nano. 5 https:// 
doi.org/10.1039/C8EN00186C. 
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