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Current status analysis of microplastics separation and detection technology in environmental media SHAO
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Abstract: As a new type of pollutant, the microplastics have attracted widespread attention both domestically
and internationally. Current research primarily focused on the sources, migration, toxicity, and other aspects of
microplastics. However, detected and quantified microplastics accurately presents significant challenges due to their
small particle size,diverse pollution carriers,and their ability to easily migrate in various media. Therefore, there is an
urgent need for qualitative detection technologies that are accurate, efficient, easy to operate, and universally
applicable,as well as low-cost quantitative technologies. This paper aimed to summarize various separation and
detection technologies for microplastics in different environmental media. The advantages, disadvantages. and
applicable conditions of different technologies were analyzed and compared. It was pointed out that there were
significant differences in the detection results of microplastics in different environmental media by different separation
and detection technologies at present,and there was a lack of standardized separation and analysis methods, standard
sample libraries, efficient separation techniques, and accurate quantitative techniques. Therefore. it is necessary to
establish a standardized and unified separation and detection methods to provide reliable technical support for the
objective assessment of microplastic pollution and its potential impacts and risks.
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Table 1 Effects of different digestion methods
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Fig.2 Percentage of microplastics detection technologies
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Table 2 Comparison of commonly used microplastic testing techniques
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Table 3 Example study on separation and detection of microplastics

FE i L= WIRIS I 7 25 J o bt %7 SCHk

O aE 9 S - e o MY 2 .80 % (PET) .72 % (PVC) .

AR 5 g WL R AT 6 E vk O 2 s 88.10 4/ ke [52]
BOBREF 8 L, 980 A /kgs KT, 610 A~ /kgs 18 7

BRI I e s e LG % 140 1/ kg

i W IRE ORI B i %, 31%PE. 103 PS, 4% % & . 3% PP, 3% PVC, L
3URA LR L
TR R B U OF R 4 4 ol (256.7 £ 62.2) 1 /kg, K

ER(= 2912 O ANE SR N B E 4% (NaBr % £ (190.0 £31.2) A4~ kg, T AR (155.0 £ 95.2)

ESAER Lt PN abr i\ FTIR A kgs R H AN (136,641 4 kg [5]

+ 4 ! HA,40% PP.35.5% PE. 15.6 % P 4 f2 . 6.7% PET #l
2.2%PA

A S S v b e ¢ HUsE k. TR 28 [l %K . 96.1 %0 = 7.43 % AT LA [R] g 2 # TA 1Y

ek B A i WE DT AR L GEAF D FTIR B [22]
i F oK TG K MR PP(37.3% ~50.3%., 0.117 ~

YLV PE A M Kk Ak I M (Ho O Py-GC/MS 0.389 pg/L) \PE(27.2%~30.8%, 0.088~0.242 pg/L) (457

Tk HER. ) Y BT K 3 BG4k Bk PP (34.3% ~82.9%. 0,014~ )
0.108 pg/L) \PE(0~44.0%, 0~0.070 pg/L)

IH 4 L ¥ o i A7 390 F1 MR P T 92% 9 10~ 20 pm PE F1 PS. 93%

YR B &K FRIR BB 9 ok B S >1 mm ¥# (PE.PET.PS.PP.PVC. B & M), Mk [537

K. ok fhEATEW BD IR KRR 4> R T 84 % A 78 % 9 200 pm 1

7K mm A ¥ (PE.PS.PP.PVC, R &)

ARSI T PS B

Bk ICP-MS

PS OB e S Al iod B b 3R B P A RO R B

M5 pm B/NE] 1 s BORCECHK S RN T 3 £ [51]

FI AT A7 AR 22 X0 R 2R 4T 5 1 % S A6 T Y
ST B A4 0 15 T 36 ARSI B A AN AR [R] 45 i 1
BERALTCIEMER LB (L3R 3D, A& 48— i Y
BRI AR Sy e S R T G TR AR Al

3 HRERE

] P o 2 2 R OB B4 2 R A T T L 28 A
TEAFOI AR — 2Tk el 1™ M B B A
ek B2z AR L I I T A T SR i 5
FI g 1 fifp R0 1 D00 Bl 2 6 14 0 A RS o 443 T
(R AT R SR P T A AR B )R HE B R
WA

(1) FESLARMEAL N BRI J7 v . i T RO R R
PR EBOAN [) S A [l 52 A 9 20 B 45 RA7 A 22 S PR
R o DRI A 9 Al 14 2 5 G 0 077 3k X R A [ K58k Y
AR E R E R, S A B BRI R
Oy BRI — AL B ARAR R

(2) M ARERE . R HETC 24 2 M i
PRRL Iy BRI H AT 2 T (E R R T R U
Ao it Ak LS 7 v A D T B 25 S L AN TR S S R 22
[F1) 147 L 65 0 6 DR 7 743 0 2R 2 B S I 74 31 1)
ZERAG —  WXERAFAE R R 22 5. B or 4%
THILHL LA TN B AL KL 20 1 25 4 25 45 fiE Y
LR ARSI A B

(3) RIERES BRI A . Tk
FEARTEIREE A BT rh B Z A BT 4% 09 4 o, TR 7E
Sab 3B BT R e LA A K R TR AR R
SOMIBREE A TP R Rl EARAG

(4) B JEAER, BN OB R e iR . AN R A
FEE TR EERAE BT R R R AR A5 R
[ 11 b A 0 AT S 27 B BR A R S P AR AE Y — 2B R
SR 2 4 o H A A ALY AR 1T R 2 5 BB R R TR
AT BORE L 3 20 P 22 4B 25 % Aok 9 ) 1) ki) f8E 1
WAR KFE W, HIETF Py-GC/MS %5 1) % 7 H AR L pl
AR 3T 1R B R BRI T SR Y PR R DA

R T R D RS Y ) L R R T BN R
XoF ol S 43 R W B AR ) AF 9 R K 1 SR TE bR
i AT = AN I 1T A W N R 2R S =X iR B
AR B0 T 5 WL PEA Bk 28k V5 G R vk 7E 52w A0 XL
[ N

e
[1] NAPPER I E,BAKIR A,ROWLAND S J,et al.Characterisati-

on,quantity and sorptive properties of microplastics extracted
from cosmetics[ ] ]. Marine Pollution Bulletin, 2015,99(1/2)
178-185.

[2] SBK A,NSMS A,MFI B.Microplastic pollution in the environ-
ment:insights into emerging sources and potential threats[]].
Environmental Technology &. Innovation,2021,23:101790.

[3] HAN C,SAHLE DEMESSIE E, VARUGHESE E, et al.Poly-

+ 135 -



WETEEHE

4745 F1H 2025%51A8

[4]

[5]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

propylene-MWCNT composite degradation,and release,detec-
tion and toxicity of MWCNTs during accelerated environmen-
tal aging[ ] ]. Environmental Science-Nano, 2019, 6 (6); 1876~
1894.
LESLIE H A, VAN VELZEN M J M, BRANDSMA S H.Dis-
covery and quantification of plastic particle pollution in human
blood[ J].Environment International,2022,163:107199.
LIU M T,SONG Y,LU S B.A method for extracting soil mi-
croplastics through circulation of sodium bromide solutions[ ] ].
Science of the Total Environment,2019,691:341-347.
I 2R T A% O WL B R G B Tk R I R b OB OB Y A Ak
(1. [ ERBERL 22,2022, 42(7) : 3285-3294.
BALLENT A, CORCORAN P L, MADDEN O. Sources and
sinks of microplastics in Canadian Lake Ontario nearshore,
tributary and beach sediments[]]. Marine Pollution Bulletin,
2016,110C1).
SRR TF o 22 AR 2 7K TR K R 8 TUAR ) v B0 R 109 %5 B2 4 9 7
BEHRFELI ] E PRI, 2022, 38(2) 1 147,
NUELLE M T, DEKIFF ] H,REMY D.A new analytical ap-
proach for monitoring microplastics in marine sediments[ ] ].
Environmental Pollution,2014,184.
LOTS F A E,BEHRENS P, VIJVER M G. A large-scale in-
vestigation of microplastic contamination: abundance and
characteristics of microplastics in European beach sediment
[J].Marine Pollution Bulletin,2017,123(1/2):219-226.
ZHAO ] M,RAN W, TENG J.Microplastic pollution in sedi-
ments from the Bohai Sea and the Yellow Sea,Chinal ] ].Sci-
ence of the Total Environment,2018,640:637-645.
WANG J,WANG M X,RU S G.High levels of microplastic
pollution in the sediments and benthic organisms of the South
Yellow Sea, China [ ] ]. Science of the Total Environment,
2019,651:1661-1669.
CLAESSENS M, VAN CAUWENBERGHE L, VANDEGE-
HUCHTE M B.New techniques for the detection of micro-
plastics in sediments and field collected organisms[ ] ]. Marine
Pollution Bulletin,2013,70(1/2).
IMHOF H K,SCHMID J,NIESSNER R.A novel, highly effi-
cient method for the separation and quantification of plastic
particles in sediments of aquatic environments[ ] ]. Limnology
and Oceanography-Methods,2012,10:524-537.
IMHOF H K, WIESHEU A C, ANGER P M. Variation in
plastic abundance at different lake beach zones - a case study
[J].Science of the Total Environment,2018,613:530-537.
HORTON A A,SVENDSEN C, WILLIAMS R ].Large mi-
croplastic particles in sediments of tributaries of the River
Thames, UK - Abundance, sources and methods for effective
quantification[ ] ]. Marine Pollution Bulletin, 2017, 114 (1)
218-226.
PHUONG N N, POIRIER L, LAGARDE F. Microplastic
abundance and characteristics in French Atlantic coastal sedi-
ments using a new extraction method[ ] ]. Environmental Pol-
lution,2018,243.:228-237.
PAGTER E, FRIAS J, NASH R. Microplastics in Galway

Bay:a comparison of sampling and separation methods[]].

136 -

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Marine Pollution Bulletin,2018,135:932-940.

CORCORAN P L,BIESINGER M C, GRIFI M.Plastics and
beaches:a degrading relationship[ J]. Marine Pollution Bulle-
tin,2009,58(1) :80-84.

DU F N,CAI H W,ZHANG Q.Microplastics in take-out food
containers[ J . Journal of Hazardous Materials, 2020, 399
122969.

LIQL,WU]J T,ZHAO X P.Separation and identification of
microplastics from soil and sewage sludge[ ] ]. Environmental
Pollution,2019,254:113076.

CRICHTON E M, NOEL M., GIES E A. A novel, density-
independent and FTIR-compatible approach for the rapid ex-
traction of microplastics from aquatic sediments[ J]. Analyti-
cal Methods,2017,9(9):1419-1428.

STOLTE A,FORSTER S,GERDTS G. Microplastic concen-
trations in beach sediments along the German Baltic coast[]].
Marine Pollution Bulletin,2015,99(1/2) :216-229.

ERHE W A OV A5 OR TR A 7 1 X O R I R R
TR AE 4 5 00 [, 3R 35 T2 % 42 . 2020, 14(5) 1 1385-1393.
DEHAUT A, CASSONE A L, FRERE L. Microplastics in
seafood: benchmark protocol for their extraction and charac-
terization[ J ].Environmental Pollution,2016,215:223-233.
MUNNO K,HELM P A,JACKSON D A.Impacts of temper-
ature and selected chemical digestion methods on microplastic
particles[ J].Environmental Toxicology and Chemistry,2018,
37(1):91-98.

TREILLES R, CAYLA A, GASPERI ].Impacts of organic
matter digestion protocols on synthetic, artificial and natural raw
fibers[J].Science of the Total Environment,2020,748:141230.
PRIMPKE S, CHRISTIANSEN S H, COWGER W. Critical
assessment of analytical methods for the harmonized and
cost-efficient analysis of microplastics[]J]. Applied Spectrosco-
py»2020,74(9).

COURTENE JONES W, QUINN B, MURPHY F.Optimisa-
tion of enzymatic digestion and validation of specimen preser-
vation methods for the analysis of ingested microplastics[]].
Analytical Methods,2017,9(9):1437-1445.

MAES T, JESSOP R, WELLNER N. A rapid-screening ap-
proach to detect and quantify microplastics based on fluores-
cent tagging with Nile Red [J].Scientific Reports,2017,7:44501.
COLE M,WEBB H,LINDEQUE P K.Isolation of microplas-
tics in biota-rich seawater samples and marine organisms[ ] ].
Scientific Reports,2014,4.:4528.

PFEIFFER F, FISCHER E K. Various digestion protocols
within microplastic sample processing-evaluating the resist-
ance of different synthetic polymers and the efficiency of bio-
genic organic matter destruction[ J ].Frontiers in Environmen-
tal Science,2020,8:572424,

KARAMI A, GOLIESKARDI A, CHOO C K. A high-
performance protocol for extraction of microplastics in fish
[J1.Science of the Total Environment,2017,578:485-494.
DUAN J H,HAN J,ZHOU H C.Development of a digestion
method for determining microplastic pollution in vegetal-rich

clayey mangrove sediments[ J].Science of the Total Environ-



BIEESE WENRPRER S BRNERIKER

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ment,2020,707:136030.

CATARINO A I, THOMPSON R, SANDERSON W, et al.
Development and optimization of a standard method for ex-
traction of microplastics in mussels by enzyme digestion of
soft tissues [ ] ]. Environmental Toxicology and Chemistry.
2017,36(4):947-951.

COOPER D A,CORCORAN P L.Effects of mechanical and
chemical processes on the degradation of plastic beach debris
on the island of Kauai, Hawaii[ J].Marine Pollution Bulletin,
2010,60(5):650-654.

LIJ Y.LIU H H,CHEN J P.Microplastics in freshwater sys-
tems: a review on occurrence, environmental effects, and
methods for microplastics detection [ ] ]. Water Research,
2018,137:362-374.

TAGG A S, SAPP M., HARRISON ] P. Identification and
quantification of microplastics in wastewater using focal plane
array-based reflectance micro-FT-IR imaging[ ] ]. Analytical
Chemistry.2015,87(12) :6032-6040.

IMHOF H K,LAFORSCH C,WIESHEU A C.Pigments and
plastic in limnetic ecosystems: a qualitative and quantitative
study on microparticles of different size classes[ J].Water Re-
search,2016,98:64-74.

TONG H Y,JIANG Q Y,.HU X S.Occurrence and identifica-
tion of microplastics in tap water from China[ J]. Chemo-
sphere,2020,252:126493.

GARRETT N L,LALATSA A,BEGLEY D.Label-free ima-
ging of polymeric nanomedicines using coherent anti-stokes
Raman scattering microscopy[ J].Journal of Raman Spectros-
copy»2012,43(5) : 681-688.

COLE M, LINDEQUE P, FILEMAN E.Microplastic ingest-
ion by zooplankton[ ]].Environmental Science &. Technology,
2013,47(12) :6646-6655.

OSSMANN B E, SARAU G, HOLTMANNSPOTTER H.
Small-sized microplastics and pigmented particles in bottled
mineral water [ J].Water Research,2018,141,:307-316.

LUO Y, LI L,FENG Y. Quantitative tracing of uptake and
transport of submicrometre plastics in crop plants using lan-
thanide chelates as a dual-functional tracer[ ]J].Nature Nano-
technology,2022,17(4) :424-431.

XU Y H,OU Q,JIAO M.Identification and quantification of
nanoplastics in surface water and ground water by pyrolysis
gas chromatography - mass spectrometry [ ] ]. Environmental
Science &. Technology.2022,56(8):4988-4997.

FISCHER M, SCHOLZ BOTTCHER B M. Simultaneous
trace identification and quantification of common types of mi-
croplastics in environmental samples by pyrolysis-gas
chromatography - mass spectrometry[ J ]. Environmental Sci-
ence & Technology,2017,51(9):5052-5060.

GOMIERO A, OYSAED K B, PALMAS L. Application of
GCMS-pyrolysis to estimate the levels of microplastics in a
drinking water supply system[]].Journal of Hazardous Mate-
rials,2021,416:125708.

TER HALLE A, JEANNEAU L, MARTIGNAC M. Nano-

plastic in the North Atlantic Subtropical Gyre[ J]. Environ-

[49]

[50]

[51]

[52]

mental Science & Technology,2017,51(23) : 13689-13697.
DUMICHEN E,BARTHEL A K.BRAUN U. Analysis of po-
lyethylene microplastics in environmental samples, using a
thermal decomposition method[ J].Water Research,2015,85;
451-457.

BOLEA FERNANDEZ E, RUA IBARZ A, VELIMIROVIC
M. Detection of microplastics using inductively coupled
plasma - mass spectrometry (ICP-MS) operated in single-
event mode[ ] ]. Journal of Analytical Atomic Spectrometry.
2020,35(3) :455-460.

LIU ZY,ZHU Y J,LV S S.Quantifying the dynamics of pol-
ystyrene microplastics UV-aging process[ J |. Environmental
Science &. Technology Letters,2022,9(1) :50-56.
HENGSTMANN E, TAMMINGA M, BRUCH C V. Micro-
plastic in beach sediments of the Isle of Rugen (Baltic Sea) -
Implementing a novel glass elutriation column[ J].Marine Pol-
lution Bulletin,2018,126:263-274.

GRBIC J.NGUYEN B.,GUO E.Magnetic extraction of micro-
plastics from environmental samples[ ] ]. Environmental Sci-
ence & Technology Letters,2019,6(2); 68-72.

GodE  REFE OJCH H I 2023-11-06)

i e e B ot S S e N St

(k3% 82 )

[31]

[32]

[33]

[34]

[35]

[36]

[37]

MA J,WANG Z.,HE D,et al.Long-term investigation of a no-
vel electrochemical membrane bioreactor for low-strength
municipal wastewater treatment[ J]. Water Research, 2015,
78:98-110.

FENG J,ZHANG Q. TAN B,et al.Microbial community and
metabolic characteristics evaluation in start-up stage of
electro-enhanced SBR for aniline wastewater treatment[ ] ].
Journal of Water Process Engineering,2022,45:102489.
ITOI S, EBIHARA N, WASHIO S, et al. Nitrite-oxidizing
bacteria, Nitrospira ,distribution in the outer layer of the bio-
film from filter materials of a recirculating water system for
the goldfish Carassius auratus[ ]]. Aquaculture,2007,264(1/
2/3/4):297-308.

MAIXNER F, NOGUERA D R, ANNESER B, et al. Nitrite
concentration influences the population structure of
Nitrospira-like bacteria [ J ]. Environmental Microbiology,
2006,8(8) :1487-1495.

HU B, WANG T, YE ], et al. Effects of carbon sources and
operation modes on the performances of aerobic denitrifica-
tion process and its microbial community shifts[ J].Journal of
Environmental Management,2019,239:299-305.

LIU L L.,XU Y J.PAN H P.et al.Performance, comparison
and utilization of reduced sulfur(—2) compounds (S~ , FeS
and SCN) in autotrophic denitrification process by thiosul-
fate-driven autotrophic denitrifier [ J ]. Environmental Re-
search,2023,231:116219.

S BSR4 N T b 1 A ROk i b Ak 3 K IR K
WEFELDLLHE R « AR R 2 . 2022,

Y B RAA ORI .2023-12-20)

+ 137 -



