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Application of Fourier Transform Infrared Spectroscopy in
Micro-Plastics Detection
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Abstract The production of plastic products provides convenience for daily life but also generates a large
amount of plastic wastes, and the health and ecosystem effects of microplastics(MPs) generated by their
degradation have become a global environmental concern. Given the seriousness of the MPs pollution
problem and its increasingly prominent environmental impact, it is particularly important to develop

effective detection techniques for MPs. Fourier transform infrared spectroscopy (FTIR) technology has
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been widely used in MPs detection due to its high sensitivity,rapid analysis,and non-destructiveness. Focal

plane array fourier transform infrared spectroscopy (FPA-FTIR), a new technological advancement of

FTIR,offers high-throughput spectral scanning of many samples in a short period. It is currently used for

the identification, analysis, and surface characterization of MPs, providing a new method to explore the

interaction mechanism between MPs and environment. This paper highlights the application of FPA-FTIR

technology in MPs detection and looks forward to its future development prospects to achieve new

breakthroughs in identifying MPs contamination by FTIR technology.
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Fourier transform infrared spectroscopy

K 90k} by S 0m ok & Fh R R 3 AR B S AR
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FTIR $ A S — 5 F] F 21 410 58 5t -5 9 o 1) A
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TER W AA B . B RTRE 1z 0 4K b
N = R SN U T BN o 7/ K N = TE 7 =
sl s ZANA . FTIR $OR k287 = Wk 3 1%
A D,

Ist generation
Prism dispersive infrared spectrometer
(Low resolution, sensitive to
temperature and humidity.
The testing environment is demanding)

2nd generation
Grating dispersive infrared spectrometer
(The resolution is improved and the
measurement band is widened.
Reduced environmental requirements )

3rd generation

Interferometric infrared spectrometer
(High resolution and wide measurement band.
High measurement accuracy and

fast analysis speed)

B 1 FTIRFEAMERFRE
Figure 1 The history of FTIR technology.

1.1 FTIR gyJ/RIE

FTIR % i 2058 R 3 58 JR b T 95 A K
RIS OGRS R TR LR I AR A
B, FTIR X 43T HoAth 6 5% A A 51 2 40 B 4 /2 5
b /R 3h (Michelson) T ¥4, & HH P A~ K5 858 (I e

SRR 2 D RIS SRR . FTIR
ST 9 % 2T 5P A 3 3 T 7 A T
PR 15 32 S B 9 PR 00 27 91 4 90U » A9 R
R IFL 0 R 48013 T 45 K 2« K 7 31
HATRE S I T 5 0 A SR 1Y 251



% 8

TERAE S o B AR LT S S AR TR A I F ) 1 1159

TR AR RS L B 5 RS R . B L ISR B RS S
S R A%  HITT AL BEF A 48 28 0 008 P4 L o

AR e AT R Ak L AR T P B e O 2 S R W T
I AT AR BTRE A A RS R 5 B 2)

/ Michelson interferometer \

g Moving
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\ [ Sample chamber } I:> Computer

B 2 FTIR BRI
Figure 2 Principles of FTIR.
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3 FTIR R AREME B mE Ny
Rz F

IR, #£ MPs £ 0 v i FH 428 2 1) )2 ATR-FTIR
FRF FPA-FTIR AR o [ 1 A% SO0 36 0 398 4 AR 1)
NI HEAT £
3.1 ATR-FTIR AR

ATR-FTIR £ AR A &K B 3 M Roki 42 MPs A
it T Ak 2 2B 0 HG v S L 3R T R L Y R A
B b SR RL T EL AT R AE 1 £ A i i L 5 o S R
Fb X6 B8 o it F b BT LA S MIPs B 1) 38R 4 K
KT H AL IR 2 (PE) RN (PP) VB HA 2
I (PVC) B 24 (PS) 4P ) ATR-FTIR #£ A
ASC AT BfL Ak AR X6 58 KR AR 1) JBRE (29 >100 pm)
J TP ATR-FTIR £ AR AW MPs [ 70 [ , 78 J5
A FTIR S350 ok K /N ki 42 MPs,
WA ATR-FTIR % 41 & i 5 9 FR A o 78 e B
A8 46 21 4 56 385 AL (ATR-pFTIR)™ . ATR-pFTIR
ARG &L A B R AR W B R /R AR MPs (10 ~
500 pm) (R A IR ATR-FTIR fE JiA
WLEE FN R AE B AN MPs J50REL B0 B0 b 1 i & A1 7
RBE I 5 A 25 18] 43 A AR B AR . B eT xR T
10 pm ff) MPs ORI #E1T 504 . BRI S I B AL BE A5
By CTRO G0 5 — R ) XL B 78 R i B 4R A5 58 0

FTIR J6i% . P 15 o B2 08 o 6 i AR I 4G
3.2 FPA-FTIR K
3.2.1 FPA-FTIR # AR Mk A

FPA-FTIR A & H Al FTIR S5 2 09 i i 1%
AR A Ry — R E A A& FTIR £ R,
1 56 FPA-FTIR A B8 78 45 i [f] o % oK 1 AL b
EAT e R OGRS A X TR A BURL AR O
FPA A #5 AH 545 G 1 720 3 8 7 12 58 e okt | ofe
B AT AE L3 B 9 3R A5 BT A BE L 9 234
T, AR B S R A Y S WS AR AR ORI 1k 2 O
T A A AL P A I A3 A BN L B AR A
Mo, FPA-FTIR A L& 4 Rt 7 £ X
B 5 I B 20 o B T 48 v B i A Y[R
SEOEL X AR R 4 TE A AT 33K B MPs
FEUN L FPA S0 2% 1T LAk £ 4R 35 i MPs R 1 11
A AHDGIE(E R FOR T FTIR JEik Xt 88 MPs £
T (W s ) g A FPA-FTIR 4 BE40 . To R - 25 58
ST OE BRI AT T N X MPs J50RL R 17 7 4
. HIL.FPA-FTIR $#{R7E MPs 19 A 8h 43 7 th B
A E KK .
3.2.2 FPA-FTIR ${ R7E MPs #0115

FPA-FTIR $ AR 7E MPs #9137 I 43y 5
PRI A A, 2% 2 B T A AR R i — 2 BL{K
I EX/T

% 2 FPA-FTIR R 7 MPs #& 7 &1 i iz
Table 2 Application of FPA-FTIR technology in MPs detection(Including Analytical Methods,

Analyze the data,Chemical/physical properties of MPs, Application value)

Analytical Analyze the
Technology

methods data

Chemical/physical

Application value References

properties of MPs

Detecting the surface characteristics of MPs,
including chemical weathering, degradation,
surface chemical composition, presence of functional

groups, surface function, pollutant adsorption, etc.

Qualitative The characteristic absorption The shape, size, and

testing

FPA-FTIR

It is helpful to understand other toxic pollutants, [34]

frequency of the sample group shape of MPs particles

toxic organic compounds and microorganisms
adsorbed and bound by MPs, and to provide a
basis for the study of the interaction mechanism
between MPs and the environment

The amounts of MPs in environmental samples

was quantified against a known concentration

calibration curve to detect the type and content

The strength of a specific The content,distribution,

Quantitative

of plastics. The primary and secondary sources

absorption peak corresponding and source of MPs in [36]

testing

of MPs can be analyzed to determine the proportion

to a polymer functional group  environmental samples

of pollutants in different plastic types. Several
studies have been used to detect MPs levels in

different ecosystems and waste management systems
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75 P & 0 f9 B; T . SIMON-SANCHEZ
SEDTAE 2022 AETFFJRIET FPA-FTIR $7 A K I W
MPs (85 o 1 A0 % 26 B2 1) v o' % T AR 147 4
Bt 45 B UKL =F B2 DL K B A J0RE 1) 1F 48 4 304k 27 A
BOCRA A . = 4 RT3 R BUR i &
ZHOU %55 F 2022 4F 5% Fl 3 T FPA-FTIR f1 4
L S ARCBE AR 4 5 0 5 vk o 8 BCHE 2R D 12k
ER PP AN LA TP MPs i RIS R
A SR R DL SR A Ol 2T 4 R VR Bk (PAD |
BR M (PU) FI AL 5 (PS) L I X MPs 1y R/ JE
ROy AR UEA T — 2 %

e SE BRI 4 7 H , LORENZ 2659 F 2019 4§
A RO R & S R Se i FTIR #1A 84y
BrEE AR RS A R DU I 43 B AL ¥ B 38 & A 19 MPs UL
TR 0 b 22 KRR B o It MPs #& B8 915 21 T % K
REWVA R AT S8, il FPA-FTIR £l 4%
ARAFFN [ MPs b 25 o & o] HF 2P A6 26 5%
JoT RS YRR B L O B AR A S Y T B AR AR A
SCHE TRl Oy SRR 3 5 0 B Bk R VS Y B
AN R R A S 2 AR A
3.2.3 FPA-FTIR £iR 5% g KR AL PR EE 06 &

FE MPs #:30 H (1) 1

ARk B 5E N BUJF IR T & JE T FTIR b &
1B R R AL 3R L D L & 3l A D R0 4y
25 MPs Jikz kS8 835 0] RUR G MPs J50RL 4
TEAREAE K 5 AR O E R AT X DS
K R I R 4320 HUFNAGL %51 F 2021 4F
HRIE T — Tl B T B AL e S AR AR T Y AL 2 )
EL AT LU F Ay M R B R A p K i FPA-LFTIR
RS . AR TT T X 4 20 ZROR AR A
P2 3 T 02 Ak A L dn s S KA SR
WEE ) MPs 75 Q1500 .t KRB, B & TF &
() MPs Ul (WIDENT) 575 5 FPA-FTIR £ AR 41
ARG MPs J7 10 a0 %, BT FTIR /9 B 3
MPs % & 45 BE AT #2251 96 %010, KB vk ok i il
RN MPs $2 418 2 ) 8 £ A0 AT AR L A EEAE ER
B fiAr A0 MPs 5 Je il o8 h R ¥ BEAE .

4 FTIR HARHEI =S HEAR

FTIR $ZAR1E MPs £ i 77 75 — 7 Jmy FRAE . 4
R0 i o o i S 2 s A R v 32 B PR A B
O3 BRI PR T 2 A BRI 5 i o i A R
A i 5 G ) SR 2 SR A R 2 s T B T
B N B HEAT B dha A B AL 25 B SR U A

FTIR Hg AR TE A 0§35 K 22 0 G008 R 5 i i
T ] 43 RS AT S A PR T i R . 2L AN 4 A
3796 B 1#4% (Infrared Scattering-type Scanning
Near-field Optical Microscopy IR s-SNOM) 4 &L 1
NG 20 04 25 18] 73 B 2 0 A oK RO A I 1 AT
TH. B, J5 O R B2 A O % ( Atomic
Force Microscopy-infrared, AFM-IR) & 4t LA I 4 k-
FTIR(Fourier Transform Infrared Nanospectroscopy.
nano-FTIR) , % a] 4 {40y 5K 4 2% 8] 73 B 2 1 06 15 A
1B RMELLAN AT S R L i — 2048 i/ FTIR £
PR, MARBEAR I — P R EAE B ES
(] 73 B A G R L G BR Db 2O, AR AR B IX
(<C100 pem) fh 2% BUAG FNET A1 6 33 2R 5 A% AT Rg , 52
THPR S | T A5 R g s [ 73 R B 9 oK ) AL o Ay
ivRlll8

5 %IiE

Bl % 45 10 AR 1 & L FTIR A 2% AS W o 5 1%
R AR ) 43 28 L S AR VR A FRBE 0 A9 3 T
HIm . TE ARk KRB AL, FTIR £ AR 78 45 I
MPs G AT A )iz b T 5, 7] DU af 7 & B 3hfs
W53 of FTIR 5 A sh A FE AL 3 R 48 FLPL 2% 2
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