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• MPs abundance in soil depend on the
source, site characteristic and methods
used.

• Reporting the MP types and chemical
classification is mandatory.

• Heterogeneity of methods used in liter-
ature make results incomparable.

• Novel methods need to overcome im-
portant frontiers and challenges.

• Minimal standards along the extraction
and identification procedure are
suggested.
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Plastic pollution is one of the major challenges in the Anthropocene. A plastic waste sub-product, microplastics
(b5 mm), has been regarded as contaminants of concern for its detrimental effects and widespread in the envi-
ronment. Most studies assessing microplastics focused on marine environments, while terrestrial and soil sys-
tems have been overlooked. In this review, we analyzed the current knowledge regarding microplastic
pollution in natural soil or agricultural ecosystems. We focused on reviewing the procedural steps for
microplastic extraction and identification in detail. The heterogeneity of the methods applied, lack of standard-
izedprocedures and incompatible parameters reported,make the results incomparable amongmost studies. Sev-
eral microplastic concentration units are needed to make studies comparable. Correctly determining and
reporting microplastic morphotypes are key to understanding the sources of contamination. Minimal consider-
ations and recommendations were stated for extraction, digestion, filtration, and polymer identification proce-
dures. Baseline contamination prevention measures were identified as mandatory along the entire sampling,
handling and identification procedures. Lastly, knowledge gaps were identified and discussed for further
research.
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1. Introduction

Microplastics (MPs, plastic particles smaller than5mm) are contam-
inants of growing concern among scientists and the public opinion
(Barboza and Gimenez, 2015) as they are a ubiquitous pollutant in the
marine and terrestrial environment (Wang et al., 2019; Andrady,
2011). Primary MPs are manufactured micro-sized, while secondary
MPs derive from the breakdown of larger plastics due to photolytic,me-
chanical fragmentation and biological degradation (Cole et al., 2011;
Browne et al., 2009). Importantly, MPs come from a wide range of
sources, but are classified as terrestrial (e.g., clothing, single-use plastics
or worn off tire rubber) or marine (e.g., fishing gear or buoys) (Cole
et al., 2011) and are able to carry associated organic pollutants (PAHs,
PCBs, OCP) and heavy metals (Camacho et al., 2019; Li et al., 2020a,
2020b; Y. Zhou et al., 2019).

MPs have been reported in marine ecosystems (e.g., Alvarez-
Zeferino et al., 2020; De-la-Torre et al., 2020), freshwater bodies
(e.g., Bordós et al., 2019), agricultural soils and terrestrial ecosystems
(e.g., Corradini et al., 2019; Liu et al., 2018; Chen et al., 2019; Scheurer
and Bigalke, 2018). Many organisms are subject to MP ingestion due
to their small size and distribution in the environment (De-la-Torre,
2020). Although MPs have been widely investigated in marine ecosys-
tems, terrestrial ecosystems and agroecosystems have been overlooked
(Qi et al., 2020).

MPs reach agricultural and natural soil environments through land
applications, including sewage sludging (Van den Berg et al., 2020),
plastic mulching (Huang et al., 2020) and organic fertilizers
(Weithmann et al., 2018); applying wastewater treatment plant dis-
charge (Conley et al., 2019) and other irrigationmethods using contam-
inated river water (Wong et al., 2020); tire wear (Sommer et al., 2018);
or atmospheric deposition (Qi et al., 2020). Upon reaching terrestrial
environments, MPs are expected to interact with soil biota. Detrimental
effects and interaction with MPs have been researched in annelids
(e.g., Chen et al., 2020; Huerta Lwanga et al., 2017), nematodes
(e.g., Lei et al., 2018; Shang et al., 2020), arthropods (e.g., Wu et al.,
2018), and soil microbiota (e.g., de Souza Machado et al., 2018). Fewer
studies have focused on its implications for plants of commercial rele-
vance (e.g., Bosker et al., 2019; Qi et al., 2018). Hence, MPs threaten
the wellbeing of soil biota. For this reason, assessing the presence of
MPs in soil environments is a global concern.

The characteristics of the soil ecosystems vary depending on many
factors (e.g., soil texture, organicmatter content), becoming a heteroge-
neous environmental matrix. A wide range of techniques and proce-
dures has been developed for MP isolation and quantification from
substrata, including density separation techniques, organic matter di-
gestion, sieving or filtration, among others. However, no standard pro-
cedure or protocol has been established for assessing MPs in soil.

Consequently, this review will focus on: (1) The current knowledge
on MP occurrence, sources and distribution in terrestrial ecosystems
and (2) methods for MP extraction, identification and contamination
prevention. Baseline considerations were identified and summarized
along the MP assessment process. Knowledge gaps were discussed
based on the available literature.

2. Literature review strategy

InMarch 2020, a literature reviewwas carried out to retrieve articles
onMPs in soil ecosystems from the Scopus (https://www.scopus.com/)
database. Following Wang et al. (2020), the keywords used for the
search were “microplastic” in conjunction with “soil” or “terrestrial”.
Publications were selected and retrieved only if they fell into one of
two categories: Environmental or agricultural soil MP assessment, or
development of novel analytical methods. Publications assessing sedi-
ments from water bodies were excluded. Review articles also applied
if they were relevant to the matter of the present study. The reference
list from the retrieved articles were also checked and retrieved when
deemed necessary. A total of 27 papers were selected, 10 assessing
MPs in natural, industrial or agricultural soil environments, 15 present-
ing novel analytical methods applied to soil samples and two that in-
cluded both topics.

3. Microplastic occurrence in soil environments

Recent studies have reportedMP contamination in areas adjacent or
close to anthropogenic activities, principally in agricultural soils (B.
Zhou et al., 2019; Chen et al., 2019; Corradini et al., 2019; Liu et al.,
2018; Piehl et al., 2018; S. Zhang et al., 2018, 2020; Zhang and Liu,
2018, Y. Zhou et al., 2019), but also in soils of industrial areas (Fuller
and Gautam, 2016), beaches (Álvarez-Hernández et al., 2019), vacant
lands and woodlands in suburb areas of cities (Zhang and Liu, 2018)
and flood plains close to populated areas (Scheurer and Bigalke,
2018). The result of these studies may suggest a ubiquitous presence
of MPs in soil environments, regardless of the proximity or remoteness
of human activity. However, significant differences were reported
mainly in terms of abundance and chemical composition, even in soils
of the same land use. Some similaritieswere found inMPmorphological
types and size composition. These results seem to be conditioned by the
sources of MPs in the surrounding areas, hydrogeographic characteris-
tics (e.g., topography, hydrography, and presence of ocean currents)
and the limitations of the extraction and identification methods used
(Álvarez-Hernández et al., 2019; B. Zhou et al., 2019; Piehl et al., 2018;
Scheurer and Bigalke, 2018).

On non-agricultural soils (vacant lands, woodlands, forests, flood-
plains and beaches), concentrations of MPs varied greatly among stud-
ies. Studies that reported higherMPs concentrations sampled sites close
to urban or industrial areas (Fuller and Gautam, 2016; Scheurer and
Bigalke, 2018; Y. Zhou et al., 2019) or identified a key environmental
factor facilitating the accumulation of MPs, such as ocean currents

https://www.scopus.com/


Table 1
Summary of the results reported by the selected studies.

Country Land
typea

Soil
taxonomyb

Depth
samplingc

Microplastics Reference

Abundanced Polymere Morphologyf Sizeg Colorh Sourcei

China VL – S-5 cm 2.2 × 104 to
2 × 105 p/kg

– FR-50.5%
FB-10.4%

– – – Y. Zhou et al.
(2019)

WO – S-5 cm 9.6 × 104 to
6.9 × 105 p/kg

– FR-55.4%
FB-12.1%

– – wi, sw, in

FA – S-5 cm 4.3 × 104 to
6.2 × 105 p/kg

– FR-49.9%
FB-20.8%

– – wi, sw, mu

AV – S-5 cm 2.2 × 105 p/kg PE-36.1%,
PA-17.3%
PP-11.5%

FR-51.7%
FB-15.2%

b50 μm-46.1% – –

Chile FAsw a S-V 1.37 to
4.38 mg/kg

– FB-97% b2 mm – 80% of fibers – sw Corradini et al.
(2019)

FAnsw – S-V 1 to 3 p/5 g soil – – – – at, sc
Germany FAca EN

VR
S-5 cm 0.34 ± 0.36 p/kg

DW
158,100 to
292,400 p/ha

PE-62.5%
PP-25.0%
PS-12.5%

FR-43.75%
FI-43.75%
FB-12.5%

b5 mm – 68.75% W-62.5%
T-18.75%
BU-12.50%

pwd, surface
creep

Piehl et al. (2018)

China FA – S-3 cm 78.00
± 12.91 items/kg

PP-50.51%
PE-43.43%
PES-6.06%

FB-53.33%
FR-37.58%
FI-6.67%*

b1 mm - 48.79* BA-39.39%
*

Mu, pwd, sw Liu et al. (2018)

FA – D-3 to
6 cm

62.50 ± 12.97
items/kg

FB-37.62%
FI-33.76%
FR-28.30%*

b1 mm - 59.81%* T-46.30%* Soil
ploughed,
pwd, sw

China FA – S-5 cm 2020 items/kg
dry weight

PA-32.5%
PP-28.8%
PS-16.9%

MB-48%
FB-37%
FR-15%

b0.2 mm – 70%
0.5 to 1 mm – 13%
0.2 to 0.5 mm – 9%

– Chen et al. (2019)

China FA – S-10 cm 503.3 pieces/kg – FR-75% to
100%

From 0.06 to 5 mm – mu, pwd,
wi, co

B. Zhou et al.
(2019)

China FA NI S-5 cm 12,960 p/kg* – FB-11130 to
14,680 p/kg
FR-230 to
1060 p/kg
FI-460 to 520
p/kg*

0.05 to 0.25 mm - 11,170 to
13,430 p/kg
0.25 to 1.00 mm - 1080 to
1490 p/kg

– sw, wi, mu Zhang and Liu
(2018)

FA NI D-5 to
10 cm

– FB-9780 to
12,210 p/kg
FI-410 to 550
p/kg
FR-170 to
500 p/kg*

0.05 to 0.25 mm - 9560 to
10,900 p/kg
0.25 to 1.00 mm - 800 to 1490
p/kg

– sw, wi, mu

FA GY S-5 cm 26,070 p/kg* – FB-23000 to
24,850 p/kg
FR-650 to
1360 p/kg
FI-640 to 650
p/kg*

0.05 to 0.25 mm - 20,530 to
22,320 p/kg
0.25 to 1.00 mm - 2040 to
4080 p/kg

– sw, wi, mu

FA GY D-5 to
10 cm

– FB-24920 to
26,940 p/kg
FR-480 to
1570 p/kg
FI-570 to
1290 p/kg*

0.05 to 0.25 mm - 20,290 to
25,960 p/kg
0.25 to 1.00 mm - 2770 to
4060 p/kg

– sw, wi, mu

FB GY S-5 cm 14,360 p/kg* – FB-13990
p/kg
FI-1140 p/kg
FR-810 p/kg*

0.05 to 0.25 mm - 11,230 p/kg
0.25 to 1.00 mm - 3370 p/kg

–

FB GY D-5 to
10 cm

– FB-13040
p/kg
FI-780 p/kg
FR-550 p/kg*

0.05 to 0.25 mm - 9230 p/kg
0.25 to 1.00 mm - 2580 p/kg

–

AV – – 18,760 p/kg – FB-92.0%
FR-4.0%
FI-3.7%

1.00 to 0.05 mm-95%
0.05to 0.025–82%

Switzerland FPnr S-5 cm 5 mg/kg PE-88% – b1.00 mm - 85% – At, river
water

Scheurer and
Bigalke (2018)

Spain BEpc – S-5 cm 45.1 items/m2

1.2 g/m2

0.025 g/L

PE-69%
PP-18%
PS-4%

FR-80%
FB-7%
FO-7%

– – Álvarez-Hernández
et al. (2019)

BEnpc – S-5 cm 2971.5 items/m2

99 g/m2

2.0 g/L

FR-87%
PL-9%
FI-2%

4 to 5 mm - 40.1%, 2 to 4 mm
- 45.7, 1 to 2 mm - 14.2%

– Canary
current

Australia – – – – PVC – 80% – – – in Fuller and Gautam
(2016)

China FA MO, b S-20 cm 12.6 PE-100% – N100 μm - 8400 N/kg – mu S. Zhang et al.

(continued on next page)
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Table 1 (continued)

Country Land
typea

Soil
taxonomyb

Depth
samplingc

Microplastics Reference

Abundanced Polymere Morphologyf Sizeg Colorh Sourcei

± 52.8 mm2/kg
0.27
± 1.31 mg/kg

50 to 100 μm - 600 N/kg (2020)

FA MO, b S-20 cm 0.40
± 0.40 mm2/kg
0.002
± 0.002 mg/kg

PE-100% – N100 μm - 400 N/kg
50 to 100 μm - 400 N/kg

– mu

FA MO, b D-20 to 30 cm 5.20 ± 10.41 mm2/kg
0.20 ± 0.40 mg/kg

PE-100% –

N10-
0 μm
-

1400 N/kg
50 to
100 μm -
200 N/kg

– mu

FA MO, b S-20 cm 2.27 ± 3.93 mm2/kg
0.012 ± 0.021 mg/kg

PE-100% –

N10-
0 μm
-

400 N/kg – mu

FA MO, b S-20 cm 1.07
± 1.85 mm2/kg
0.004
± 0.008 mg/kg

PE-100% – N100 μm - 200 N/kg – mu

China FA – S-10 cm 40 ± 126 N/kg
0.008
± 0.025 g/kg

– – N100 μm - 40 N/kg mu S. Zhang et al.
(2018)

FA – D-10 to
30 cm

100 ± 141 N/kg
0.368
± 0.740 g/kg

– – N100 μm - 100 N/kg – mu

FF – S-10 cm 320 ± 329 N/kg
0.540
± 0.603 g/kg

– – N100 μm - 280 N/kg
50 to 100 μm - 40 N/kg

– mu

FF – D-10 to
30 cm

120 ± 169 N/kg
0.460
± 0.735 g/kg

– – N100 μm - 100 N/kg
50 to 100 μm - 20 N/kg

– mu

GH – S-10 cm 100 ± 254 N/kg
0.130
± 0.307 g/kg

– – N100 μm - 80 N/kg
50 to 100 μm - 20 N/kg

– mu

GH – D-10 to
30 cm

80 ± 193 N/kg
0.024
± 0.051 g/kg

– – N100 μm - 40 N/kg
b50 μm - 40 N/kg

– mu

a VL (vacant land), WO (woodland), FA (farmland), AV (average), FB (forest buffer zone), FP (floodplain), BE (beach), FF (fruit field), GH (green house) sw(sludge application), nsw (no
sludge application), ca (conventional agriculture), nr(national reserves), pc(periodic cleaning), npc(no periodic cleaning).

b a (Texture: loam and sandy loam), EN (entisol), VR (vertisol), NI (Nitisol), GY (Gleysol), MO (Mollisol), b (Texture: silty clay-loam).
c S (surface soil), D (deep soil).
d *(Account for micro- and mesoplastics).
e PE (polyethylene), PA (polyamide), PP (polypropylene), PS (polystyrene), PVC (polyvinyl chloride), PES (polyester).
f FR (fragments), FB (fibers), FI (films), MB (microbeads), FO (foams), PL (pellets), *(Results could not be separated from bigger plastics).
g *(Results could not be separated from bigger plastics).
h W (white), T (transparent), BA (black), BU (blue), *(Results could not be separated from bigger plastics).
i wi (wastewater irrigation), sw (sewage sludge application), in (industries), mu (mulching), at (aeolian transport), sc (sampling contamination), pwd (plastic waste degradation), co

(compost application).
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(Álvarez-Hernández et al., 2019). MPs were also detected in remote
areas such as high mountains in national reserves (Scheurer and
Bigalke, 2018). The presence of MPs in such remote areas highlights
the relevance of aeolian transport, transport through river water and
other mechanisms that may exist.

In the case of agricultural soils (farmlands, fruit fields, green houses)
some agricultural practices such as: sewage sludge application,
mulching, greenhouse covering, compost application, use of organic fer-
tilizers from biowaste fermentation and wastewater irrigation have
been identified as possible sources of contamination of MPs in soils
(Wang et al., 2020; B. Zhang et al., 2020). As seen on Table 1, many of
the studies consulted also identified those factors as possible sources
of MPs on their study sites. Moreover, by comparing the results pre-
sented by Piehl et al. (2018) and Y. Zhou et al. (2019a), the relevance
of these factors is further understood. Piehl et al. (2018) surveyed a
site 1.5 km away from an inhabited area, no agricultural plastic was
used for cultivation and inputs via runoffwere unlikely. The soil samples
taken from this area presented one of the lowest concentrations of MPs
(0.34±0.36MPparticles per kilogram) among the studies consulted. In
contrast, Y. Zhou et al. (2019) surveyed a suburb area of a city in China
where mulching, wastewater irrigation and sewage sludge application
may have been applied to the vegetable plots, reporting average con-
centrations ranging from 4.3 × 104 to 6.2 × 105 particles/kg.

Assessment of surface and deep soil samples in agricultural soils
were carried out by few authors. Results varied greatly among studies
and even among samples on the same study. Some factors identified
that may influence on the vertical distribution of MPs are: runoff, soil
erosion, tillage practices, bioturbation by plant roots and animal trans-
portation (Liu et al., 2018; S. Zhang et al., 2018, 2020; Zhang and Liu,
2018; Li et al., 2020a, 2020b). The abovementioned factors are classified
by Li et al. (2020a, 2020b) as external factors that usually have a limited
influence on the vertical transport of MPs, concentrated mainly on the
surface. In contrast, other factors such as leaching can vertically trans-
port MPs deeper (Li et al., 2020a, 2020b).

In terms of chemical composition in non-agricultural soils, polyeth-
ylene (PE) is the most common polymer identified among the studies
consulted (Álvarez-Hernández et al., 2019; Scheurer and Bigalke,
2018; Y. Zhou et al., 2019). In the case of agricultural soils, the most
common polymers identified were PE, polyamide (PA) and polypropyl-
ene (PP) (Chen et al., 2019; Corradini et al., 2019; Liu et al., 2018; Piehl
Fig. 1. A model showing the main sources of MPs in the soil environment. a) Contaminated ri
d) atmospheric deposition. e) Plastic mulching. f) Contaminated organic fertilizers. g) Tire rubb
et al., 2018), reaching maximum average proportions of 62.5%, 32.5%
and 50.51% respectively, among the studies consulted.

On the morphological aspect in non-agricultural soils, fragments
were dominant in most of the study sites surveyed, followed by fibers.
In agricultural soils, fibers were the most abundant morphological
type of MPs or second most abundant (Chen et al., 2019; Corradini
et al., 2019; Liu et al., 2018; Piehl et al., 2018; Y. Zhou et al., 2019). How-
ever, fiber prevalence was unlikely when farmlands received conven-
tional agricultural treatment and were not subject to MP-containing
fertilizers or agricultural plastic applications, in which case the most
common MP morphologies were fragments and films (Piehl et al.,
2018). B. Zhou et al. (2019) suggested that the presence of films, frag-
ments and fibers are characteristic of farmlands. This seemed to be in
accordance with the results of most of the studies consulted. Neverthe-
less, the sources of MPs (Fig. 1) may influence the morphological com-
position of MPs. For example, microbeads were the dominant MP
found in farmlands located in the suburb ofWuhan city, China, probably
due to the usage of personal care products by the urban population
nearby (Chen et al., 2019).

Regarding size, Zhang and Liu (2018) reported an inverse relation-
ship between concentration and size plastic particles finding higher
concentrations of smaller MPs. Other studies in farmlands and non-
farmlands soils have reported the same behavior (Chen et al., 2019;
Corradini et al., 2019; Liu et al., 2018; Scheurer and Bigalke, 2018; Y.
Zhou et al., 2019). For example, Y. Zhou et al. (2019) reported that
N100 μm and N50 μm MPs represented 81.3% and 46.1% respectively.
In floodplain soils from Switzerland, 85% of the MPs identified were
classified in the small size range (125–500 μm) (Scheurer and Bigalke,
2018).

The high variability ofMP concentrationmay be due to human activ-
itywithin reach and the characteristics of the surrounding environment.
While some general similarities have been found in terms of morpho-
logical and size composition in the studies consulted, it is premature
to suggest that this may be applied to all soils in general. Further inves-
tigations are needed and considerations must be taken in regard to the
limitations of the methods of identification and extraction that may
have biased the results by overlooking, altering MPs on the sample or
reducing the extraction efficiency (Piehl et al., 2018; Scheurer and
Bigalke, 2018; Y. Zhou et al., 2019). Moreover, MP abundance units
must be standardized. We suggest expressing abundance results in
both MP/kg and MP/m2 as a minimum requirement.
ver downstream. b) Sewage discharge on a water body. c) Contaminated sewage sludge,
er wear. h) Vertical distribution of MPs.
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4. Microplastic classification criteria

As for now, no methodology for classifying MPs by morphological
shape has been established, thus different classification protocols have
been used by different researchers (Wu et al., 2017). Correctly assigning
a shape or morphological type to the observed MPs could provide hints
on their origin (primary or secondary) and source. For example, fibers
originate from fabrics and ropes; resin pellets and spheres (or
microbeads) are engineeredwith those characteristics; films and sheets
come frompackaging and plastics bags; and foams degrade from shock-
absorbing packing materials (Shim et al., 2018).

Reporting the abundance of specific morphological types or shapes
is necessary asMPs of the same polymer type could come fromdifferent
sources. In terrestrial agroecosystems, morphological types influence
the distribution of MPs across the soil profile (Liu et al., 2018; Zhang
and Liu, 2018). Other articles have classified their findings based on
the material consistency of the MPs: hard and soft plastics (e.g., Garcia
et al., 2020; Lima et al., 2015; Silva-Cavalcanti et al., 2017). However,
this classification may not be the most appropriate to understand the
origin and source of the MPs.

Wu et al. (2017) indicated six MP types typically assessed: Sheet,
film, line/fiber, fragment, pellet/granule and foam. We suggest a more
detailed classification, including microbeads (or spheres) and those in-
dicated byWu et al. (2017) but separating lines and fibers into two dif-
ferent categories, asfibers aremost likely to shed from clothing, ropes or
fabric and lines derive from finishing lines, two completely different
sources.

Reporting the size of MPs is necessary to understand their bioavail-
ability to certain organisms. For example, the smallest particles are
most likely retained in earthworms and may be transferred along the
terrestrial food chain (Huerta Lwanga et al., 2016). MP size is commonly
categorized in length ranges that are variable depending on the isolated
MPs. Galgani et al. (2013) considers two divisions: small MPs (b1 mm)
and large MPs (1–5 mm). For reporting MP sizes, however, we recom-
mend to further divide size range categories (e.g., 100–500 μm,
1–2mm, 2–3mm) to better understand the relation betweenMP abun-
dance and size (e.g., Zhou et al., 2019).

The polymer type of MPs is commonly identified using chemical-
analytical methods. By further analyzing the suspected plastic particles,
researchers can understand their origin and source and avoid false pos-
itives during visual identification. Although some key physical charac-
teristics have been established to determine whether a suspected
particle is a synthetic polymer or something else (Desforges et al.,
2014), the results may be subject to bias by the observer. In some stud-
ies, visual sorting was effective enough to match N90% of the visually
identified MPs when compared to the polymer analysis (Ory et al.,
2017). Moreover, according to Lenz et al. (2015), visually identified
MPs smaller than 100 μm presented significantly lower match percent-
ages with confirmedMPs by Raman spectroscopy, suggesting that poly-
mer identification is required for particles smaller than that. Still, we
suggest polymer identification techniques as mandatory for particles
smaller than 1 mm to assure the accuracy of the results.
5. Analytical methods

5.1. Microplastic extraction

Extraction procedures allow MP isolation from the soil matrix. Dif-
ferent techniques have been developed to eliminate inconveniences
that may surge due to the heterogeneity of the soil matrix. For example,
soil aggregates reduce the efficiency of extraction by absorbing or em-
bedding MPs (Zhang and Liu, 2018). The presence of organic matter in
the soil can also reduce the effectiveness of the extraction, as it cannot
be properly separated by density solutions (Scheurer and Bigalke,
2018). Furthermore, the presence of carbonates can impede the efficient
removal of organicmatter (Corradini et al., 2019). A general description
of the techniques is presented in Table 2.

Sieving allows to separate MPs from the soil matrix into
granulometric fractions. It is a step commonly used as a pretreatment
to remove particles larger than 5 mm (e.g., Corradini et al., 2019;
Zhang and Liu, 2018). In some studies, sieving was performed in the
field in order to recover MPs of a specific size (e.g., Álvarez-Hernández
et al., 2019). This practice is recommended when plastic particles are
visible to the naked eye, mostly exceeding 5 mm (mesoplastics). As
soil is likely to be moist due to many factors, we suggest oven drying
soil samples prior.

Density separation is a commonly used step (Corradini et al., 2019;
Liu et al., 2018; Chen et al., 2019; B. Zhou et al., 2019; Y. Zhou et al.,
2019). Effective extraction using a floatation technique depends on
the sample mass, mixing method and sample:volume (floatation solu-
tion) ratio (Han et al., 2019). Flotation with high-density solutions,
such as NaI (1.8 g/cm3), allows a better MP separation than other solu-
tions, like NaCl (1.2 g/cm3) or distilled water (Hurley et al., 2018). Liu
et al. (2019) reported that NaBr is the best alternative compared to
CaCl2 and NaCl. The density of the floating solution must be verified in
order to know what possible polymer types are likely to be missed.
We suggest NaI as the best alternative for a high MP recovery rate and
NaCl as theminimum requirement. It should be noted that NaI is an ex-
pensive and relatively toxic reagent to biota (Van Cauwenberghe et al.,
2015). For this reason, cost-efficient, handling and disposal consider-
ations must be taken into account when opting for NaI.

Digestion is a technique widely used for the elimination of organic
matter in the samples. However, depending on the reagent used and in-
cubation temperature, it can cause total or partial degeneration of some
MPs. For instance, Hurley et al. (2018) performed digestion with NaOH
(10 M) at 70 °C, and observed high degeneration in polyethylene tere-
phthalate (PET) and polycarbonate (PC) MPs, while KOH (10%) at
60 °C mildly degraded polystyrene (PS) and PC MPs. Moreover,
Desforges et al. (2015) reported that nylon, PET and biopolymer MPs
were be degraded by HNO3. Some studies using HNO3 for tissue diges-
tion indicated that their results are conservative estimates due to the
possible loss of certain MPs (e.g., Md Amin et al., 2020; Sun et al.,
2019).We recommend avoiding the use of HNO3 andNaOHas digesting
agents.

Filtration permits the separation of MPs from the floating solution
supernatant (Chen et al., 2019; Liu et al., 2018). This is most of the
time the last step prior to visual sorting or polymer identification. Filter
pore size selection is similar to a detection limit, as MPs smaller than
that are expected to be lost. Talvitie et al. (2017) advises that an ideal
porosity size be between 10 μm and 20 μm. Selection of the smallest
pore size is optimal for a larger size range of MP recovery. However,
small porosity could be prone to a slow filtration process or in some
cases becoming stuck.

The review of the 12 retrieved articles regarding the extraction
methods revealed significant variability in the methodologies used.
The time of sedimentation in many cases is not reported (Corradini
et al., 2019; Piehl et al., 2018; Y. Zhou et al., 2019). While some studies
indicated repeated extractions in the density separation method to in-
crease the MP collection (Corradini et al., 2019; Y. Zhou et al., 2019),
in most studies is not included or not mentioned (Zhang and Liu,
2018; B. Zhou et al., 2019; Chen et al., 2019). Similarly, most studies
used different porosity sizes varying from 5 μm to 1 mm. Likewise,
40% of the studies consulted used H2O2 reagent for digestion, while
only 10% used KOH (Y. Zhou et al., 2019) and HNO3 (Scheurer and
Bigalke, 2018). There was only one study that did not use the methods
mentioned above, but implemented a pressurized fluid extraction
(PFE) technique (Fuller and Gautam, 2016).



Table 2
A comprehensive summary of themicroplastic extraction methods used in the studies selected. Pre-T: pre-treatment, Rea: reagents, Den: solution density (g/cm3), Agi: agitation process,
Tim: time, Con: concentration, Tem: temperature, Pos-T: post-treatment, Mat: filter material, Por: Pore size.

General
methoda

Density separation Digestion Filtration Reference

Pre-Tb Reac Den Agid Tim Pre-T Rea Con Tem Tim Pos-Te Matf Por Pos-T

OD, DS Centri NaCl,
ZnCl2

1.19
(NaCl),
1.55
(ZnCl2)

Centri – Sie, D
(65 °C)

KOH:NaClO
(1:1) Solution

30% 50 °C 48 h – – – – Y. Zhou et al.
(2019)

DS D
(40 °C),
Sie

Dw,
NaCl,
ZnCl2

1.2
(NaCl),
1.55
(ZnCl2)

Centri – – – – – – – – 8 μm – Corradini et al.
(2019)

OD, SI – – – – – – H2O2 – – – – – – – Piehl et al. (2018)
DS, OD D

(70 °C,
24 h)

NaCl 1.19 Ultra,
Man

24 h – H2O2 30% 50 °C 72 h – Nyl 20 μm – Liu et al. (2018)

DS AD ZnCl2 1.5 Man 24 h – – – – – – GF 45 μm – Chen et al. (2019)
DS, OD AD, sie,

(NaPO3)
6

NaCl,
NaI

1.2
(NaCl),
1.6
(NaI)

– 48 h
(NaI)

– H2O2 30% 70 °C 72 h – Cel-Nit
(DS),
GF
(OD)

5 μm
(DS),
20 μm
(OD)

B. Zhou et al.
(2019)

OD, DS – NaI 1.8 Centri – AD, Sie H2O2 + FeSO4 35%
(H2O2) + 10%
(FeSO4)

50 °C 24 h NaOH
(0.5 M,
24 h),
soni,
centri

Sie 1, 0.25,
0.05 mm

H2O2, D
(80 °C)

Zhang and Liu
(2018)

DS, OD D
(65 °C),
sie

NaCl 1.2 Centri – – HNO3 65% 90 °C 48 h NaCl
rinse

Mem 0.2 μm – Scheurer and
Bigalke (2018)

DS Sie NaCl 1.2 – – – – – – – – – – – Álvarez-Hernández
et al. (2019)

PFE – – – – – – – – – – – – – – Fuller and Gautam
(2016)

DS – Dw – Man,
Ultra

Over
night

– Fenton's
reagent

– – – – – b 3 μm D
(60 °C),
Heated
130 °C

S. Zhang et al.
(2020)

DS AD, sie Dw – Man,
Ultra

Over
night

– – – – – – – b 3 μm D
(60 °C),
Heated
130 °C

S. Zhang et al.
(2018)

a OD (organic digestion), DS (density separation), SI (sieving), PFE (pressurized fluid extraction).
b Centri (centrifugation), D (drying), AD (air-drying), sie (sieving).
c Dw (distilled water).
d Ultra (ultrasonification), man (manual stirring).
e Soni (sonification).
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5.2. Polymer identification

FollowingMP extraction, polymer identification techniques are con-
ducted to allow researchers to adjust their visual counting results to
true MP quantities by discarding false positives. Many techniques have
been developed and applied for thismatter; including Fourier transform
infrared spectroscopy (FTIR) and its configurations, Raman spectros-
copy, pyrolysis coupled to gas chromatography and mass spectrometry
(Pyr-GC/MS) and scanning electron microscopy (SEM) coupled to en-
ergy dispersive X-ray spectroscopy (SEM-EDS) as the main polymer
identification methods. Some studies have investigated unconventional
techniques as potential alternatives, including vis-NIR
spectroradiometry applications (Corradini et al., 2019), pressurized liq-
uid extraction or thermal desorption coupled to GC/MS (Dierkes et al.,
2019; Dümichen et al., 2017), although reporting critical limitations
for realistic applications.

FTIR is widely used in literature to analyze MPs sampled frommany
environmental matrices. Polymer identification is carried out by auto-
matically comparing the FTIR spectrum from a MP to reference spectra
(Fig. 2), the polymer spectrum with the highest similarity is suggested
as the chemical identity of the analyzed particle. Establishing a similar-
ity threshold (e.g., ≥70%, ≥80%)with the spectrum of highest percentage
of similarity is a common practice to determine a grade of certainty
when reporting polymer identities. Extra peaks in the FTIR spectra and
low similarity percentage may be due to adhered contaminants and
weathering conditions resulting in polymer degradation (De-la-Torre
et al., 2020). Brandon et al. (2016) investigated how different
weathering conditions alter chemical bond structure in microplastics.
Results indicated evident bond changes in the FTIR spectra, mainly in
the hydroxyl (3350 cm−1), carboxyl groups (1640 cm−1) and
carbon‑oxygen bonds (1070 cm−1). Bond index for these groups varied
depending on the polymer, time of exposure andweathering conditions
(Brandon et al., 2016). Furthermore, soil characteristics (e.g. tempera-
ture, oxygen levels, moisture, composition) are part of the main factors
that promote plastic degradation (Ng et al., 2018). This process may
cause bond changes in the FTIR spectra by altering the molecular struc-
ture of the particles. Therefore, in order to improve the certainty of poly-
mer identification, an automated comparison with a spectral library
may be accompanied with a manual spectral analysis following the de-
scription of environmentally weathered plastics by Jung et al. (2018)
and bond changes described by Brandon et al. (2016). Soil organic mat-
ter can also reduce the effectiveness of FTIR analysis (Li et al., 2020a,
2020b). To avoid interference with surface organic matter and impuri-
ties, a smooth clean surface of the MP can be exposed by making a
small cut (Jung et al., 2018). For the smaller samples, a preliminary
cleaning treatment with 1 M HCl and 30% hydrogen peroxide (H2O2)
for 2 or 3 min can be applied (Mecozzi et al., 2016). Other drawbacks



Fig. 2. Reference and sample FTIR spectra of previously identified MP polymers. a) Polypropylene FTIR spectra. b) High density polyethylene FTIR spectra.
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that must to be taken into account are moisture interference with the
reading and the impossibility to identify black particles, small fibers,
and tiny particles as a technical challenge, requiring extensive practical
experience (Käppler et al., 2016). Moisture interference can be avoided
if the samples and filters are oven dried before the FTIR analysis. When
coupled to a microscope (μFTIR), microplastics as small as 10 μm are
Fig. 3. Examples of external contamination sources. a) Fibers stuck on unwashed tweezers. b
references to color in this figure legend, the reader is referred to the web version of this article
analyzed, while a focal plane array (FPA) allows to obtain both chemical
and morphological information simultaneously (Wang et al., 2020),
overcoming size limit drawbacks and fasten the procedure by directly
scanning over the filtered samples (Simon et al., 2018)

In spite of Raman spectroscopy not being as common as FTIR in liter-
ature, it is beneficial to overcome some FTIR technical limitations.
) Blue fiber found in solution blank. Scale bar indicates 2 mm. (For interpretation of the
.)
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Particles even smaller than 1 μm are detected by Raman spectroscopy
when coupled to a microscope, although certain technical skill is gener-
ally required; it also exhibits better spectral resolution and lower mois-
ture signal interference than FTIR (Ribeiro-Claro et al., 2017). Regarding
its drawbacks, the high-energy intensity of its laser could destroy MP
particles (Dehaut et al., 2019) and plastic additives could obstruct the
Raman spectra of synthetic polymers (Karami et al., 2018; Van
Cauwenberghe and Janssen, 2014). The additives causingmajormodifi-
cation to the spectra are mostly fillers, pigments and dyes (Lenz et al.,
2015).

Pyr-GC/MS is a destructive method used to obtain structural infor-
mation of the MPs chemical composition by analyzing the products of
thermal degradation (Fries et al., 2013). Pre-treatment is not required,
and small sample quantities (5–20 μg) are needed (Kusch, 2017). Com-
pared to spectroscopic techniques, sequential Pyr-GC/MS is able to ana-
lyze plastic additives (Qiu et al., 2016). SEM provides a high-
magnification image of MPs, aiming for a structural false positive dis-
crimination. When coupled with energy-dispersive spectroscopy
(SEM-EDS), determination of the elemental composition is enabled
(Blair et al., 2019). The lack of strong C signal in elemental spectra sug-
gests a non-synthetic particle. However, SEM-EDSmay be subject to la-
borious, expensive and time-consuming procedures, limiting the
number of analyzed particles (Silva et al., 2018). These methods may
have been overlooked, as they are not commonly used in literature.

Some of the methods described before were used in studies
researching the presence of MP in terrestrial ecosystems (Table 2).
Out of the 12 retrieved articles, seven used FTIR configurations (μFTIR
and ATR-FTIR), and two used Raman spectroscopy configurations
(μRaman). Three articles did not employ synthetic polymer validation
and were limited to visual identification. The accepted similarity per-
centage threshold varied from ≥50% to 80%. Threshold percentages as
low as 50% may fall into wrong polymer identification. Ideally, 100% of
theMPsmust be analyzed in order to have a full comprehension of poly-
mer type occurrence and completely identify MPs. Only Y. Zhou et al.
(2019) analyzed the entirety of the MP extracted from soil, while the
majority only analyzed a portion of the isolated MPs. The MPs selected
for polymer identification must be representative of the morphological
types and colors, as carried out by B. Zhou et al. (2019). Analytical pa-
rameters, like the minimum percentage of total MPs to be analyzed
and similarity threshold vary considerably among studies and require
standardization.

5.3. Contamination prevention

The ubiquitous presence and low concentrations of MPs in the sam-
plesmakes post-sampling contamination a threat to the reliability of the
Table 3
Summary of the contamination prevention measures used in the selected studies.

QA/QC Filtering Special lab
clothea

Work
place

Blankb Blank
managementc

Clea

Yes Yes – – Sol, Pc Subtraction Uw/
Yes – Coatc – Con, Sol, Pc Averaged –
Yes – Coatc – Pro NF Filte
Yes – Coatc/glovesc – Pro, Pc NF Mqw
Yes Yes – – Ab, Cs Averagen Uw
Yes – Coatnt/glovesnt – Pro Subtraction Mqw
Yes – Coat Fumehood Ab Averagen Yes
Yes – – – Pro, Pc Averagen –
No – – – – – –

No – – – – – –
Yes – Yes* – – – –
Yes – Yes* – Pc – –

a c (Cotton), nt (no textile), *(clothes made from plastic fibers were not allowed).
b Sol (solution), Pc (positive control), Con (container), Pro (procedural), Ab (airborne), Cs (c
c NF (no MPs found), n (negligible concentrations on blank).
d Uw (ultrapure water), Mqw (miliQ water).
results (Dehaut et al., 2019), whichmust be taken in serious regard as it
can bias the quantification of MPs and further interpretation of their ef-
fects (Hermsen et al., 2017; Nel and Froneman, 2015; Woodall et al.,
2015) (See Fig. 3). Therefore, rigorous and standardized quality assur-
ance and quality control measures must be applied during the whole
experimental process in order to improve the quality of the results
and facilitate comparison with other studies (Wang and Wang, 2018;
Zarfl, 2019).

Among the studies consulted, 83% (10 of 12) of them indicated an
implementation of quality assurance or quality control measures (QA/
QC). That may look as a good percentage, nonetheless to make a further
assessment of the QA/QC measurements applied in literature, we took
into account the parameters established by Dehaut et al. (2019): con-
tamination from the operator, contamination from the work environ-
ment, contamination from used solutions and controls of
contaminations. The results are presented on Table 3.

With respect to the contamination prevention from the operator, the
use of inappropriate clothing can significantly bias the results of the ex-
periments as clothing can release plastic fibers into the samples de-
pending on the level of friction due to the activity being conducted
(Scopetani et al., 2020). Following this, 58% of the studies mentioned
the use of special clothes. Lab coats and gloves were used on 50% and
20% of the studies respectively. The majority of the coats used were
made from cotton. Only one study used non-textile caps to prevent con-
tamination with human hair. No further indications or details of the
cleaning and storage of the laboratory clothingwere given, even though
they can also be contaminated during the cleaning process on washing
machines (Dehaut et al., 2019) or due to airborne MP particles.

As a complementary practice to reduce the risk of contamination by
the operator, a “sticky roller” can be used to clean the lab coats (Bråte
et al., 2016). Dehaut et al. (2019) also suggested the usage of protection
boxes to store the gloves and a cleaning procedure for them using fil-
tered water/alcohol solutions or compressed air. Compressed air can
also be applied to clean the lab coats, and coat cases can be used to pre-
vent contamination of airborneMP particles. Woodall et al. (2015) sug-
gest the usage of boiler suits and keeping laboratory clothes in
laboratory environments. It is recommended to use polymer identifica-
tion techniques as cotton clothes may release more fibers than clothes
made of synthetic fibers (Scopetani et al., 2020).

Regarding contamination from thework environment, there are two
aspects to take into account: the facilitywhere the study is being carried
out and the materials and equipment used (Dehaut et al., 2019). The
ubiquitous presence of MPs increases the importance of special loca-
tions to avoid contamination from airborne particles. Only two studies
(17%) mentioned the use of a special location, a fume hood and a labo-
ratory deemed for MPs only. Apart from using a fume hood, Zhang and
ning & risingd Sample
cover

Reference

HCl (20% v/v) rised with Uw – Y. Zhou et al. (2019)
Yes Corradini et al. (2019)

red de-ionized water and 35% ethanol Yes Piehl et al. (2018)
– Liu et al. (2018)
– Chen et al. (2019)
– B. Zhou et al. (2019)
Yes Zhang and Liu (2018)
– Scheurer and Bigalke (2018)
– Álvarez-Hernández et al.

(2019)
– Fuller and Gautam (2016)
– S. Zhang et al. (2020)
Yes S. Zhang et al. (2018)

leaning solution).



10 D.C. Dioses-Salinas et al. / Science of the Total Environment 730 (2020) 139164
Liu (2018) also covered their samples with aluminum foil. Other three
studies covered their samples as well with aluminum foil, glassware
or petri dishes, being a total of 33% of the studies that covered their sam-
ples when not in use.

The reduction of air circulation, the filtration of air on theworkplace
and further analysis of the filters, and the use of clean bench setup have
been suggested by authors to reduce contamination from airborne MPs
particles (Wang and Wang, 2018; Wesch et al., 2017; Zarfl, 2019). The
results ofWesch et al. (2017) indicated that a clean bench is a better op-
tion than the fume hood to reduce MPs contamination.

Most studies limited the use of plastic labware and tools and when
not possible, controls were implemented. With respect to cleaning
and rising procedures, 42% of the studies mentioned the implementa-
tion of such. Ultrapure or MilliQ water were used in 50% of the studies
to clean equipment, tools, containers and instruments.

Regarding contamination from reagents, only 17% of the studies fil-
tered their solutions using 0.45 μmmembranes in both cases. The filtra-
tion of the solutions used in MP studies is strongly recommended to
remove particles that may contaminate the samples (Dehaut et al.,
2019; Bergmann et al., 2017; Woodall et al., 2015).

At last, with respect to the use of blanks or controls, almost all stud-
ies that implemented QA/QC measurements used at least one type of
blank. Nevertheless, the quantity and type of blanks used varied
among studies. 33% of the studies usedmore than one type of blank dur-
ing the experiment. Procedural blanks and positive controls were used
by 33% of the studies each. Solvent/solute blanks and airborne blanks
were used by 17% of the studies each. Concerning the results of the
blanks, 17% of the studies normalized their results by subtracting the
MPs found in the blanks for every sample batch with the ones of their
blanks, 33% just presented the average results of the blanks and 17%
did not find MPs on their blanks. Importantly, three of the four studies
reporting the average MP concentration in the blanks found negligible
concentrations on them.

There are no fixedmeasurements for QA/QC purposes for MP exper-
iments in general (Hanvey et al., 2017; Wesch et al., 2017; Zarfl, 2019).
Even though themajority of the studies consulted presented somemen-
tion of QA/QC measurements, these focus mainly on the use of blanks
and cotton coats, leaving aside important measurements identified by
other authors (e.g., filtering of the solutions used, use of clean bench,
covering the samples when they are not in use, air circulation restric-
tion). Implementation of a unique standard or protocol for contamina-
tion prevention on MP experiments is of great importance, as it will
allow the comparison among studies and achieve accurate results
(Hanvey et al., 2017; He et al., 2018). Further investigation of the best
techniques to reduce the risk of sample contamination has to be done
in order to complement traditional methods, as they have been proven
not to be sufficient to reduce contamination of the sample (Wesch et al.,
2017).

5.4. Novel method alternatives

Fifteen studies presenting novel analytical methods applied to soil
samples were retrieved. Among the studies consulted, promising tech-
niques for MP extraction alternatives and standardization were pre-
sented, along with straightforward techniques, like hyperspectral
imaging, vis-NIR spectroradiometry, and techniques associated to ther-
mal degradation. Here, we reviewed and discussed the alternative
methods available in literature.

Several authors developed new promising methodologies for the
isolation of MPs in soils. Liu et al. (2019) created a circulation system
that includes a floating solution of sodium bromide (NaBr) for a high-
speed density separation after H2O2 digestion. This process proved to
be highly efficient and significantly reduces reagent waste. However,
Hurley et al. (2018) noted that performing the oxidation process of
H2O2 after density separation is inefficient, as many MPs trapped in or-
ganic matter are lost, as well as showing difficult visual identification.
Han et al. (2019) improved the floating solution by proposing a satu-
rated mixture of 99.5% calcium chloride (CaCl2) and 99% NaI, followed
by a 40-s aeration step and vacuumfiltration of the supernatant. Results
showed that the average recovery of different polymer types ranged
from 78 to 100%. In order to remove organic material, digestion with
30% H2O2 has been applied in various studies (Li et al., 2019; Liu et al.,
2019). In spite of this, Hurley et al. (2018) observed that H2O2 at 70 °C
may degrade the mass (−26.7%) and size (−33.4%) of the polymer
PA-6.6. Moreover, the application of the Fenton reagent as described
by Hurley et al. (2018) generates an exothermic reaction, potentially
damaging MPs. Mani et al. (2019) developed a method using castor oil
as an alternative for a safe, environmentally friendly, fast and cost-
efficient MP isolation. According to Mani et al. (2019), soil samples
were placed in a separatory funnel, 100 ml of distilled water was
added, and were shaken by hand for 30 s. Then 10 ml of castor oil was
added and allowed to stand for 15min. The irrelevant part of thematrix
was significantly reduced (95 ± 4%), along with highly efficient poly-
mer recovery. Importantly, S. Zhang et al. (2018) indicated that a
3–5 s heating at 130 °C may facilitate the identification of low-density
MPs. In general, the studies consulted agreed that high-density solu-
tions are the best alternative in achieving the highest MP recovery
from soil samples during floatation. Some alternatives were suggested,
among soluble saltmixtures, reagents and oil. For light densityMPpoly-
mers, distilled water may be sufficient (S. Zhang et al., 2018). Some
high-density solutions likeNaImay also promote thefloatation of impu-
rities depending on the sample characteristics, thusmultiple repetitions
may be required to overcome this. The selection of the isolating sub-
stance must consider cost-efficiency, handling, MP recovery rates and
possible damage or loss of certain polymers in order to avoid biased
results.

Shan et al. (2018) investigated hyperspectral imaging technology,
image processing and chemometric techniques for the detection of MP
in situ The results showed that the support vector machine (SVM)
was the most applicable method to detect white and black PE in the
soil, with accuracies ranging from 58 to 84% depending on size and
color, while being able to distinguish plastic particles fromother organic
objects. However, this technology is limited to MPs ranging from 0.5 to
5mm in size. Hence, this methodmay be appropriate for a first baseline
assessment on surface MP contamination.

Two of the consulted papers applied vis-NIR spectroradiometry
technology to assess MP in soil samples. Corradini et al. (2019) used a
portable spectroradiometer that works near the visible-infrared range
(vis-NIR) to rapidly assess MP concentrations in soils, although only
was able to identify MPs at critical points of contamination. Likewise,
Ng et al. (2019) tested the same vis-NIR spectroradiometry method,
but in order to predict the presence of MPs in the soil matrix, a
convolutional neural network (CNN) model was proposed as a regres-
sionmodel for soil properties predictor using spectral data. Thismethod
was, however, unable to classify PET and LDPE MPs accurately.

David et al. (2018) and Yu et al. (2019) used thermogravimetry-
mass spectrometry (TGA-MS) techniques to quantify the MPs. Yu et al.
(2019) coupled a FTIR to the system for MP identification. The samples
were pyrolyzed by TGA and the gaseswere identified by FTIR, adding se-
curity to the results as temperature profiles, and absorption spectra dif-
fer between several common plastics. Dierkes et al. (2019) developed a
method that combines extraction with pressurized liquid extraction
(PLE) coupled to GC–MS pyrolysis for the quantification of MPs. MP
(PE, PP and PS) recovery reached N80% of efficiency in soil and sedi-
ments matrices. The analysis revealed high statistical uncertainties
due to the non-homogeneous distribution ofMPs, as seen in other stud-
ies (e.g., Dümichen et al., 2017; Ng et al., 2019). It was recommended to
completely homogenize soil samples for accurate results. Dümichen
et al. (2017) and Watteau et al. (2018) developed a thermo-analytic
method as the first step for the identification ofMPs. In themethod pro-
posed by Dümichen et al. (2017), soil samples are subject to a complete
thermal degradation. The polymer samples are identified by means of



Table 4
Summary of the baseline consideration for extraction, polymer identification and contamination prevention processes. If no desirable consideration ismentioned, theminimum is treated
as mandatory.

Process Element Minimum Desirable Avoid

Extraction Organic digestion Reagent KOH, H2O2 – HNO3, NaOH
Temperature b80 °C 60 °C N80 °C

Density separation Reagent NaCl NaI, CaCl2 –
Filtration Pore size ≤20 μm ≤8 μm N20 μm

Polymer identification Spectroscopy Percentage similarity threshold N75% – ≤75%
# of particles analyzed 10%a 100% –

Contamination
prevention

Prior sample treatment Filtration All liquidsb – –
Cleaning reagent Pre-filtered water Distilled/Ultrapure water Tap water

During process Materials and tools Glass, metal – Plastic
Sample and liquids Cover when not in used – –
Work environment Clean surfaces, reduced air flow Fume hood/laminar flow cabinet –
Clothing Latex gloves, cotton lab coat 100% cotton clothing, nitrile gloves Synthetic clothes
Blank Procedural, airborne – –
Blank results treatment Report, normalizationc – –

a The selected sub-sample must be representative of all MP types while giving priority to the smallest MPs.
b Pore size must be smaller than the one used for sample treatment.
c Subtracting MPs in blanks from raw data matching type and color.
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thermal desorptionGC coupled toMS. Thermal-analyticalmethods pose
a promising alternative for a fast MP identification and quantification
straight from soil samples, although many frontiers and challenges are
still to overcome in order to come out with a fast, integrative and cost-
efficient method.

6. Knowledge gaps and recommendations

Only 25% of the studies specified the taxonomy of the soil where the
samples were taken and only one specified the texture. The importance
of this remains on the efficiency of the extraction and identification
methodologies as presented above. Moreover, soil characteristics can
help to explain the results of environmental assessments. For example,
it has been experimentally demonstrated that soil texture has a direct
influence on MP transportation (Li et al., 2020a, 2020b), along with
other soil characteristics, such as organic matter content, ionic strength
and water saturation (Xu et al., 2019). Thus, reporting the soil texture,
taxonomy and physicochemical properties is necessary. We suggest ap-
plying the USDA textural classification system as it is the most widely
used (Yolcubal et al., 2004) and most suited for agricultural soils. Re-
garding soil taxonomy, the US soil taxonomy classification system as
in Piehl et al. (2018), Zhang and Liu (2018) and S. Zhang et al. (2020)
is recommended.

Few studies evaluated the presence of MP on different soil layers,
most of them having a sampling depth between 0 and 30 cm (Xu
et al., 2019). The necessity to evaluate MP transport and distribution
among soil profiles considering shapes and sizes have been addressed
by Zhang and Liu (2018) and Corradini et al. (2019). Possible affectation
of the shallow groundwater has also been suggested by Piehl et al.
(2018), making this subject of major concern.

The current knowledge is not enough to portray a worldwide over-
view of MP abundance and distribution. Site-specific MP sources are
key to prevent and monitor MP pollution. However, there is still signif-
icant uncertainty regarding occurrence, distribution and fate of MPs in
the soil ecosystem around the globe. The lack of standardized protocols
was pointed out as one major frontier. Thus, a set of baseline consider-
ations (Table 4) based on current literature and previous research was
described.

7. Conclusion

MPs are a ubiquitous contaminant in terrestrial ecosystems poten-
tially causing ill effects on soil biota and altering soil properties. Here,
we made a comprehensive summary of the abundance, main sources
and distribution of MPs in terrestrial ecosystems. The current available
literature regarding the presence of MPs in terrestrial ecosystems is
very limited. Thus, requiring further substantial and comprehensive re-
search at a global scale. The MP assessment process, including MPs iso-
lation and identification, were described in detail. The whole process
must be accompanied by contamination prevention measures in order
to assure the accuracy of the results. As no standard protocol has been
established, the methodology applied differs significantly among stud-
ies. Thus, results are not compatible and difficult to compare. Hence,
we established minimal and desirable conditions for the entire process
and considerations for different MP parameters (morphological and
chemical characteristics). The knowledge gaps identified are regarding
the influence of the soil type on the extraction efficiency, vertical distri-
bution and fate of MPs.
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