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Extended Abstract

Background and Objectives

Plastics are indispensable to today’s society due to their extensive use in various aspects of daily life.
However, improper disposal methods have turned plastic pollution into a significant environmental
issue. As the abundance of microplastics (MPs) continues to increase in the environment, their presence
in agricultural soils has attracted growing attention. MPs can alter soil physical and chemical properties
and be taken up by plants and soil organisms, leading to both physical and chemical damage. When their
concentrations in soil exceeds a certain threshold, significant ecological harm may occur. Therefore,
reliable extraction and identification of MPs in soil are essential for assessing pollution levels. However,
because soils contain numerous particles similar in size and density to MPs, distinguishing them is more
challenging than in aquatic systems. Currently, no standardized method exists for quantifying MPs in
soil. Although various extraction and identification techniques have been proposed, they differ
considerably in sampling, purification, digestion, and analytical approaches.

Review methodology

ResearchGate, Scopus, Google Scholar, Web of Science, and ScienceDirect.com were used as sources
to gather information for this study. These database sites were preferred because these sites are the most
complete and contain the most prominent and important research publications. The major search term
was "Extraction and identification methods of microplastics". In this strategy, 45 articles published
between 2009 and 2025 were chosen. Furthermore, the relevant studies cited in the above publications
were examined.

Results

Extraction, identification, and quantification of microplastics (MPs) from soil samples are reviewed in
this work. MPs identification and quantification require accurate digestion of soil organic matter.
Density separation methods are more efficient with high-density solutions, especially for small-sized
MPs. Since soil types and polymers differ, digestion methods and density solutions need to be carefully
selected. Regarding reagents, the most commonly used for removal of organic matter is H,O, at 30%
due to its effectiveness and low impact on polymers. However, in samples with high organic content, it
is often combined with Fenton’s reagent or enzymatic digestion. For low-density plastics, NaCl is the
most frequently used because of its low cost and low toxicity. ZnCl; is preferred for recovering high-
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density polymers, as it can be reused multiple times without losing efficiency, despite its higher cost. In
terms of identification and quantification, both Fourier transform infrared (FTIR) spectroscopy and
stereomicroscopy appear to be widely used. However, the current measurement units of particle count,
or particle count per unit soil mass are not adequate to determine MPs concentrations for risk
assessments. Mass-based quantification should therefore be developed to further assess MPs occurrence,
calculate removal efficiency, and estimate MPs movement in the matrix. Even though previous studies
cannot be compared and analyzed in a straightforward manner, it is evident that a recovery rate test
should be included in the validation process. In addition, digestion methods should also be tested to
assess whether microplastics are altered or degraded.

Conclusions

Integrated extraction and quantification methods may permit the development of standard soil MPs
assessment protocols. We believe that the following aspects need further investigation: 1- At present,
the extraction and identification methods of MPs in soil do not accurately extract and identify MPs, and
the content and type of MPs in soil are unknown. Therefore, future research should strengthen the
extraction and identification of MPs in soils and plants to understand whether NPs can enter the human
food chain through soil. 2-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. 3-There are few studies on the source and fate of MPs in soil.
Understanding the source of MPs in soil can be controlled from the source. Microorganisms can degrade
MPs in soil, which is significant for microorganism's proliferation that can degrade MPs without
adversely affecting the agricultural environment. 4- Designing a standard procedure that is fast,
convenient, and practical for MPs extraction and identification that can be used to analyze the source of
MPs in agricultural soil and the degree of soil pollution, thus improving the soil environment and food
security.
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2- Polymethyl methacrylate
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1- Acrylonitrile butadiene styrene

2- Polycarbonate
3- Polyamide
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1- Attenuated Total Reflection — Fourier Transform Infrared Spectroscopy
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1 - Magnetic Seeded Filtration
2- Hydrophobicity
3- Silanized
4- High-Gradient Magnetic Separation
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Sample Preparation Stage 1 Stage 2 Stage 3
Re-suspend soil in ethanol

§

%

Electromagnet
Electromagnet

Electromagnet
Electromagnet

Filtration
Filter collected material
to obtain the recovered
microplastics

Add the modified iron to
the non-magnetic
fraction (10 min)

Pass sample through
electromagnet and retain
non-magnetic fraction

Pass sample through
electromagnet and
retain magnetic fraction
containing recovered
microplastics
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el SE IS0 5 Pt (V1)) M) SEIS 5 Jsiie LS5 Jobt Y 50 SOT S ) Base Saw slads
Tasesl SISV 5 (PS) 0 oalusl L o(PET) @33 53 Gl gy so by o s5beslon (102 (Vi) Td s 5 Jsise 5 (Vi)
da,u AY B0 G golalas sudl K ula glas Bl el ok saliiil) e 5 ,Sae wis B iy wlyd 830l L (PLA)
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(Hunter et al., 2023) uis s & yalge INa i3 ds (s balaa ) pun (oSaiuadly ol 43 (¥
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O35 3 1uil (iale 3T cpl Hu i gad saliind S 5 @by 3 (PET) @Y olsl b 5 (PS) & nbie L
OIS 5 Jsibisssil Jold cosliie s b Vs 50 oS5 s 5w soliiond T ol g B3 5l wanSI
i B,IS a3 A BAG G GlaledT ol 5o hlalaa su3l.md, SIS @ LSRG Sue 35 s5lulos sl
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1- Hydrophobic Natural Deep Eutectic Solvents
2- Menthol and decanoic acid

3- Menthol and thymol

4- Polylactic acid
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s e 3ty 5 s ol3T (SEudly o3 spdiee el s alas) (SlKe slaol€is b ey b 53155 oo
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(s (ol o slas o slae (B8 1) ey oo Gl B8 (olalan 005l oSl Gl B Gal Gl 30
Ohas O3l boe (a3 S @ suny LSS 3Ll T puld 5 0 oo alaal Jslas 5 Sl @13 o
1o (a0 Ve + BAD) YL (oldls sudl wilgie 5 el onlin (M ulge 51 22 5 susnsy LSS s o350
L didsn @ilolia Ghoy it S5 @bise ssas U (LU et al., 2019) wS aal LSiudlys Soo ¢lsi
L slasandy s Sae oluslaa 5o Guly LIS iy Ol culae o Spee O (S ol ol e 55 plachs sass
Seeliagomas 5085 @153 tol ) wosl (PVC) Wl dis s L 5 (PET) YB3 5 oLl L wile YU (o geadie s
A 5o Hsaa (uiaaa (Hidalgo-Ruz et al., 2012) u s oo las uas 51 Sawds 5 wisls Sare olyd b ol
Sebs g sad slood olaasd o SEL 5 Sae Hulis) 58 Ga go Wil Bge Sbigus b S L8 5oy a3 5 JI
5 oboa (o9 oA n ooy wile el pd adla’s (S (s 9ew H) (Prata et al., 2019) s g £ At sl rals
OBalS 5 saaie B 4 sate Wlgee Lasielly (pl JSES pae 5 cal Bs (oletings dedls ilulaa (Lo
SEYL LU & plius @le Ysare oleBa Gy, cnl wnle 5o (LODEr & Gerdts, 2015) s st (s 515
RS 5 ela Busd oS5 plad s b (o gado asa gilalia wile olaghio,; b cwl ad¥ Glel 5 o
(Masura et al., 2015) (¥ Jgaa) Wb aul 530 2,5l

L. Circular extraction
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wuiSuunll Jolge aly 5o AT lse ana slags, wnasane ool 5 wle sl (Larrea et al., 2025) o s o
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(H202) wsSlys 039508 U slales 5 Lacdile s (Radford et al., 2021) o5 o gane (u saeules 4o ,0 0
Savino ) uas yuis 1y Gl goa ol @lyd Ky 5 aas (2alK 1, Lag T s3lwl wu Gu 511 (PA) wel L &l)3 w0l s o
(etal., 2022
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Hurley (2018) « sa3 ol sic 4 .(Pfohl etal., 2021) s, o 5153 LiuleaS) cpl 53l cas e bl s o LaassT L
O350 aou Ve Jlae b Slass 51 s 1y (w0 FV/Y £ YF/YF) asel b @l a3lal Ho o bl (als
ool Slaadle 51 50 G gad gla Sius Slilae bl i s sMe 0 S el Lo sealis daj0 Ve glos o aans)
Jold Lo S35 ol SlA wile glabuns ju yo s @l gula gladisad o Wiy oo slad @ Lagis, Gl Lo
Jliia) 4 ol (ol (o puadio o sa g PH ol)3 050l mad 58 ¢ T sule Hlalie sults (5ad 5 (bt Slis gad
Radford et al., ) wial LI€,806 al,d @olulan slagis, oS 5 ea s Bl b w5 o Jolse onl by
(2021
Oged Sy

558 L S 55008 sLaJISeol; coal (Fe*) 0aT slag, o b (H202) weasSl g 0,3 558 S 53 oS ' g3 28
(Savino etal., 2022) (\ Sl ) LS o il 5 YU Hliss SuiSuneS)

Fe?* + H20, — Fe** + OH+ OH ()

Sy 50 L sty o a3 slaal Jole <€ cnd (OH) Jeci€ g5 slaJlSaly loal pite weciSly 5558
Al Gl 4 ke pedidie da s B HRO2 olale (a3l o wias e olis Slalllas s sd e o peans (o 5T
53506 o) gie 4 (FE? Y gans) al 5s0 (Ortiz et al., 2022 ) 5 b so ol cu A5 F55 il sl dauis 5o yOH
OH wd g jSlaa (sl Ha02 5 Fe* (u diuge (Jso s 0 oo Jlad OH w5 (sl 15 H202 5 008 Jae
il 5 sl ol a5 (RaA L ulse dagl Gas 4 sate Wil e clinl glacid ol g0
£ 0 s cued (b Wi o ol st (35158 ¥ 50 VY- BVD (s Y sare FEH0n cnns «SandS ) 518
(PubMed, 2022) w5 & slite il 55 oo sl yit yslew 5 yoisls

ane 5o SIS ¢ g8 (Sl y ol (Slha BBOH wlss LIS 5 oal slag s sohuls 59 ((BS) g busa pH
swile 3L Jslas (FE* 5 Fe?) al slag s PH ool 5o waslo 1y (L8 csidin & BY sgan PH LY gane (sl
© ol slag s 0-F 51 YL pH s . (Bouzayani et al., 2024) uiS o =S 5 (555506 4a ja 5o S50 sba
5 80,5 5 game 15 HaO2 4 55518 ausiens 45 (Fe(OH)s wisle) wiiS o ososeuy sl (slansesS s puat &5 g
55b LUKl wl s (ESI, St s Lo (Bouzayani et al.,2024) sas o (2alS sas o 1, (Sl ol
L osadi oo OH w5 i e Gl d) el 1y cad oo Gilal 1 0558 GBSy e yow Y gane Lo il 531,13 0
Sl 31 U8 Ha02 oo 03323 45 sake cnesl (S (Gugpenlin 4n 50 7o 31 5300 Jaa) YU Sl slabos (Jls o
2l b oS3 5o (Guspelis aaju As aiile) 3G slalen 3 Lagia g3y AL aias (2al€ 15 su3l 5 sud al b
Siews Jalse pl 5 5ol £60 4 psd e Col Lol cilon S suliin) ASEL 5 She 5550 <033 sl bl
(Ortiz et al., 2022) s ,\s

T alse Baa 5 (NAOH (s (58 5L+ HaO2) (olils (355 5 05338 sl L35 59 3G Pfohl et al. (2021)
Loy Jolit KMy 5 Sao slayo gl S (obdo) 1 Sl s Sue slase b asa 5 LagT Jlaal 31

1- Fenton reaction
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5 (PBS) Teliae e oty (PBAT) ¥ 5 loasl ol (PLA) €Yl sl sadyos A
o9 48 uls L BT gl o g ("Sieady g0 5 Bl 5 el Jie) w3 g0 A3 ST L oS olase Ly
s a1 Lo e oy e5hail b € 5 (RS0 51 g AT silasils iile (3L 5033 G s La el SI 058 (B,
Sl Sl (M ol ge B SLIE (Eg 5 5o ol (T olge B3a 50 350 5 Gl e by SIST (sl 5588 (0l s
OEALS 4 saie a8ly 50 4S wass caneul (PLA) wiiSY (65554 daso b (A Lol o (5L (SauSusns) o ,08)
09 ol uliels pdycn saienw )y slasely sl Ghss el ol el ca S s Ho s s8a ulanl 5 ey Slute
ad bin ols pliand 5 (S polsa s waibe Ll ulys ool s (PU) LigBos L 5 (PA) weel L <l
.(Pfohl et al., 2021)

lb(’.’w,w}g

Ssne s 5l la ya K KMl 5 S (s5bulin w3 5o (S208) Ll gy alicu g S T ol g0 Cada
suniSusnS) Jol ge ol i & (Ol gun sy arcally b maa aile) Laolad gou 5y ol £loA00) slagh g, @is § QLIS
Lol 5 S solesin 5 (ol (o 1) LagyT alis s st slasl ile (I ulge 323 b g 80 S Jae (558
Ad ) e seads ST alge Bia o Laelad sy Jae sla,lS 50 (Sharara et al., 2025) s o b b 4
SIS el 58 Gl 531 g el Lol caiieus 5 58 (slasaiiSuncaS] L3 4 LA &l e g 0l T slaJsaly w55 .3
ol slag s ssda L (UV) (il 55 e S 3aob 51 il e g5badlad gl ool (oladlad 4 5l wsa
Sl e JISGal5 wiile (550350080 5 Sl IS, G Lol s siludlad 4auis 5o .0 pd alast (FE? wils)
(Sharara et al., 2025) s s oo Jsu3 (OH') oS 55008 JISol, a8 5 (SO47)

8208+ Lo & —YSOs™ Sohoa 6obalas

S:0¢* + Fe** — S04~ + SO + Fe? (0 wiile) o3l o3l las

Sl s go 4 dhon 4 5008 5 8053 el 508 [l (il SIS0 5 032 54 T SISl cpl i AT ol go GialsI Y
@l 5k 3ok 5 YIS, Gl s (sosla 5 ALS L (s sa wils) S 5 usa g0 sy I
I slad sl Hlale Gluss sely @lSos gladisy 0 0usX b o3uoae w31 pl5Bl sl Jlml asbe
.(Sharara et al., 2025) & s oo

oo Sdslae 5SS SLS 3 0 1) sann 5 S50 T slad sSse il wl )3 Tl g B3a 5 4323 Y
0L oad 4523 Sl Gl i e Jaass (H20) O 5 (CO2) araaSlisn oS wile ol ¥ pummo &0 Ja b
(Sharara et al., 2025) uiiS s slasl JAISS (ghlalan guns Jal o 5o b gl o it S ) sl
Sbonisigd sis

UVl 55 (TIO2) wsasSligs anlis sl olaciuwlBIS 51 soliial o (558 - 558 wile oliand 5598 slaghs,
Al 8 S 5 (ol o (Piazza et al., 2022) wias oo Ginl 38 Jsare G5t 4 a1 GlolaS) sad 5 e e
5 B oo ST Al 4 Lag g Gl K i 1 55 5 (Bl slag s i w5 W5 e 0508 5 SendBIS 538
oad Lial FE™ .0 gi o 0 5138 slaaulé b Jlad 5,0 solwlan 4 jaie «S wias o (RalS et G Fe¥ 511, o]

1- Polylactide

2- Polybutylene adipate terephthalate
3- Polybutylene succinate

4- Thermoplastic polyurethane
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wadien (I lad S so s A5 4 aie S s e Gl 31 (OH) 558 JanS 508 IS0l e il 53
(V Joan) g oo 38,5 I3 50 4 pm 0 08 5 SRS BB e T ISl & 558 538 5 ¢ 508 slaail 8 ol ol
.(Piazza et al., 2022) (Y-0 sla i< )

Fe?* + H.0. — Fe** + OH+ OH" ()
Fe* + H.O + hv— Fe?* + OH + H* (Y)
Fe (OH)** + hu— Fe? + OH )

gl pad Cilicko s gy 39 (JT oobo B> (1,15 awslio
JolS Bia o ol (e Lol el Sonlio Lase ly (S5 oL Bia I 51 e & (H202) waeSl s 55,000
sno oanal G Jgwjls I sole G3da Ho 65YL LIS G ans (Sl (ol Lo aal SISE T sule
SShaa 1y T sule iia 4p S0 el K530 aiile (553 Lo (sLassii€uncuSl 3l suliionl .ans po il 3 15 La e Ll
obso S (Gl by s ulie LSy 5 5See gloatal sl ey wad o a5 o Lol cibes s e
S5 b o (slaa o g5 led 5 0 alasl ua el 5 (AT sals (loas i 50 .55 Gulead 53 il slasasS) aua
(Hurley et al., 2018; Prata et al., 2019) & s oo daem 53 o ks Lia 5 M sule Bia o Jolad 4 by 5l
il 5 S e 5 558 0l S ol e (Sl sy panlly b e & pnts Y sane) Slil pou
Slalles oS aal s Layo s clel Ho wad o a3 ulsl oo 1y AT sule 550 Bia cral ol (g, ool 0sd oo
Lasoisly (SaoliSs ia 5 T sule Baa G (553 Jala (0508 b aunlio s 0ldl san iy 4 a0 o Ol 5l
(Tagg et al., 2017; Hurley et al., 2018) ol cslio T obguuy 5 S slads sai (sl 85050 5 23S g0 ola]
siSunS) ladlSul) aglae w93 4 oo ((Se by QIS 59 (B 5 o418 GESTy LSS L GRS BB,
Sl OBy Ol aas e Glas salansS) lagigy Glae so ly T sule Baa ju ol 3L dadl Ju 5 3 g oo
a5l canl age w155 oe S5 Ll b (YL Suid Lol ol 550 Db (T alge 3 A8 Sl slalass
S 5 08 (o8 Slomad O Gl ssesdle upd LSILL  See abae (5535 5 S5 S dase b 4
[(Prata et al., 2019; Li et al., 2020) & g g0 © seuno Sh5, Ol Loy sans 51 ol

2 0538 Giyae s NaOH H:02 (30%) <H:SOwH:0: (1:40) auia Jslae ,len 3! Yan et al. (2023)
oo ] s s S 4 Lase gl 4 ] Gloae 5 sad aaa (T sobe wa s o e 4 T olse Bia
FA e 4 Gusnalin a0 Ve 5o wem s A1) T olse auia (lise skt H2SO4H:0: (1:40) (A JS) a S
YA Sae 4 Lo gacales da 50 Ve (glou Hu egainan uls GLlis @l bl yd Hu lad slae pulas b dwslBe Hu ;) (el
i (sl 43S (i Ol 4 S5 Gl S alaal 1) Dl Ko S 5 See 4 o] S el
AT Slse peid oo (S s 3T HR0: (30%) (A JS) at Sl LSl 5 Sue 0 uenl €S 1 (T 050
550 5T el NaOH g 4o 55 L Kol 5 Sie 0 cowl olae linas Ll ity HaSO4H:02 4 s
Ciyne Gty ol PET (gl 5 ad Ssslin (215 31 80 4S 0t PET jally JolS aisia Gupes 5 o
B a5 oo 4 b (Gugmenden 50 Fe ) Loa Hl s JUES) Y ool a8 5 wadd (aS1y Sl o536
Hz0: (30%) « s (PE, PP, PS, PET) Lol 5 ,Ses 0 4o 53 Bl Sty a5 (sam 0 FY/A) T ol 50 oS
wa S
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@ Digestion rate of soil organic matter (RSOM) @ Digestion rate of microplastics (RD-MPs)

(%)

ol Ol 5 Y

LUl w5 case 5 00 S Jlad 1) GRalus) gla e H lag s cbile (38l b T 5 Sose slanl
55018 550538 s Laril b o (FS08) el S5 sl g lag)T s 5 ipud g0 OH™ wils sloniSunecs
5 el S5 el law sy w a3 5o YU Sai€uns) o,u8 Jlads (HNOs) wl S5 s gleu yins
S50 S 4 GBI 5 gladul b S8 ) 5 lacunlBIS mlas Olal (gl S (HCH) wal S5 5K 5 0a
S o I ol se ann (sl suliial o) 50 slaasl op 5l (Avio et al, 2015; Ariza-Tarazona et al., 2023)
a5 Ve el SIS 50ua ) 40 LKua (Blasing et al., 2018) it (HCH) wacsl S K5 5008 5 (HNO3)
s 530 Hsbods Wil 55 oo (568 dcul il (6 RS pias 31 iS5 5o G cud ks soliial asla Gl sie
Scheurer and .(Schrank et al., 2022) s g o3 4o 55 AT 5,500 8 5800 0,33 Jalots Lol wiS aa 1, T
wio 53 4 sl K5 68l ew (NAOH) ws 53 0+ weiS 55008 s (KCIO) was 5 VY &l K sl Bigalke (2018)
el K530 4 w8l 8 5 DS GlaledT (Ml e Bia sl 15 (H202) w50 Yo sl 3 55ma 5 (H2S04)
S e w33 1, (PA) wel L 5 (ABS) V¢ ubial (poligs Jssin sl ST (PET) o¥Gs 3 olsl L ol,3 (HNOs)
5 s 4 Schrank et al (2022) .(Scheurer and Bigalke, 2018) wiads (8da sbuw (S @lyd () s )
PS, PC, PET, ) La o L 5) g5 it a5 coneal (500 53 NAOH 5 H2S05 ¢HNOs s J slas s il 531 dylie
S US55 4S ulo ol (LT i (Ve JS8) WAl 5y sl was 50 &5 50 4 (PABG, PVC, PUR, PE and PP
I, (PVC 5 PUR ¢PS PET PC PA) La o ls 5 anuy Aubs i€ o soliind YU slales 5 558 slanl 5
SPC &l (Ko 555 (il sla sloe oS a0 i st o Lag, T snd o p23 taels by i o o JolS sy
(A USa) wisles s ol PET

1- Acrylonitrile Butadiene Styrene
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Digestion rate of microplastics
(Schrank et al., 2022) guilaswus) acsa Slide slaghg,y jo L po s do corcal Of jue dewlio -4 ISk

Sk ol 5 ¥
OH slag s wbile (158l e sdle (KOH) aauS g 0an aaslsy 5 (NAOH) wansS s ousa pyaes wiile 558 sladls
Il b ol ey o AT 59w g0 manes gl e Lase gl aslie (sl g cild 5 SSIGT G e
0% oy 805b YL bl Juloas (KOH) waS 55008 aaslly S e o el 5330 (PS) bl s 5 (PE)
o8 5 aoa JUE 0 e b 55 (NHaOH) e g ouan o s sal oo o L (PP) ol g on by (slacs s (st
.(Peneva et al., 2025) (V Jgaa) oS o sl | anlBIS 518 glaaul 3 oK dag o g ndada

il 1Ly (PP) ool 2ok PE) Il ol Sty s Sao olyd (s5lealin sl Yan et al., (2023)
Uslae e 31 S 31 SiagsSae v BAOF o cslonhasl b (PET) ¥l olalL 5 (PVC) sy Uik «PS)
ST osle aian Jolao Hlen 5 (L G295 5 15K 255 Jolit (3255 Jslas 59 5 2K 555 Joslas) il b
WSl G550 wosa ¥ Jolae V¥ eaa cund b aad S5 08 g 5 aaSThy 05508 2S5 Jsla)
2 paa sladslae 51 S sa Jlaial oo 35 gla il (ainan oo S sl (0508 SaiSly o wanS 50 asa
(ZnCl) w K (555 Jslase 51 suliinl «S uls plas b (Yan et al, 2025) s S 5158 Lol o) se Laye L gl 5l
Lok 09 (@YU Ll 803L (o3l sl las Ol sieds S Sle Bl 5 8 SV ) Gl peseeds poa b
s 2o y3 A8 G AF/Y sugane 50 PET 5PVC PS PP PE (sl s3lulon 3 4S5yt ccnatls Lol
Lol 5o Lok sadl 5 wals plas (Je8dhls o Slae 50 bgaw 0255 5 15K G255 Jold 3255 Jslae 59 el
Jolae 51 soliind (T sule acan (iAs 5o iad GBI wamyn Vo F/V=Y s 9 VAV/Y=Y Y s gane 5o Ll B4
aielis YA caedy ugpenlas a0 Ve glos 50 V¥ panas ol b waa) S5 58 e 5 aaalSl oy (50008 (2S5
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