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Abstract: To construct a standardized detection system for microplastics in airborne dust and clarify
the applicable boundaries of mainstream detection technologies, this study systematically compared
the core performance, data differences and applicable scenarios of Fourier transform infrared micro-
spectroscopy (W—FTIR) and pyrolysis—gas chromatography—mass spectrometry (Py-GC—MS). Taking
airtborne dust from urban industrial areas, residential areas, and mountain forest background areas
as research objects, the advantages and disadvantages of the two methods were analyzed through four
verification tests after unified pretreatment. The results showed that w—FTIR could realize non-de-
structive detection and accurately obtain microplastic morphology and polymer types, suitable for the
qualitative analysis of large-size microplastics (>50 wm), but its detection rate for ultra-fine micro-
plastics (<20 wm) was only 18. 6% with weak anti-interference ability. Py—GC—MS was not limited by
particle size and morphology, with a full-size detection rate of over 90% and excellent quantitative ac-
curacy and stability, which was suitable for complex aged samples, but it could not obtain morpho-

logical information and distinguish structurally similar polymers. In actual sample detection, the

Wim B 2026-04-28; f€EBH: 2026 - 06-01

EEWHE: ERESULIT RIS (2023YFF0614203) 5 b 52 i B2 8 AR WF 58 BE 1% TR H (26CA013-01) 5 A8 & Wi H
(26CB003-15)

« BWESE . E 1 o S | S A ) S *jﬂq%lﬂ'—:j'ft%, E-mail: gaoxia@iccas. ac. c¢n



2 TR AR (http://www.fxesxb.com) 545 3%

dominant microplastic components (PE, PP, PET) identified by the two methods were highly consis-
tent, while the particle abundance and mass concentration were only moderately correlated (R*=
0.724) and could not be directly converted due to differences in particle size distribution and polymer
density. In conclusion, the two methods have complementary advantages. The standardized com-
bined application can realize the comprehensive characterization of "morphology—composition—mass"
of microplastics in airborne dust, providing technical support for the standardization of microplastic
detection, pollution traceability and risk assessment.
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Table 1~ Comparison of detection limits and quantification limits of two detection methods

Polymer type pobTIR y=CCNS
LOD/(items-g™") LOQ/(items-g™) LOD/(pg-g™) PLOQ/(pg-g")
PE 2.3 7.7 0.12 0.40
PP 2.5 8.3 0.15 0.50
PET 3.1 10.3 0.21 0.70
SBR 3.5 11.7 0.25 0.83
pPvC 4.2 14.0 0.32 1.07
PC 4.5 15.0 0.35 1.17

PRI A 2R R R R A S — . Hob, 5 FAMTEIR PE . PP R ZE
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Table 2 Comparison of spiked recoveries and precision between two methods (n=6)

T u—FTIR Py-GC-MS
Mean recovery/% RSD/% Mean recovery/% RSD/%
PE 82.6x4.2 6.2 92.5+3. 1 3.3
pp 85.3+4.5 7.1 108+4. 2 3.9
PET 75.5+3. 8 10 86.3+4.0 5.6
SBR 76.8+4.0 8.7 87.6+2.9 2.8
pPvC 74.2+3.7 12 81.4+3.5 4.7
PC 72.3+6.0 11 82.5+4.9 3.8

EHEE 2 051, w-FTIR B34 [ ER A (72, 3+3. 8)%~(85. 3+4.5)%, RSD A 6.2%~12%; Py-GC-MS
B P34l 2 A (76. 3+4. 0)%~(108+4. 2)%, RSD 42. 8%-~5. 6%, tuillfe et SHEErEE . MAHLELZ
53 BT, —FTIR AR AN TR Ao 55 55000 450, /NBLAR ROER By ik, BRI It 5 51 & i I i
A, NI 522 55 P PR R B R 22 . R B AR AZL O IR IR . T Py-GC-MS il v T P i
PRI G A R E AN 721, MRFEAES B B AL 58 O T8 20 i, ) IR R 30 4
BN hFEMIRZE, SEEESREEER ™", Py-GC-MS X} PP & [l e uE & T 100%, FEJFETH
fEFEOITFAE R R E R T, (MR 224 Tl G, vl@ itk ik o i S ik — e
2.1.3 MEBREUERRXERR SPELPROPEIIRAREERKR, ARG IREETT
GRS AAE R 2R, US55 A PR A R R tHRE ) 2o, PR 7 20 AN ]
LA IX 8] PE A H 2R 5 SRR F 4 2R L3 3,
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Table 3 Comparison of detection rate and recoveries between two methods in different particle size intervals

. . w—FTIR Py-GC-MS
Particle size range - -
Detection rate/% Recovery/% Detection rate/% Recovery/%
<20 pm 18.6 72.5 91.2 89.6
20~50 pm 45.2 81.3 90. 8 90.2
50~200 pm 89.5 88.6 92.5 91.3

>200 pm 92.3 90. 1 91.7 90. 5
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Table 4  Comparison of qualitative accuracy between two methods under different matrix interferences

Qualitative accuracy/%

Detection method Polymer type

PE PP PET SBR PVC pPC Comprehensive accuracy/%
w-FTIR Standard sample 91.3 88.7 82.6 78.9 75. 4 80.2 91.3
Humus added 78.5 75.3 69.8 66.2 62.7 67.5 74.2
Quartz dust added 72.8 70. 1 65.5 62.3 59.9 63.8 68.5
Carbon black added 69.5 67.2 62. 1 59.7 57.3 60.9 65. 1
Py-GC-MS Standard sample 99.2 98.5 97.8 96.7 97.1 90.3 98.5
Humus added 97.5 96. 8 95.9 94.8 95.2 88.6 96.2
Quartz dust added 97.1 96.3 95.4 94.3 94.7 88.1 95.7
Carbon black added 96. 8 95.9 95.1 94.0 94.2 87.5 94.9

eoh, BRI PR 7 0 E MR E M . w-FTIR 858 PEHE R R A2 10 N B0 0 52 45
K, MBEABEHSUR R PUAIAE EIREE ;T Py-GC-MS R AU & B 3@, N T ED, 25
SRR E W HE
2.1.5 ZUMEHENHZHEES BARAKRE PR S SR R BT, MEik2k
LI AR = A W 2 ) S s (6 5) o B R S a5, BAWVE I w—FTIR RN PERE sE e S 2%, i X
Py-GC-MS M2 M4 N, W TR ZAMIEL, w—FTIR (4 8 M 52 4 86. 7%, Py—GC-MS 4y 97. 8%;
UREIHRLZ UV 365 nm 40 15 dJ5, w-FTIR M@ PEHEFRRBE R 71. 2%, TR T 15.5%, 1 Py-GC-MS
IXFEZ95.3%, TFET 2.5%. XZER HEAATEH S BRI R E > TR . BRe & EsE, 51k
CLAMRAAENE RS . WA R BE R 8, RIEFEACIE B ShruE AR ICHCEE (8 1), SBGRMETRR TR,
Bl 1, 2915, 2848 em ' PE. PP C—H MZEIRENERENE, 1725 em™ A PET [ C=0 B4R
1245 em™ i PVC 1 C—CHHREEIRANFFHENE, 1770 cm™ >4 PC YBRIRBRSEAAENE . AHES TR SR &
LN A DR AE I 3 i L /IMIE RS . b C=O0 RV (R A5 55 A 2.2 (A% 5~15 em™) 5[]
B AU KE SRR AR G 5 WA, T A A RS DR AR 5 S A DR BRE . ) Py—-GC-MS
R RFE TR IR S o3 T H SR RAE 2 =, ARV RSO RO R R TS 5 R 2 254, %)
Gy Fe BREE RN, R A A B S A N HE A 2R R % 2. 5%, % SR A SEBR RS A i i
PERE R, SR AME AN 5
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Table 5 Effect of aging on the detection performance of two methods

Sample type w—FTIR accuracy/% Py-GC-MS accuracy/%
Unaged microplastics 86.7 97.8
UV-aged microplastics 71.2 95.3
‘ \’M l
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S g
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Fig. 1 Comparison of infrared spectra of PE before and after aging
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Tk DX > BRATAETE X > IR 5K, 5 XIS KTES R S35 (R 6) . Hrr, TolX Sz TolkAEr=,
ZTMER . PR A TR, OERHERRE S . ISR AEERUURR HEES . A
BN S AR IR Yo, T 3UKFEr s AR S XTeASH TS ek, TR EZE T KRR
N e I S YN AT 15 2
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Table 6  Summary of microplastic detection data in different functional areas

Pol rticle  Pol: Correlation be-
Function- p—FTIR/  Py-GC-MS/  Polymer dominant ~ Main poly- Polymer propor- els e S B

al areas  (items*g') (ng-g") component order mer type tion/% abundance IR, | D
(items-g™") (pgeg") methods (R?)
Industrial ~ 867.5+  87.3x11.2" PE(39%~44%)>PP PE 44.2 383.4 38.6 0.658(P<
area 92.4° (23%~25%) >PET PP 24.0 208.2 21.0 0.05)
(12%~17%) >SBR PET 14.5 125.8 12.7
(5. 0%~7.8%)>PVC SBR 7.8 67.7 6.8
(4. 0%-~5. 8%) >PC PVC 5.8 50.3 5.1
(4. 0%~5. 9%) PC 5.9 51.2 5.2
Urban res-  412.6+  42.7+6.5" PE(40%~41%)>PP PE 40.5 167. 1 17.3 0.735(P<
idential 53.7" (25%~26%) >PET PP 25.1 103. 6 10.7 0.05)
area (16%~17%) >SBR PET 16.8 69.3 7.2
(5. 0%~5.5%)>PVC SBR 5.2 21.5 2.2
(4. 0%~4. 5%) >PC PVC 4.2 17.3 1.8
(4. 0%~4. 5%) PC 4.1 16.9 1.8
Back- 125.3+  12.5%2.1° PE(39%~40%)>PET PE 39.1 49.0 4.9 0.812(P<
ground 18.6° (12%~13%) >PP PET 12.3 15.4 1.5 0.05)
zone (10%~11%)>SBR PP 10.0 12.5 1.3
(5. 0%~5.2%) >PVC SBR 5.0 6.3 0.6
(4. 0%-~4. 2%) >PC PVC 4.0 5.0 0.5
(4. 0%~4. 2%) PC 4.0 5.0 0.5

values with different lowercase letters within the same column are significantly different (P<0.05) ; the polymer qualitative results obtained by

the two methods exhibited a Pearson correlation of R>0. 95 (P<0. 05), with the proportional difference of each polymer being less than 3%; n=6
PR TR RIS s e —a, ROWEMEIREEY & (R RER>0.95), BT PE,
PP, PET ALY o (HPIZETT R ORI B e 25 5, IR ORE 2 B 5 BT Rk A S
SEAHSRNE (R RP=0. 724) , Bcdla Joidk EAHEH SR . W27 15 B 5cdia (i 22 32 08 TR0AR b 85 B XU e o
Pho BRI, <20 wm B REARHY SR b 60%, A w-FTIR BUREBESE THi0 24408, B
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H192. 3% 1Y) PE SR AR Rtk . 89. 5% 1) PP R R34 2 0REtR . 94. 1% 1) PET 8k 240K
F4EIR, SBR. PVC, PC R EMATER, WA, 3T KRG HE, 5 w-FTIR v] @
RORTESRE X 2 ER R A, TEARFMNEEH & 70 e Ml 1 5 &Mk, Py-CC-MS BT
FRGES, MRS RN E Sk, B, @8 p-FTIR Y2 Tolk X FE42 b PE 8RR
2 NIRRT, 454 Py-GC-MS R AY 75 e b, ol it L 32 Sl JR T Tl R TRk B
FEHE; W s XGEAd w-FTIR W E) K 2 PET 274, 2545 Py-GC-MSKEIM AR = S, mTA Ay
By ERe N E N EA PAAES e T Y

K2 SRR RESE
Fig. 2 Morphological characteristics of microplastics in air deposited dust
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TR TR OEORTBr . %R M T ORI R A . R BRI 2 1 5 e i

Py—GC-MS & ] FRREEH MR . BORENS R A% 5 . ARSI E BIFIY . IRFEARIAR TE 225
R HUEET TR T . E BT . BRI OIS, FTARIRA w-FTIR & G EHRR
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BRRINR, FEHERASRREYHTTRIKE, HECREAEER, AR . RERRR RO ETS
GORF, ERCHt RS E BRI AR %07k TR RBUBRIE S5 8, M LSRR RS 40 1 391 5
e

2.3.2 MRENBRAIBREER WEARMEIFEWRIEORE LAMES, 3R bR AL &
TR, AWPCENLS M TR IR R . (DRRSREAL IR . PraFES S —RiAb
B OPRAREEIERSEORE, S ER PRSI T ik, PRIEAEIEAE R AT (2) w-FTIR KA
W SEROMURIE SO | KiiR gk . REWIRGHEENE, W14 A RO G RORIE H 2875 (3) Py
GC-MS g B H . TR IS, FER RS R EWH TG R SRR E; (4)
B EUAA : LLp-FTIR TR SRR, L Py-GC-MS B8t se e PR 0, X4z
RS A, SRTHGEIREEE s (SPRUEMLSCRAH . IRIEPETTRREH PIE AT . 15 YRAE . fadr
VRO RCR, SCBUBIR R e R AE o [FIIE, Bhous W s ik B A AR AR J7 1) - w—FTIR |]
TRACRE G N kALt INELARORL U0 12 5, R THE B R Py-GC-MS L PR iR 1
@RS A, B SR R Y BT, 1RTHE RIS .

3 & it

AR RG] T w-FTIR 5 Py-GC-MS P LR BN 2 L RO EREZE 5 . 22Tk
PLEL S 5, W 1 PSSO TR EAMRHE ST AR . PRI 7 IR TR 5 EAb . A
Py-GC-MSTEE BAFE . ARARERIE . EAFEBHUTIRE S . BRI 2 DT HE AR, alkg
HERZEROERN S Y s, M TR BN w-FTIR B Fofsill . JEanldife . MRS YRs 2
SEPERV RS, R RRARTIRL (550 wm) 15 BB IRH RO FBE, (HAETER R (<20 pm) K2 IE
X, SR RA R SRR REm A b, PIRP Tk 00 28 S W 2 53 PR 25 2R 15 — B0 (Pearson A1 R>
0.95), RIRFHEPCHEC XI5 YAFIE s (HSZWURDRIAR 7341 15 58 5 s BESUH S B sy, W2 TR 42
B 5 BCE IR B R P AR (R=0. 724) , TTIEEEARE, BB EANE . Al A

AW FARFEPIZE BRI B B AME 58 E B, # T hREALI IR IR 2R, AR 1 —
Kl BRI, W SEBLA SRR RO TER -2y - R AR, AR
IbRHEL R B . T GBI IRRAT B2 AR A XU PP SR TS . T AT BAR S
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