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ABSTRACT: With the increasing attention to food safety and environmental quality, efficient and accurate pollutant
detection technology is crucial. Supramolecular solvent microextraction technology, as an emerging sample
pretreatment method, has demonstrated unique advantages in the field of food and environmental pollutant detection

due to its high efficiency, good selectivity and environmental friendliness. This technology is based on the selective
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recognition and enrichment ability of specific pollutants by supramolecular solvents (such as nano/micro scale

solvents formed by host molecules such as cyclodextrin and crown ether), and achieves rapid separation and

concentration of target substances in samples through microextraction operations. As a new type of green solvent,

supramolecular solvents have high extraction efficiency, wide polarity range, customizable structure, and both

extraction and purification effects, making them widely used in the field of extraction and separation. This review

introduced the properties of supramolecular solvents and types of supramolecular solvent microextraction, with a

focus on the detailed application of this technology in the detection of food and environmental pollutants, and

provided prospects for the work in this field, in order to provide reference for the promotion and application of

supramolecular solvent-microextraction technology.

KEY WORDS: supramolecular solvent; microextraction; environmental pollutant; green chemistry
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FEMCREE . FEMETALIR . BT . B 3 R 45 R4ty
GOLBE. Mk TR RO . RN . AR E NP IR
Z—, EizP BRIk B D R T . Rk SE H
FRA M H U2 H AT 32 A RE S AT A B AR R AR AR
IRCRE AR AR I, SIAFAEBFERS | ARIOR . AT . BRIER
FAEH A, FERNETAL IR T I W ) P | S | AT
WAL AEE KR, A 1990 4F, ARTHUR %PI7E [E
A TR SE R B 4R R OAH BL ZE I (solid-phase
microextraction, SPME)Hi AR LIK, ZEREH: RME5 2] T A
T ) 5 S ARSEFH o A P 2 S BB R R, SPMEE R
AT ZE R (liquid phase microextraction, LPME):; AR 1E £
MBIy . HERER . HE )RS5 P W ryHi b 2 v
EAEZ N

2009 4, BALLESTEROS-GOMEZ “£4 5 e | A T
43TV 7 (supramolecular solvents, SUPRASs)iX—AKiF
SUPRASs J2& i iR PE > T A AR MEERIE N, 5KAR
7, HAGURSS IR R AR, A REE A . ORI
M. il A SRR R AL AL SUPRASSs 15 A UM
4G, RERE ST RIEME L, TER T —FhIREE AR |
PR AR AR R I A R BOR— 3 - R R
(supramolecular solvent microextraction, SSME), 2010 4F,
COSTI %P Yk SUPRAS F T AR AL IMAR B, FH5E
£ RN DL B s iR A R s R B i, IS SSME e85
ey RO BB D). A EAN R
SUPRASs J SSME 1!, i siZiid SSME 168 dh J IR 15
ek s g A, DAISh SSME SR iRt — 252
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SUPRASs 5 th iR 4 Hl & i . 3RBGIeR
L BEIMRESE, (DREMATES MR ERh A s
MR ESES T, AAERENTTESAR, PER
SUPRASs i 1] DAFKAS =y S Ui, AICAARFRE vl 35 31 1 ok
A5 R ELGEF A 100~500); OWAMETER L. PRt FHA
SRAKER A FB AR 4r, AROE IR MR R L X, W] [A] B $2E
AR Q)FRMBK ., BERZ WM TE SUPRASs H R
SERAMRLE 2), 34T RIFRIER, FEEBGIRE T REHR
BE; (A& RIE, PEMS RN S5, SUPRASs H
TSI S 43 F I PR A BB A T A (S)BR L
4, SESEAVIERIH L E SRR, REE . AT,
R R e et . LAk, SUPRASSs i HAg BRI HE A
Pt RERE BRI 2 115 AN 245 K AT Bk AL,

SUPRASSs FY A< U RE 32 B0 36 M 41 IR BE 55 A4 1) 5%
Wi, DR b 3 R VR S 1 0 R R A 1 mT LAl 4 LA
EINRERY SUPRASs, ALGAR 25U i i A8 SR IR IR Bk A9 1<
JEFIH R L I DU R, IRfb T SUPRASs JE#R M
ERIR A B e — B UL G, AR TXT R Y A
A AU . SANCHEZ-VALLEJO 258143 51| L 1F i
1,29 ZEENFRHA BT 7l SUPRASs, F T4 45 £}
FIZETL, HWF 5 R A AN 1,2-9F 10 40 R S50 W
SUPRASs H A 35 MK Iy IE, XT iRk v 2 By 4L
HEFRAR 1 2 B A O 5 A 4R BUPERE

FI R, SUPRASs [ i) 12 (928 50 h S AR B AR 4544,
HR RRWEEH, KRR WD . RAHKREH
SUPRASs H1, H2R FHIBELE IR BGEEE W2, DU
MR R BEE SR . ML, A A SUPRASSs FY RIS RYIA AT F
K ). ACCIONI 25Vl FiI -t iU T R A S W 55 1 1l 45
SUPRASs, ] THE U B8 I SE K, HAF 5045 SRR B ]
#51) SUPRASSs X & A7 AR MR T . FRPR 005 B e il 55 T
I (log D>-3.62) A4 2 J 2 A B2 IR LA TR I 4R BUGUR |
1.3 BaFAfmERER

ASCH SSME 4328 3 Fips: FeABE | Ah Sl B
ORI R A 3 A, BEARUR IR, &
TN SUPRASs SIMAEBUMHSAE G, BT {25 B (single
drop microextraction, SDME). LPME Fl43 UK i i3 25 B
(dispersive liquid-liquid microextraction, DLLME), {H}:A
TS A SRR AR S [P, R PR ZE TG B, 5T A
B3 Fifi 252 K4 19 E il Bl (vortex-assisted, VA) . & 7F IF #f Bl
(ultrasound-assisted, UA) . 553} Bli(air assisted, AA)ZESM T
5B F SSME: X b4 Bl AR 5 3= B2 2 i 1 34
SUPRASs FIRENN 4 5T i) B2 fl i AR, 5 2028 H bR AE
f S AR TR A B 2R B0, NI B2 = ZE Ui . BR A 3
— BB, BENEERE T 5HAE AR AR
LT Is FLIFRAZE B (supercritical fluid extraction, SFE) .,

20 2K kI (magnetic nanoparticles, MNPs) ., 43 H{ i [5] 40 2% B
(dispersive micro-solid phase extraction, DMSPE){ 5k 5
Ao LUTEFXT SSME TE 8 i FEREE o £ F 5 Je s i v )
DL FHEA T 2 P 3

2 B FIATHEERN A

2.1 REHRE

JE4ER SSME 7EAE 2558 B A h i, W3R 1.
fEZR BT T AV, APUE. SRS, FAPRE
GORHRRA, ZEORTAR, ZREAIEIREBR B, i
DRme | RIFIRMESEE 2, (g8 K £ HPLC-UV/DAD.

COSTI P54 SSME 454 LC-UV [ F 3 4 11 2%
] A 5 v R R v R A R S 2 R R R . 400 pL
SUPRAS #1 200 mg VIR R -GS, fHIRF] 15 °C, &
LB SUPRAS I EHLAHT, ERAAERAT, T ek
H5~22 pg/kg, IR 99%~102% ., %l EKIE T
SUPRAS £ [MAFE S AL U RO 35 A, fRT B plesdt . 45 2%
AIE AIRBLAR, i SSME #8842 5% B4 i i FH BEE T 2Ll
LI 25U RIS 900 5 9 B R B 4 % T SUPRAS, 25 &
HPLC-UV M@K & l, &EMEECh 72~147, FI#
M 96.0%~107.9%. A, Hiil%& ) SUPRAS BEHERREE 1
Fi. B RIGHYE R FY, 1w+ ER/NIE
M ANHERH, #2807 M 2280 h 28 BU N F I HEBR K o+
A 1 R 7

I SSME AR FKFE | TS i s 3L, i
Je A N TR e I T . GORJIT 21O 58 iR
Ml THF 1l £ SUPRAS, %54 HPLC-UV &l T Kk FIgi 3
FHERETER A 4 FEDLBRR R, SER TN 102~178,
G BR A 0.05~0.20 pg/kg, DR K 83.6%~105.0%; ANA
U5 1-C A THF 145 SUPRAS, 454 LC-MS/MS, 43T
TSR, BERH 4 RS sEERRTmL A, KBRS 0.2~0.3 pg/ke,
FFAFHAR 2 5% B bRt
2.2 SSME ZFEESZME @A MFEN a9 A

IAESR SSME 7F BB B 2 FI i3 0 7RG 7y i
A, L3k 2.

H I SSME i ARTEH # # R b YA G b
GARCIA-FONSECA %5 B2 jf + 10 Je /i #1 THF il %5 A
SUPRAS, %54 BIE s ftt, W&/ NEhith& 8 R B,
AN AR P IR E A, BICE R 84%-~96%, L%
PESLFIAE AT AL BB AR AR L, 1535 3543 A BL A A Hh R A vk
JEE, (HJE#EAE AT &R, EEFEAIER, Bz
5 & tH SR A1 T 77, CABALLERO-CASERO 251
SUPRAS Bl it AR4FHE, FIZSERFT THF il 55 SUPRAS,
454 HPLC-UV ET 5 Fakl it th B =R A, KRR
0.5 mg/L, [FICRA 81%~101%, % r k2 T Hyg E Ak
Hib, WE T BRSO, ARG R A SR
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Table 1 Application of SSME in the analysis of agricultural and veterinary residues

7%
G3HTH) R SUPRAS AR (NG TIPS EARATEL KR [N/ % j/c i
ATPEHUR OB BRI, [ .
N SIS 2 ®/THF ’A-SSME HPLC- ~ A . K
. TR K. B IR T VA-SS C-Uv 102178 0.05~0.205 ug’kg  83.6~105  [10]
TR, HARR At AKEE TR AA-DMSPE GC-FID 500 06~08pgL  85.0~966 [11]
3 FE N LB CGRIEE | - Q-2 R a
(AR AT K THE SSME! HPLC-UV 15~19 6~10 mg/L 7798 [12]
4 Ak G . " . UPLC-Q-Orbitrap
S B A gikedh TKEE: +—%ilE/ THF VA-LLME® iy 247~282 0.125~0.150 pg/L. 82.9~1059 [13]
e K PN P B~ VA-LLME® HPLC-UV 72~147  038-0.57ng/mL  96.0~107.9 [14]
SABEmR AR, B 1-CL %/ THF VA-SSME® LC-MS/MS - 02~03pghkg  93~107  [15]
WEMERE . SRR, SR N
B /;/4 oY a A - ~1. 8~ K
SRR A4 B/ 7S I N LPME HPLC-UV 0.5~1.7pgL  80.8~111.0 [16]
5 FSEERGRUIEENR . RWaY. = S S
iR SRR N Y 2 S FNEREN AT TRDSLULPI\%S' HPLC-DAD - 025~0.50 pg/L  91.6~1002 [17]
ST [zl
ZTHR | RN e TKAE: 1-541%/ THF LPME® HPLC-DAD  2143-7136 023~045pug/L  93.5~110.0 [18]
PR B KEE P/ THF VA-LLME®  UPLC-MS/MS 15 0.03 mg/L 90~102  [19]
L IR
FH IR, PELIA ﬁg%g;% LPME* HPLC-MS/MS - 15 pg/kg 94~106  [20]
4 HE R R, it [BMIM]PFy/THF DLLME* HPLC-DAD 1.7~2.1 80.0~1199 [21]
N REE, A ‘ - - T-2pghe  BOO-TIO.
4 FIRIRBR BRI | \ , . IS
FIRMBRROCE . e . = Toscmsmmion
SRR SETRE s DLLME® HPLC-DAD  37.1~72.8 0.13~0.19 pg/lL  97.4~1094 [22]
P A4 PN R
SRR
TR, B a1 bﬁg(ﬁf}f P VALPME  PRPHPLCUV  22-26 1528¢gL  950-1067 [23]
5 PR, = . "
" " S R T ¢ ) i
B PR O T K ﬁi%fr + k’rkfﬁf/ + IS-CAE® HPLC-UV 73318 0.3~1.0 pg/L 77117 [24]
X PSls
T A
AFISMSSGRERE. =W Ok, W 1A PGS-SSME" HPLC-UV 14~51 10~30 60~114  [25
W GHE CWE) K LR T ] ] hel 23]
6 Fl=IRAS(RTRmE . FlE
M MR MR DR DL KRR TR T LPME* HPLC-UV - 1.0~50pg/l  634~112.1 [26]
A )
13 I Sk Il |-/ THF VA-DLLME®  UPLC-MS/MS - 005~02pg/L  884~105 [27]
8 FIAIpRmS LR ] CLE/THF VA-LLME® LC-MS/MS - 0.03~0.14 ug/L.  74~112  [28]
WE HUbk  PETER JDRAENR
ZIRR . TEACME, MEH KR, AP 1-541%/THF VA-SSME® HPLC-DAD - 3ug/L 80~112  [29]
TG
5 RIS (TR |
BTl BRI | 14 1E 4%/ THF SSME* HPLC-UV - 12.1~399 ugkg  56.6~86.1  [30]
(SR STN LTSI AN L)
=R -
LA | EESY piGs8 PE=FERUE: VA-SS-DLLME®  HPLC-DAD 41~46  0.17~024pg/L  93.6-1014 [31]

R

M oa A b ANTEIEIARER, o BRI -FOR CE PR, R 2~4 [l SRR RS- 2R MG 9% (high performance liquid
chromatography-ultraviolet, HPLC-UV); S ik- S kA E TR #575(gas chromatography-flame ionization detector, GC-FID); #A =GR A (4 i%-
VOB AT TE B e 43 B BT B A (ultra-performance liquid chromatography-quadrupole-orbitrap high-resolution mass spectrometry, UPLC-Q-Orbitrap
HRMS); AR 8 5 - 83 15 5 3353 (liquid - chromatography-tandem mass spectrometry, LC-MS/MS); =i 2 AR € 335 - — 4% 487 B 51 4G 45 75 (high
performance liquid chromatography-diode array detector, HPLC-DAD); #f = 25t (4 ji%-H B BTk (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS); =isGRAH (o i%-HR R Bjt % (high performance liquid chromatography-tandem mass spectrometry, HPLC-MS/MS);
BTN SO B RO 1% 254 MRS s (ion pair-reverse phase high performance liquid chromatography-ultraviolet, I--RPHPLC-UV),
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Table 2 Application of SSME in the detection of mycotoxins and food additives
L N ; e s 2%
Vx| o SUPRAS RN EE T T WA o H B [N/ % St
MIMEERER A, A4, TRk "
- g;fi B1 e + PR/ THR SSME* ELISA - - 75~96 [32]
MR A ok Z4HR/THF VA-LPME LC-FLD 0.5 mg/L 81~101 [33]
R ATHT7EAN I &R/ THF VA-LPME® UV-Vis 200 0.035 ng/mL 95.0~102.5  [34]
N KEEL 29, B .
RPFEH R ERTR(6) -, NI/ Brij-35 LPME® HPLC-DAD  26~193  0.042~0.167 g/L  902~1124  [35]
1]
piSaranil| L 1-4 1%/ THF UA-LLME® UV-Vis 33 0.79 pg/L 87~102 [36]
piSaEAN| IKFE. B 1-34%/ THF UA-LPME® UV-Vis 1.74 pg/L 101~108 [37]
- L NN .
HSHEB " 1-2¢{5/THF VA-DLLME® UV-Vis 55 9.01 pg/L 78.1~105.0  [38]
. EARTLINEY €5 N N
TP IV ekt - Wéi% ;‘;ﬁ - 1-3¢ 1%/ THF UA-SUPRAS®  HPLC-UV 048~0.63ng/mL  90.6~102.5  [39]
TPRLCOL IV ekl Rk, KM ASHETILJERE VA-DLLME® HPLC - 08~3.1ngmL  939~122.1  [40]
N N L TEMEIA
TPV ek k. AR 1-8485/ THF %émfsl\ﬁd}é i’ " upLeDAD 1017 023~051 pg/L.  81.8~109.0  [41]
SEUE FCF . Bei A AkL . Mgemt . /K
NEEL. H %1 FCF JRURMER TR 1-=¢ e/ | A VA-LPME®  HPLC-PDA - 0.07~0.2 mgkg 70~127 [42]
piSARSIII IG5 JIHEACHL
211 B R 1- 3G VA- DLLME® UV-vis 16 0.008 mg/kg 95.0~1152  [43]
TP B, HIEE &t fhllh "
ﬂﬂ{ S T = B 7; éﬁ”“ 1-B$E/PUSIE  VA-LLME® UV-vis 15~20  0480~051lpgl  95~100 [44]
P B, A \ PRI
o IKEE, ok \%;;, . VA-LLME® HPLC ; 13<15pgl  844-109.1  [45]
FHESFYukl YokE, WK FMEESHE TR VA-LLME®  HPLC-DAD - 1~1.5 ng/mL 93.1~1043  [46]
Wik, #he . HIE , RACHPBEERTE  pkpekm
o @;a; e KR N %sksﬁ{\jlfﬂ GC-MS 02-08ngmL  80.7~893  [47]
S - f:f/
YA TR Thyngy /\ﬁkfa:zs;? VA-DLLME®  HPLC-DAD 03~3.1ng/mL  92.8~100.6  [48]

T T I G 8 W I 5 9% (enzyme-linked immunosorbent assay, ELISA); & AH €4 4i - ¢ Y & I 7 (liquid  chromatography-fluorescence
detection, LC-FLD); #¢4}-7] W% i 7 (ultraviolet-visible, UV-Vis); & R4 AH (3% -6 H 4% 48 B 51 46 I #% 2 (high  performance liquid
chromatography-photodiode array detector, HPLC-PDA); “#H (%% - /5 {7 (gas chromatography-mass spectrometry, GC-MS),

BB MAEBARR M TR T2, 28
B . . P ERISE 20 & Fh. HlE, WIER%
R PR A 2 i B AR A R, BRI R AH G B
TSR EAG I 7 et 120 . ALTUNAY Z5B4F] FI 2 iR F
THF il % SUPRAS, 254G 2853t BE Tl 7 T A i
mn T EREY R, EAEMEGEIA 200 £, KNSR SR
WL R, RME TR, JEEA P A,
LR . CHEN 28 DS 7 — Fil 6 75 5l 5 P9
/Brij-35 HJ#% SUPRAS, %454 HPLC-DAD il T/K . 24
PIAIA ARG 6 Bl 3L B R R B R, 4G Rk
0.042~0.167 g/L, BEIEN 90.2%~112.4%,

Coll otk 2 A £ B IR E B i ol mp 9333 30 P
AR, BHIFA BRI T TACHFSE . SOYLAK %5103
ST UA-SSME 45645 600 B i 2 7} vh 95 P 21T
JiiE: PLO1-ZSBEA THF il 4 SUPRAS, [E K K

87%~102%, ZIETERE ZIL b e BL 1 o Ay [l i |
PUPEFIBERETE . BOGDANOVA ZEWIRL 12 iz Ry Wi SR,
JE A R MR ), 454 HPLC-PDA 2 T &k, BER
e A A RN CE . BEIENIRAT . HIEH . AL
HFHA, T, KRS 0.07~0.2 mg/kg, 455
JE R B A B B R
23 SSME ZE€RBFAERNFHINA

H i SSME # 5 JCHé 5t 1M (flame atomic absorption
spectrometry, FAAS) Fll f7 5% 9" Ji£ + I UK (graphite furnace
atomic absorption spectrometry, GFAAS )& 5 A4S B 45 J 5
JCEK, FR3FIH T SSME 7EH 48 S a Al i i 3220 .
U KHAN 290 o5 THE i 4519 SUPRAS 454548
SIS TG K RE R A Sb™, KRR 0.19 g/L, [
WAy 94%~101%, %7 LG T2 R R KR o
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Table 3 Application of SSME in the detection of heavy metals and other elements
BT SUPRAS WA B AR K th /% i;
Sb** K +—P&/THF VA-LLME® UV-Vis 15 0.19 g/L 94~101 [49]
&“Hm%ﬁ§£gﬂ‘b¥@MW%%ﬁk@ UA-DLLME® FAAS 134 0.03 pg/L 94.0~105.5  [50]
ot i 1[5/ THF LLME® FAAS 126 0.15 pg/L 91~104 [51]
Cu** B KA 1-FF%/ THF DMSPE® GFAAS 280 0.2 ng/mL 92~96 [52]
Cu** . KEE 1E T #%/THF LLME* FAAS 60 1.4 g/L >95 [53]
Cu GRS 1-%$ i/ THF SA-LPME® FAAS - 1.91 pg/kg 80.2~111.8  [54]
U T KEE +—%ilE/ THF LLME® UV-Vis 17 0.31 g/L 96~105 [55]
Th** T KEE 1-%$F%/ THF LLME? UV-Vis 40 0.40 pg/L 95~102 [56]
Hg il KR 1-2$ 5/ THF VA-LLME® UV-Vis 100 0.30 pg/L 95.71~99.65  [57]
Hg /K. BMAER 1-28 it/ 1 L A VA-LLME® UV-Vis 114 0.6 ug/L 93.2~96.7  [58]
Hg* B KRR I'JF%;E@/%T%E UA-HLLME®  UV-vis 82 0.33 pg/L 96.4 [59]
AL
AP aih . KEE +—M@%/THF UA-LPME® UV-vis 50 1.2 ug/L 95~100 [60]
Al Ko kKRR 1-Z$ 5/ THF SSME? UV-Vis 50 0.056 mg/L 92~110 [61]
Ni AR 1-%$F%/ THF LPME® FAAS - 25.86~497.64 ng/kg  86.0~131.8  [62]
L bk
As, Se  JROARY. W/ T RE Sk AA-SFODME® HG-AAS 103 0.07~0.09 ug/L - [63]
KR
As(TIDfft  /KEE, 435 B4R/ THF UA-DLLME®  GFAAS 60 0.2 ng/mL 91~105 [64]

A kLR TR IO (hydride generation- atomic absorption spectrometry, HG-AAS).

ARk, SSME i ARZBWN T E b ES RS
JCE MM AT . TUZEN P04 57 T UA-SUPRAS-
DLLME-FAAS Jritf /K . Mokt R i e fsik bt T
ixE: DL 1SRRI T B A b B 5 1 SUPRAS {25
BRI, AL AR, KHRK 0.03 png/L, BEMECN
134, R 94.0%~105.5%; RGNkt L, %
Tk E AR S, R PR AR . pk4h, BLIKPUfiA 12
EEH THF {458 SUPRAS, #5377 —FhJE T - TR B
BIATE, BT T 5k . B P o A B BOKRE T B,
TR, 18 T R TURE il P A

KASHANAKI 245204 SSME 5 DMSPE # AR B,
ST —FP R SR ORI A AR BOE : 15e
KA TR & TR EE Al-Fu 40K3 /|, I 1 THF #471#
W2, Hed¥s THE AR 5 1-F Bl 45 s SUPRAS; fie)n Al
GFAAS ST Fill A i, FEBAELME T, vk mis
280 MIE RS MR 02 ng/mL, 5 IAd7 BaAH L,
DMSPE-SSME J5 i Al A U5 fb A i . mall s 4 e 7, H
A e B R T 0 R R, vkt nT A R T
o At 1) 25 IBURN T 4

2.4 SSME 7E#i5 34048 o B N

oA R . AMA HVLTG G Y (persistent  organic
pollutants, POPs). 3% N 43 T-H ¥ (endocrine disrupting

chemicals, EDCs)FIf#¥H K} (microplastics)J& HAT 4 K
RUBTG ), AT LR JUA ISR () ZH0Ch B RTIELE
A RN A o R AR T RHE G (2)T5
EFERA, A B At i, X R AT = e
BN, ()= B30k 5 R XU Bt = 2T i RHETE
ST, G YRR L R L, HAE IR B ETE
SR A E R 27, IR W XU A Fis
YUIRHIATR TR kI . DURE | RISy S5 ht
R, BRI RIS POPs, 457K HIERMGE . W
T A XU S 5538 ¥ 50) KR 3% 55 EDCs, HJJE T#i5 49
SSME FE3X 257 15 YRl p iy 1o FH, L% 4.

YANG S0 DU o WA pn T Ak 5 oy DRk ol 45
SUPRAS, %i#5 LC-FLD, T8 &b h 2RI 28 iy 4 Ok
RS, KBHBRN 0.11 png/kg, FHEHN
89.86%~100.01%; #&AFE M ALPERTEIFE 30 min, 5 GB
5009.27—2016 ( B L EEFZIRHE & AR ()eE i
FE WA G B AR b, 20 1 R e b, Tk 60%
f b FERsTR], T A UOILLIE S WEFT THF il % SUPRAS, 4
4 UPLC-MS/MS X} & Sz pr kb 8 Fhalok — F iR fig2
BRI PEAT TR, ARy 0.1~1.0 pg/L, EICEN
84.8%~117.5%, ZJ7 kMl . ZRMEF AT 5. BR T L
LS YY), SSME WRIAE FH FHiE R
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%% .

PN P SUPRAS WREORE  DERE EEEE RME R 'jc;i
4 Tl i 255 (e i v
NE. BRI A PSR .

B S-SR TR SHUT /A P VA-DME HPLC-DAD 30~60 ng/g 99.5~104.2  [66]
WE . R E)
T AR+
BEE®) K Tk = LA R MNP-LLME® HPLC-UV  12~118 0.10~0.76 ng/mL  92.0~111.3  [67]
bt
D\ i 72 S
‘ g M.
TUIR 2 (5) e FERA B/ e LPME* HPLC 48~198  0.7~3.4 ug/lL  61.4~130.3  [68]
‘ B iR
3 g R 28 B .
PR L SRR .
WP A, KEE . VA-LLME HPLC-PDA  153~241 0.06~0.14 ug/L  99~101 [69]
o Afb
Batvh L)
. TEE R/ T A
RITEE i " 7%; R UA-SSMEP HPLC-FLD 0.11 ug/lkg  89.86~100.01  [70]
Z I T7IE(13) Znt C R/ O RN DLLME? HPLC-FLD  38~46  0.02~0.04 pg/L 85~105 [71]
2T IE(T) + 1 I/ THF VA-LPME® HPLC-FLD 0.07~0.4 pg/kg 89~117 [72]
ZUHT5H(15) R 244/ THF SFE-SSME® HPLC-FLD 138~196 0.34~127 uglkg  60~78 [73]
ARZHI . o
. +4 VU S5 IR I /1 - SSME* HPLC-FLD 0.07~2.30 ug/kg  76.5~105.3  [74
P b1 KR/ 1 - ug/kg [74]
TSR | "

) L WM MR 1-PEEE/THF DLLME® UPLC-MS/MS 0.03~0.15ng/g  81.1~120.0 75
s o e ne's 73]
T B il . .

PR R (8) o 1E=F[%/THF VA-DLLME UPLC-MS/MS 0.1~1.0 pg/L  84.8~117.5  [76]
T4 HLA A /IE
R THERER(4) L& ﬁ;@? b LPME® HPLC-UV 10 pg/kg 85~93 1771
PO = F SR
AR PRtk 4 IKEE o DLLME? RP-HPLC 75 0.3~0.6 pg/L  93.1~104.4 78
s @ K e s he (78]
XU AL WL S AR 1- 282/ 2% SFME Bt ZE il ZE I ASAP-MS/MS - - - [79]
TE2E /-7 3E-3-
W R AR HJERRMESA PSR SS-VA-HF-LPME® HPLC-DAD 330  0.10~0.22 ng/mL - [80]
iR LR
1SR/ T 53
WER R ARG FJEBRMEEAIUGR SS-HF-LPME® HPLC 334 0.10~0.22 ng/mL 88.30~93.93  [81]
TR L

SO AR % -9 G I 4% 15 (high  performance liquid chromatography-fluorescence detector, HPLC-FLD); Sz AH /= 8501 AH 2 1% 3%
(reversed phase high performance liquid chromatography, RP-HPLC); /< JE [ 1A 23 B #8 &1 - 5 6 i 3% 1% (atmospheric solids analysis

probe-tandem mass spectrometry, ASAP-MS/MS),

Frll: SELAHLE %503 F 2% ik A — 74 FR 3 Gl Ak e il 4%
SUPRAS, %54 HPLC-PDA Kl /K #EH 3 il s Bt
KBRS 0.06~0.14 pg/L, BEMECH 153~241, [H
W H 99%~101%, M7k fE R E S5 5w, TSN
JEARHRRBBUEE,

7 SSME i #Hp, B A B 0] LU A HAR T
SUPRAS AHUTAE B0 & A IRk 1058, (H bl R AR
K, MR FRPDE MNPs 3 2] SSME 1t #rh, Al
PUBEGL S04 S, IR R AR . JTIA S ot ek A

FERRS5 1 3k = W L AL & . SUPRAS, BXAIH
JKAPEMNPs, F:454 HPLC-UV 4347 7K FF i e 24 7 4 s 15 i
Pk &R, ‘RN 010~0.76 ng/mL, [B] Y &K K
92.0%~111.3%, $REURE{LFT 3 min, ZEHF5EH SSME Bk
A HUKYEMNPs, fRifk THBGE AR, 4606 7 ARG R, HA5
BOHTBhE SSME $RAT HLAER, %05 1k R BT A 43 M B B T
WA, WA R BOE E T LA B SSME.

GISSAWONG Z5LWR 5 1 1R A PH B 3 1 75 4 791
fE /) SUPRAS 7£ LPME H B3 F P, SR+ kg3t —
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FLIRAL 8 A b 56 = B LR AL Bl 45 SUPRAS, #4564
HPLC, XS AW 5 FusR 2 2500 ke i,
KRR 0.7~3.4 pg/L, FENEEN 61.4%~130.3%. %77k
fAT B PR . PR, #4509 SUPRAS RITE S IR N RT3 5,
7 SUPRAS 4 AR HE T 7w .

i, TIMOFEEVA ZVIF & T —Fh L TS0 H
oifk SS-DLLME Jrik, FRiIIHiZ, & HPLC-UV ME AT
13 MERR. IR ERRENFEHNRHIRAC
2. CLRRENS EOKFES AR, A ZMEEE 8IS Hissr
Mri R T4, 45530 SUPRAS Al A IR 3155
K, ARG B, TR B, B MEEDGE
FEFFSE 4 min, RS TRIR A 0.02~0.04 pg/L; %
JrEk TR P B ik, HAT R B AT A

3 4RI

S AN, SUPRAS BYALRTE THBGE
. TR SEEIRR, T RSB SRE f FA TE
GRS ) BER T, BT LAZE & ZF0 i BT B
SHAbRARBH, &M T & E RSB . 5
oAb 2R (5 MU AR L, SSME o J7 3R H 45 f 11

HEFWARAB L, SSME M e T HAL AT 52
P A TSR . BLTR A SUPRAS 414 (U1K AR K 1
WP NS R | ) AR B HAG (K75 R b 1) A e b
AT T FE b R BLHIRREFRE . (IRAAS . FRAE(E
PRS0, B4 R BT D, S5IE R
TARZEIU L, SSME ML FIAEAT S . B
PR THE, T R & SCRUARIL . ZIREAETLAE
ik, POE TR AR RCR R . MY AR IGRE S5 . AKIGE
FRURAN, P o B A R A R, RS
A

R SSME HA 2 Rl s AR S il 5 Fi o, B e thrf
TE—LEFRYE: (1)—/% SUPRAS HOZEEEHR IR, TEHTRT
T LM RE, SRR BRI R EORE, FLR R AR
FARAT HLIE b 233 R BE A1 8; (2) H Al SUPRAS JEA |
& A B /R AN THF 45 00, RO 45 15 &% )%, H. THF
HA—mEt, AR TAEMALU THF H2E08 2 B X805,
(3)SSME 33 8 Fp i 7 L3 2o 1 o 1 25 SR AR A AR 40 5, 38
THFIA];, (HTERBSER)E, SUPRAS 546 MY 2815 % 1
HeFs [m] A2 B AT — RUERS, 41 SUPRAS AYAIRHE & M
T SAETES T8, Bk, ST SSME $2AR K
BEFH, A JE R R msE LT 7 BT (DERS BB
WOTE I, R RIS . BRI G (848 4 (A B B AR 4311 511
Q)F & MR F IR, HRRIE A E AR M I
PRV, 0 P R T 6 1 B WA S 2 o T A —
ATTI); (3)FE SSME i i R il 5 | AZRmETRAR . SRS
T IEATAR A 85, J0I AT DAk i O 1k AR B RE R, 2R AR

HOE; (4IFR A B SSME H0R, s 5 H ALK AR )
. 1bAh, SSME 1T 5 A 1% fig(artificial intelligence, Al)
HEATH R R4, SR “AT+SSME+E 8 = M2, SCHliE
PN - R il - s AT A3 . SSME i 55 I 5E ik 4
RZE G (D) FERI I FH5 o Sl 708 2 i b
RARE RGOS, SCBXE . PR E R
SOE A TET B/ OATD STk Mg 5 W ¥ i< a2 Sl o €y
TCHRARUR T &, SEHLCRE A -5 50 i) S A A s 4y
o BE X s 0k — 2B 5, M5 SSME Ak
B ARG TS e S5 ke i i R ST gk ik . A3
fb. k.
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