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Abstract: Phthalate esters(PAEs) are widely used plasticizers in plastic products and have received
continuous attention and regulatory control due to their potential health risks. Although conventional
detection techniques for PAEs are relatively mature, the applicability of analytical methods to plastic
and microplastic release systems and different environmental matrices has not been systematically re-
viewed. This review focuses on analytical methods for PAEs in plastic and microplastic samples and
environmental media, with emphasis on extraction, enrichment, cleanup, and detection tech-
niques for different matrices. Plastic products and microplastics differ in sample morphology, specif-
ic surface area, aging degree, and environmental exposure history, leading to distinct release char-
acteristics; therefore, PAE release behavior and the interpretation of analytical results should be
differentiated. For plastic and microplastic samples, strong solvent extraction methods, such as
Soxhlet extraction and accelerated solvent extraction, are used to characterize extractable contents or
potential source strength, whereas static leaching, dynamic leaching, and solid-phase sink systems

are used to simulate migration and release under specific conditions. For different environmental ma-

KR EHE: 2026-05-05; f&EIBHE: 2026 - 06-03
EETR . AN E RS RAUF T HAERE ST H (2X2024S2Y079) 5 A 25 EREE TR B REER B RL220F 58 BT 6 397 121 BA 391 5
(7X2023QT012)
«BWEE: F U5, WL, Ui, W S oK SRS R LA S S AR B EISE , E-mail: weijing@nies. org
M&E%BE: 2026-06-09



1490 SR AR (http://www.fxesxb.com) o453

trices, including soil, sediment, water, air/dust, and biological samples, sample preparation
methods should be optimized according to matrix composition, occurrence forms of target com-
pounds, and interference characteristics. In terms of instrumental analysis, GC-MS and GC-MS/
MS remain the main techniques for quantifying parent PAEs, LC-MS/MS is more suitable for metabo-
lites and some polar target compounds, and GCXGC-TOF-MS and high-resolution mass spectrome-
try can be used for screening alternative plasticizers, non-intentionally added substances, and un-
known transformation products. Future studies should strengthen the comparison of pretreatment
methods across multiple matrices, expand spectral profiling of alternative plasticizers and related ad-
ditives, improve blank contamination control and isotope internal standard correction, and promote
standardization of release experiments, thereby improving the accuracy and comparability of plasticiz-
er analytical results in plastic and microplastic release systems and environmental media.

Key words: (micro)plastics; phthalates; release; analytical methods; quality control
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GCXGC-TOF-MSFI S 3 HEmT il S I AR, 1T A5 Al Hh 18 S8 500 SR ST IR ) v B e e Ak 7

GCXGC-TOF-MS HAWER B . /B et S i G 8 £ 8 S8, A EAEEL IR INFIE
SYEFITHAE . BRTT HFRHEBOR . SR KRR . DU A H Al 58 A Sh PAEs .
FRIE I B AR SR NGRN) S B A2 S PEl RFERS 0 &2 . WAL . W g TR
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WH S S AR e HRRY . RS AEAL =1

R ) T A AR AR A e M AN RE AR S5 W T OIAG R, MaS A briesh . PREETEE. R ikial .
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iy GC-MS/MS e 2 R M RIS, PUEE L FHiae Sk, @& 138, DB . A2 % Ze it it
Wy & PAEs B HIEE & . LC-MS/MS ) =25 ] T PAEs SAES AR . A0 ARSI B3 o W 1k e 1R 48 v
R T, FEPRIE . M S AEAE S b B AR Pe s T 25 b RS 1) i 2
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. A BRI AL ) 4 5E
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PAEs 730 O — e AL LA, AHOCHRIEEE 25 AR . SRR, BN, KA. Rl
PEEE SO PR S5 7 ) o 38 3 b T Il P /bR 2E PAEs S b 5 5 B . B SRRl R ERS
SRR DT A BRL ] SR SR PAEs BT IR IS s AR SRR I SO K5t . 3T
YIbRE R IR A BT PAEs HFRZ e (7 VAR 5 2 SRR A AH SR I W] ok 25 N R 55 55 1
MIRMECRAE S HT AR . BN H T, GB 31604. 30-2025 1] Fi T S filbt Bl Kz 5 & S 4 v PAES
DERFTERBENE ; HY 1184-2021 Fll HY 1242-2022 43 3k H- 3T RIUK BT 6 Fh i PAES iy i)
SEFRME T hRMEITE T, EFR b, 1S0 13913: 2014 ML T 135 . V5l FIALFR 5 A= 1 75 vh e bk
PAEs i) GC-MS Il % 7714, 1S0 16000-33: 2024 ¥l T EHNER . BENK AR B RS SH PAEs ()
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B FRIETT 10 PAESs B E S0 T 3R 1L 7 HRIERY, (HAE SRR S SR AR 78 vt e i
il PAEs P AT  BHIAOE R B B AP e sl iir:, WEss2m A E M4 R ey v bt 3
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X R S ORI T, BUARRECRT A H bR R IR BT R, e DL R o ROk
Sreg . RARER] . ARl . ROREh e TR P SR R . Bridson S S, BIRHG R R INGRRE
R RTfE AR . BE2Y . RSUMPRPRIR Y B SR A RS B, TR AR Tk, E0)
T BRI R R B TR . AL, RESCRER BTV RS R R R | ORI EARIRES
ARG E R W BRSO B IR pHAE . ERE . IRGEGR S AL SLEe ) A BT R
e WEURECE B AR GRIC R AT, IR RSB R A I B IR IE

#3  [ENAMEZE PAEs S HThRIER) J7 12 2

Table 3 Key methodological aspects of major domestic and international analytical standards for PAEs

Number of target ana- Analytical

Standard No. Applicable matrix Pretreatment method LOD/LOQ
lytes method
GB 31604. 30-2025 £ fb 42 fl b4 pe B kil i 197 YRR/ 1 A B GC-MS  LOD: 1.0~2.5 mgkg
GB 31656. 19-2025 K i 21 % QuEChERS/SPE  LC-MS/MS LOQ: 20 pg/kg
HJ 1184-2021 st T AL Y 6 ASE/B AR, GC-MS  LOD: 0.02~0.05 mg/kg
SPE ¥+
HJ 1242-2022 MK, HRK, 75 6 TR AR B LC-MS/MS LOD: 0.8~9 pg/L(ZJEAH) ;
K. K DBP FI DEHP % R FR4514 1. 6
pe/L A 1. 2 we/LOE AR AEH)
SO 13913: 2014 3. V596 . AWk £ (=10) RIGIRIBUASE, GC-MS  LOQ: 0.1~0.5 mg/kg
Y SPE 4k,
ISO 16000-33 ; FENEAL B R PR FE PR GC-MS  RATF
2024 TR

P IS PAES ST RS WL T Pl )i, PAEs B T T2, Wil SRHEEMT |
FURFET Ho, ARHBERRROR . ARERRESL . RACRESVRIE R ST H 28 52 TS 5 e s . 52
A5 PR 8 BT AR S S O 4 IR S L B Gh PVC R R RE A L B L 0 T R34 v T it
BRI ARIRPROS SRR, MBI E . BT L B A . BESE . MEEA.
PSRRI, S ATAZS (R 2R L

AL E T, Al 2 2R 92 AL R . MR S 2R [ 7 26 b . 605
DCRC A BRI NN o 42 Z5RE SOVARAE IIRRII R . RRIICR | D5k i) . e, A A
AT FE . Bl B PR A R B 2R« 99 B A AR R O R AR 7 S T8 SRR . RS Bt
RIAEBOEY 55 RN S B BORR | GRS ML TR s e ORI AR R S SR b
PR, SRR SIS s S Bty AR S S TR | B AT R IR T U
PAEs & BH45 R R SRS . PRHERIE RIS 4 PEAISS & . M A RS T IE MR 55 T SR HA IR i
WHST . AT Y SRS
4 REH5REE

PAEs {ESRI PRI A, TSR AL . BRSO R MO B AR, AT 15 K
HERC . KR . TolliE S Fe A B S5 R e N TR A T . 0 J R R St RIBRBE A P PAEs
R SHT . AR | BTN . FREE R BRI 10 B . PARs S HT 45 MR
AR R 55 B S SRR SR L 3 B RIA MR IS B S TSR O R S i, R TR AE T
TEUEHE; BRI T WU S P E RO B, 38 T RMh 12 M B T R e R AR
ST RE NS S PR N . TEASHE AL RAR )40 L )1 P O 25 58, NAE 7 B0 PR T S s R

BUAT PAEs 4807 LT B R0 B AL BRI B B R R 2R, (EFE SR B OB BRI S b L ik
Al R REBECRRARTEE . AT, R R . R . ST el RS A
BT R, RS A LA R . SRS SRR ST H 9 K AR R AE | Bo R
PENFIEREETS YRS, e — BT SIS, RS A F S . RECPEAI AshILE R, 128
BRI BRI R RS . WK . RO . RSB R A R S S IR R R, R
DI SRR B A2 DR, | IR M BREEIE . SERCRON RO B AT B, AR A 575 e
B AL B3 St e SR S0
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