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A BT R B TS e 0 RO R AR S R S

KEIR  ABEONT, WAPETE, SO/ - AT B,

S S-S PGERE TS, V5 YA

FESES X-1; 06 XEKFRIREE A

Environmental analysis of organic pollutants by gas chromatography
coupled to high-resolution mass spectrometry
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Abstract The extensive manufacturing and use of chemicals by human beings makes numerous
chemicals ubiquitous in the environment. Many environmental behaviors of a variety of chemicals
such as migration and transformation may occur in the environment, posing a threat to the ecology
and human health. Due to the large number of environmental pollutants and the large number of
unknown compounds, as well as the limits of low resolution and low scanning rate of traditional
analytical instruments, traditional analytical techniques cannot meet the requirements for
comprehensive screening of environmental organic pollutants. High resolution mass spectrometry,
such as gas chromatography combined with Time-of-Flight mass spectrometry (GC-QTOF MS) and
gas chromatography Orbitrap mass spectrometry (GC-Orbitrap MS), display higher resolution and
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higher sensitivity than that of traditional analytical instruments. They have played important roles in
the field of environmental analysis. This review summarizes the research progress of environmental
analysis of organic pollutants based on GC-QTOF MS and GC-Orbitrap MS. This review
summarizes the pre-treatment methods based on GC-QTOF MS and GC-Orbitrap MS for the analysis
of different environmental samples. Their applications in target analysis, suspect screening analysis
and non-targeted analysis from the perspective of different environmental matrices were discussed.
This study is helpful for future research on identification and quantifications of emerging
contaminants in environment.

Keywords environmental analysis, high-resolution mass spectrometry, GC-QTOF MS,

GC-Orbitrap MS, pollutant screening.
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O i A N A 45 e T R B SRR A AR IR A ML G ) T A O IR AR G e BT R
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B 2 (I TP A B R i B, ELAA A AT 1 R e P (EFE BT & A IR R A (R BT
JLYIEt, w] AR B TR AP . S, IR TR A th A AL e R AR 2, ELVR R R AR, Y
PRAL APt ] BEAF AEAR K22 0. 9 oh, A ik o A i & 2t Horp i R Rk &9, LU R
HE ARG 14 S5 46 5 G Py 95 fife AR AT A 1 P 5B AR 22 BV E AT LTS e o, i e 5 R R A R
15 YLy, X T ) 3 R SR B, TS G2 20 A S8 19 43 B M i R BAIR, Tovk 2 R AL &9
Y TETIK.

YA BT R K R T, X A 2 i PR S ) B DR R R AL TR SR AT Y R R A ik T
15547 HE 51 (high-resolution mass spectrometry, HRMS ) 4% R ) & &), HRMS F¥) 43 #2438 H > 20000 H. it
AE < 5x10°°, I o HER L B A SO0 A H 2515 290N B3 A DG, DORRAT HR IE AT
6] 5 1% ( QTOF MS) 1 H1, 3% %L 38 BF 5 1% ( Orbitrap MS) 42 fi 5 J1 114 WG ol /&5 43 98 B 35 A 2% ). QTOF
MS il Orbitrap MS Jit izt 53 AT ASCHEXT 20 A 9 11547 468 5 Ao ) ARt o 0 o3 R o ot e b B ) 5CH ™), 4
LR, Bz 4T R AT DS B H bRk A 0 i A, v] B8 1A Wi A DL AR B Rk A P i AL GC-
HRMS B B AR AE A /3 A 40U )32 B 1 25 58 IRBE A AR, B anok . R, HERTa gt S5 b i
PREGFRER, 2P IARBEIL R, an2s S, HERK AR A (R8T 15 G R 3002, DL K sh R A AT 9% o
I BTG e P A AE S5 5 TS, 2T R R M A BE 15 Y HE F AR i A 1A T AL

B 53 R DG TE YR R 40 R T R R AR IR B AU 0 N, A v T A G i o S 1 A 1)
i, AT BEAk A W it A L AR B AR A W i A B R B S TAR R, 106 3R 408 2T GC-HRMSS BX
AR 2R IR B AT 0L AR SRS T 35 70 Hr h 36 F GC-QTOF MS Fl1 GC-Orbitrap MS HIWF5T, 322 M
ANFEREARF M EE ATVHE, Wi YREA | HHEREA | SRREA | ARIRRE AR R AR AL, 2k
%£F GC-QTOF MS #l GC-Orbitrap MS 1 5%F AN [RIFEAS 347 43 Ar I 1 3 I A 3107 125, A B T A SR AE
22 IR B RN B i SRR AR TR T R S e Ui, M AR I IF I RIS

1 FEHHTH GC-HRMS(GC-HRMS in environmental analysis)
L1 ARAh AL H

Bl AT AL BERX 25 R BEREA T A HLTS R AT o0 A B A 2D B RE AT A B AE AL AR 73 P 2
HXSRE 2T AR I, et A e S A e, ANURT LAY 85 H AR 3, 18 REHERRRE v i) TR 4 55,
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X TR 15 L), IR B & R AR i DI RE. A AT AL 387 V5 AT o R W B A e RS, b Bk
FFGEITUE . B0 2RI W R ZEIAE, AL B UOUE L 455 45 FEIREE A BT s, 5 FH AR i A B
A AL FE BRI HE BB R | [ AH 26 HUHE R (solid-phase extraction, SPE) | [ #H {3 % B 4% R ( solid-phase
microextraction, SPME) . QUEChERS # K (Quick, Easy. Cheap. Effective, Rugged. Safe) . Jill it A %
EX(pressurized liquid extraction, PLE)%:.

RICHEIUE—Fh 28 LR RE S AT AL BTy 75, — B LRI AE IR 40 b o 4l Ay R R I AR
902 R T R T 0 R R, 5 ) T R 5 A T — PP B IO A R, T LUK R H bR AR S 0 R
FHANTR] 3300 ZR 4, A< I 1] (9 4 BBORT LAGRUE B AR P i [T, I FLE H TR B ORI A 0. AR
(1Y, 2 IGHR R AR B, W AR R, TEvk I A al B/ MG O T 19 23 T 25K 21, SPE 2 41 1 [#1 44 W i
SN B E AR 53, 22 e Pk 10 i o 5t 5 2 R P B 0 43 25 01 5 4 B AR o3 A 1) — R AR U 7, 840

SRS THAE I BT A BARP. SPE e W8 AR - 1y 1 B T 09 51 I HL 5 2943 AL 700 A1 A B[],
{FL T AH A& O Ml L $%, SPME J&7E SPE Ltk L ARAL A5 2 A —Fair Ab B 77 vk, IR | 2RI, Vi 4 ANtk
FET— 1A, S AT RS 2 ARG &, SRR 2T, Rk T SPE [N F-AIR Y e i 122 4,
SPME #% U AU T 53 A 0 26 U J2 FOAE i b i 43 T 3R 880, DR A A B A5 O IR 2 AR AR A
&P QUEChERS i A JE —Ff ek | faj 5. BEM . 2k, i FH HL 22 A AT AR 38 05 v, 1) FH R B 550 SE0RE g
FRFE T P 1 2% o DA S 3 Ak, 55 22 BLAR BT A L, QUEChERS 5 A VHAE AR it 22 AT 371 20, BRI
=, PN RS BT P RELF ). PLE & —FPAE = Fe 454 R, R A HILIE AT 2 By A sl Ak s, P34
TET A AL B AR/, A 0t BB I, [R] Ao 4 s 7 R o 09 IR 32 29 7 PLE J& — 4> i
T R P AR G AR, BT DA BRI A 4 A, U R BORERE B9 A ) 2 A5 25 o3 i 20,

1.2 XER5 T

SA TSR DL He, Nyo Ary Hy S8 MR IR S AH B — B or B EOR, 18 A AT a2 rE
FERYEAG ). A AT AR RS, SO AT AT DR AR AS th A R DN 20 535 4% B PR g A 743 15, [RIEsP Ry H
PAb A Wik 2 Bk A #% . (035 5 B i TARE S0 22 R, 38 5 2 5 mT DA S B0 B 53 1 17 4
IR A Dy e R A I E s A BRI B I R A — i AR AU R A9 B R g
W FURA B TR T B TR (ED | b2 B (CD | Pl 25 U (FAB) . HUME25 FE 25 R (EST) |
RAEA B IR (APCL) | 54l B O'G i A v 25 I8 (MALDD) | HUJEGHE 5 55 B 1A s i I (ICP) 45
RS- AN, B A 1y 43 At 22 48 0 B 4 0T st 43 A i AR BT 1 A 0 8% P S E B . B ER A AT AR R — R R
P A (7] 7 2R 18 57 A 8 B 4 A B R /N a3 T O HE S LIS (A, B 45 TRAT I ] 5T 3 0 A
(TOF) . {5 B i A% 4 25 1 (] i e i o i 43 B 8 (FT-ICR) . DUAR AT o7 & 20 B (Q) L HILiE B 1 Bif i & 0
Hr#% (Orbitrap) 5. J5T 2t A 25 0 AT LUK BT 10 53 B 85 73 B3 1 25— T e 46 by T it 4555, A i sl 450
AR BT F Y . GC-TOF MS R 1y M6 B2 A1 R AR AR, 1B-5 DU A AT I HI Y GC-QTOF MSS I #g
i 15 3 135 BT 1R FE IR, H 5 GC-Orbitrap MS & H HIT GC-HRMS 1E R 5317 S5 14 T3 e B 5 DL 9 4
A,

1.3 Hfab i

GC-HRMS Z3 25 7= AL K a7 8., B8 A B 43 B Jo 2 4G DU 25 WS04 380 1 335 J1 £ 8 A S B s e R
5] 5 235 R T OB A R LR M A 22 1 B AR AL B 3 B A T A R € 5 O B B R R AT SE B H
P At A Y Y B 5 i A Es AR S0 78 RT BEAL G W o0 v, AR P LR AG I g U 4 2 145 B MU 5
TR, [l KBRS 54, UM AT REAAAE B B G4, SRR B T I B o fl T2
B8 B VL C DL SE BAL S M i A5 i A 0. A B ARG W o e Se UMM TE TS B o, Tk T A
WAEBRZ FAES . R E —E W E M L, P06 5 I A WP 55, 700 a L, AT AR 2 F 85t PR sl f
B 2 T ESCHE , 07 55 B T AE B35 e 43 T2, — A0 SRR IR 45 R 1) 15 Yl W T RE RS Oh e B T
BURFIE AN FHRRE AR A, o] /R A R B IR ) RN e V5 e W o F I, B B W S i b A7 208,
AR 8 B A 153 S P L I8 vk ) AT 0 254, 5 A B DA U B 1 A T o i 0CHi P Ak 2 AL
i FEVC B, I HECA N TR 56 58 Ak A P 25 46 1) e 248 2. S PEAl GC-HRMS R G 24 8 45 R 2
FI%E, A] 2% Charbonnet 554 H (19 B 5 SF JLPEH 7 k0,
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2 EYETEIERYETEE (Screening for organic pollutants in living organism)
2.1 FEYIREA A BTG G ) i A

PG TE W /D U T AV E YR R b B E AR ], (H AR 25 20 R IR TS e, TR
[ TE A2 % P, GC-QTOF MS 2 fie A3 AL A 25 5% B KX A% 2 —, o5 QuEChERS JriE4s & E7EA A
I P 8 AR 245k B O A 5 U0 O I 5 v Btk ks £ P (3% 1) GC-QTOF MS IR 4 43 A =0 v ¢
SE 9 J5T 3 B A 1) B AT ) I3, — Ok S A 21 8 B8 T LU i 2 Yk 23 B LUIR S B8 245 ., Al A& 3
B 328 326 75 T oAt A% 0 5 B A0 B A2, %) He GC-MS/MS 5 GC-QTOF MSS 7E/K 3t | B h Rk 2 L5k Bt
75T L5, KB GC-QTOF MS FE PR | il f i A A A 24 5k B 00 LU K AR H AR AL & W eciil Iy Th 19
FEIU T Sy 5 OO o B T I SR SR L I AR SR BN BUBCRIEA B N, DL R HH () % R S b Bk
PRI E A WG RREFE RS Th R BRI R b 5%, PEM 5 R ASUH Ak 2% HE 15 T (atmospheric pressure
chemical ionization, APCI) ¥ 45 ] GC-QTOF MS 7E 5L it 4% 24 5% B8 Ko I Hh (4 i AR, 45 2R B /s 7E R o
H A — 2 VR AR 2498 5 VSR AL AR i, TT LB o R 24 1 28 5 L 1975

R 1 XPHWREA B LTS G AT 05 A A T AL IS ¥

Table 1 Pre-treatment method for screening organic pollutants in plant samples

WL/ B e LY E S AL 7 E= BTN

Plant type Pollutant type Pre-treatment method References
AR AL AL BUK, B3 I ST HLBEAR 2500 5E QuEChERS [11]
SRR B B HE . i 152F T BEA 245 A SPE [36]
i/ T B 244F AT BEA 2 i QuEChERS [37]
A 209F 1] e 24 i mini-SPE [39]
e 482 AT BEAe 21yt £x F13QuEChERS [40]
KRG 210 AT EEOPFRsi A QuEChERS [41]

AT R AR A 1% 25 U (APGC) 5 H T35 o f 25 U5 (ED 647 T %, LAl GC-QTOF
MS 58 5 L8R i BB AR 25 7 12, R I APGC X FIT A5 23 e W 1l R B 45 5 1 1.0—8.2 51,
M AE 7 — AU BFIE Y, APGC (W RS ELAH LR & T 29 7—305 £55), B APGC-QTOF MS #J
FH T L85 R 5 A LB A 245 19 R B A3 B 2R IR AR P R B GC-QTOF MS #5718 WL AR 85 v
152 Fif 25 (R MER S 78 vk, SR 38 AL Bk S i 6 R AR IL 24 AVFE S A 25 5% BE
HEATREI, A B RE SEIE RS H R, 1 68.8%, i K T 0 [l R A T A% 1k 1 FH A9 259, WS vh R
H Y B-7S IR C b (beta-HCH) 45 & B 5507 A4l 1 AL 1Y 244 Bk 24 5% B8 10 A% 1 Jo a2 50080 e i IR
XA 12 AN BRBURE S T 14 AT UBURE S EA T4 25 (R i A RN T 24858, 78 9 AN EEBURURE 5 A 3 A>T
PRBURE St AT 8 Fhfe 2507 {8 B 7. 1Y KL DU FC AR v ph 2R Xhix 8 R 25 A7 i, 45 2R o, fif
SROHBURI B4R A AL ) £%) 4 Tk P BRI (difenoconazole ) ¥ B 7 G H FR (LOQ) LA |, H#e B 1 ok 3 H:
FE GB 2763—2019CE it % 4 [ G bR 1 B i v A 24 35 ok B8 B 4 ) b Jor B2 %) e v 7 B PR A 07 LAy
7 RARZG I R LOQ, (H4 N T %48 HARYWETRY | 85 AHXT = B 4505 25 nl SE LA e

PR FRR SR, W FETE R S R S SR AE L R, IR 24 FH B e m I E Y 2
—. BRI, BRI SS T A FTEAR 24, 1 2 Sh WK -5 0 ol I AR 3 1 2 8 A R R AR 55 v 1 A 245 R .
A5 A GC-QTOF MS 54 1 8 [ AH A UL 43 B v 6] 3 A4S 32 A R AR DX Y 7 4 S REAE AR, 76
5 Gy REAS v RS B 7 A 25, Mk MR T CORESTA ([ B 48 5558 1 0 ) 3 B HH B A 24
SRR B IR SE SRR — R A TR, AT A NS, A T35 K 2 58 3 0 1 B 1A 1l
55, T 56 S A2 R BA 0 A AT 5 A B T VA A R XU, A Ry A 2 A ) 24 % B A I R A T
JE % P9 Chang 45 49 7 57 T GC-QTOF MS 1 LC-QTOF MS ¥k 4 H 35 QuEChERS 4 A # ] 4% % rh
482 PR 245 5% FE 10 U5 %, FERIHZ T T SO L3 S HEAT /00T, S5 53R 7E 38 LA S PRl 2 T 18 Fhik 2y,
H:rh 4,4°-DDE F1V B¢ 5% # ( phorate-sulfoxide ) #% 2020 4F iz € F A A FS S 11 [ 24 # (U3 YA E A ]
Kor ty, FLAb AR 25475 A R A T AR 4R

B SRR 2 BEE S, WA 53 F) Al QUEChERS 4% R 454 GC-QTOF MS #: 57 T fgfs — i o by
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KA 21 FA HLBEBEA R (OPFRs) (Y w38 5 43 BT S m, X5 mm (R R i AT — RAVLAL G, T e i RS
Filik % 0.05—1.07 ng-g ', M5 & 43 A R [A) b XY 6 £ KRR AL i, 3eA6 1 14 Fh OPFRs, ¥R FE 7R
0.05—10.43 ng-g !, HA AR = H g (TMP) FITBE R = (3,5- - H JLZ53E ) i (T35DMPP) A AG: H AT 54 i 1),
2.2 S B AR BTG G ) i A

— ULy B U YR 22 R DL B BRI VR O W DN AR AR IR B AR AL | TN A T Y5 O 1 A A
R Gémez-ramos Z5 ) i Ff GC-QTOF MS A1 GC-Orbitrap MS X il 1 £ A HE AT A 175 YL 4y A5 40w
Ay, KRBT AAE Z IR L AR IR EL | A BB A RN e 1) 24 % B W TE N R SO A 1 A T
Yy, UERHBRE 2551, Z 05 R IR BT TS Y B S i A B S G A PN, ] BB ) WA AR W A s, £ 2R
A DL B K sl e iR B AR BOK T A S, Bl T R K AR PRI T Gl K ST 4 AR A )
FEFRM. A WF5E K ) GC-Orbitrap MS 7 H HL 2= - o7 85 AN 5] i Bl 4 46 £ 20 8P i) 2 36 5 9% (PAHSs) 5
KR Z T4 (HPAHs) &, LT A REA b PAHS (Hk B %8 75 T HPAHS, Al BEJ2: i T HPAHSs YAl ]
PERARY. AL A 1 (CPs) J&: AA 7 T A KA B W N I 45 A A HLTS e ¥, A B 58 A BAAE 2014 —
2017 4F 4 AF (R CHE T 781 122 SR fik fa fN 11 45807 A f: £, SR GC-Orbitrap M'S &2 fi: £ Hh (1) 4 B
S AT (SCCPs) il B S AL A i (MCCPs ), &K SCCPs 1 MCCPs (3 B 75 [l 43 A )12, #ad 3 4k
w2, H MCCPs B~V Y4k i 38 # 5 T SCCPs!™.

J£F GC-HRMS 73 Hr A LA N AR TR 2U N i R 245 DL i i o = B R R A BE R 2 ). R 5%
WEBH, T R AR P Rl CPs B K, 8538 A T B A1 I 2 55 e 1Y) S0 22 i F P 22 8 7K -9 Wang
SEL R GC-QTOF MS Xt — K EE B i) 4 MG EAFEAR AT 40T, #6 3 NFEARTF#E BT SCCPs, k& X
] 7E 436.4—781.7 ng-g™' dw, HrP £ 7. 8 & SCCPs J2&: 5 B 1Y 7] 2 4. % WF 5 BALE 2016 4F M
M EEBE R T 54 15 ARG SAEA, IEH ] GC-QTOF MS 43 #1 i £ 7 CPs B 23 #ii 51K S 451, 1
54 FEA TR RN B T SCCPs, 7EH 38 3 AEAS G I ] T MCCPs!7.

A 25 1 ik i A0 AT REAE — o B BE L A LI R B A BFSE 7 T GC-QTOF MS A il B {4 il
B L AR 2 58 BR 04 ik, R AR — A 7 LA B SR AT I R O A 6 R 255K EE, S 4 R AL
G4k 2, 1S (Pentachlorobenzene) . 75 %7K (Hexachlorobenzene) . JZ 754/} (trans-chlordane) . X} 547K
I 25 (p,p’-DDE), A M BEZK (biphenyl) . B & = 2K (triphenylphosphate ) %',

3 WA PAEVIGLRYETFEZE (Screening for organic pollutants in environmental media)
3.1 RIEREATPE LG Y BT A

H i, #H GC-QTOF MS F1 GC-Orbitrap MS i i + LA b {5 Y ) iy 0 58 2K T PLE SN i b 3
J7%, HE 251X &5 G S 4 SEAE AR, TXHCA Bz Tl T B sl H At T 44 50 9 b S8 A 58 A G388
(3R 2). BARA AT AR LI OCF 3 i WL ALY B9 5 A A 2 0% T BRAR AL 5 e fi s e Ak i
KM ARH =Wy, — W58 A H GC-QTOF MS 3R $EAR i A J7 7 % 7 FH i A 245 45 7™ Mt v g 2400 9 A7 H1L
SACH AT R, (8 T — 25 PP Al A v 7R WA T LA AP BOFE AR — i BT R m 19 16 G . I 9 E
i BARP o341 B3R, DO AR S = £ 6¢ (DDT) M FLR =) — A — K — & )% (DDE) Fll 5 — K —
S Kt (DDD) S 1% Jy 5275 Y XU = 2075 4 Wy, 454 AR FEAR I A 45 SR R B0 2 Fh DDT 4592514,
A LAHEN DDT MR AR AR, itk — 2P0t 58 A LA 25 T PR v A SRR A 7 o 4 At 1 SR g ),

AW 5% F A GC-Orbitrap MS AEFE 0] 43 M1 A1 GC-MS # [i1] 73 #1435 & PR Z A W00 7 12 %6k T L 58 Ty b T
b 75 G 4 S 1) 2 B 5 A A S W (PACs) #E AT 3RAE, HAR T T 78 # PACs IFETE, 7E LR
e, 2R ] A AT VR S AR TR, BT LA H ARG s B S e R W TE R B AR AL S ), IR R 4
Mréb 2, ¥ T — A8 12 Fh Y . AT LIRS IR ARk & ML A o8 Ak & 9090 35, A Bh T
FE A K 5 Gl 37 b A 98 i XU PAR U2, 55 A3 B 98 A PLE $2 BUCE Ak 2% Tl el 4= B8 v 09 A LTS e ), A
FH GC-QTOF MS 4= 1 #i5 X0 $ B HE A 7 AR BE AR 07 A, JE T 1m0 20 B o 31 B3040 2 1o T 8 ) i U]
96 Fl b &4, 445 25 Flfe 2 . 21 B PAHs I 11 23X F5 1At 49, 3£ F Unknowns Analysis X 14 f)
RENY) AT T 29 60 FoA LTS YL, B4 m o BB B T 2 A ) T 2 B EORN 2 SR U 2
RS @25y B0 S ok AT I J X B 22 S AR A SRR i B AT AL G W i A TAE, R B R R M s g - 48
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1SRG, S LU TR AT FE R0 RS 4 478 S (AR A
R 2 THAAIFEIREA BUREA A BTG G i Ak BE D7 12

Table 2 Pre-treatment method for screening organic pollutants in different environmental media or samples

PR A lEE 27 S HALHTT 1 SH MR
Environmental medium/sample Pollutant type Pre-treatment method References
EFEARAAET) L AHEY) KAL) PLE [49]
+-i5 BT 2775 e ARG EAEY) PLE [12]
B2 Tl bl £ 49 L INGE L PLE [50]
EIGY T R SPM, 5 HHLISRY PLE [51]
sk L EEHPRI AHLIS Y FRICHRIK [52]
I A 5 B e M < EELIREE S RICHEE [13]
wal FBERA HPAHs X HAB HLI5 Y PLE [53]
ME Z AR SPE [54]
P/ I SRS AKAL PAHs K HAA DG YY) HS-SPME [14]
KA ey SPE [55]
FE RV EY) HETE S [15]
. Wk PAHsXHPAHs PLE [56]
T A FEEY T [EPL Rl TR [57]
A/ EEDIREE S FICHEH [58]

3.2 ARREEA A BTG G ) i A

i A KA AR T 0 LTS G A B T B S A ORI (0 A R, A 4 T 48 AT ke TR &
FRAEFRAE SCRFCY. A WF9E AT GC-QTOF MS X 8 75 e i F2 18] 1) K< PM, s FEAS R 7 HLY) 43 #r, 3
PO 182 MWL &Y, LZIT5 I SRR . D7 BR . IRIIRER . KeBEds o 3, AT s R
VLI T GC-QTOF MS 75 KA1 UKL 4 A HLA () 5 1 07 A N ~F o 12 T AR 34, AT SRy i e 5% < 5
4 A BILA I O A B A R S 4, RO R 46 LT GC-QTOF MS X bt i & 55 i KA i
AHLE R T T AR MRAR T A, Horp, nTBED I A5 S0 U0 T LA 2 I T5 ke R A AR | SRR U IR
A HLBERRES . EA A HLA S AR 65 78 Fiib &8, AR A2 U0 61 Fpy i, (46 23855
& M AT . BESRFA] . A LA B D AR S SIS U S A REAE TS e AT T AT, U
A LT G ) SR B R 288 ng-m”, MY RAAIL T GC-QTOF MS 7E 3RS A% i A r A I 34021,

BT IR A2 ST Y RS N 2 BRI, X Tl T Y U AR R A A A LTS G o Rtk A T
ST HT, A B T i — 25 S HE IR T ] R R 1 8 A 52 A 5. Yang 2559 SR H GC-QTOF MS X1 4
TR R A B A LTS G AT A B i A, X 2 G255 38 Bl HPAHs #E 17 HAn 0, B2 S5k
M BEYE [ 0.12—101.2 pg-m™°, dE BARsHr 35858 th 146 FhO5 F 1M 41 FIg MK, Hodr, 7E4E B R
TR B 16 FROL et il 2 05 I h, 98 B8 i = .

7 e e Yo [T AR I A0 2R A U A R VR A 1 B R i, (R AR R R S R M RS Y, B
FrAb A 1 53 0 AN i 4 R LR O T A A Y, iR B ARG S  AT LIAE S Rb g, YA B AR fk
G AT A R R A8 B AR 46 5 - [l i R BT 3% vk (FT-ICR-MS) #1 GC-QTOF MS 4R, X
T AR I B R AE R BT IR A K U A U ) Ak O B 1R SR A R A HL R AT AE B RR S
Mr, il 2 GC-QTOF MS, 437l 7 3k i A= 06 B S A58 . B 7y 3| AR e 1K 8 2 P ) Ak B A RO AR v it
S 283, 179, 210 Flfb-A4, MHIESAEEA PR 289, 298, 232 Fifb &4, #E €K AE S AEA HhiR 5]
RS Y BRI EIOR G R IR RIS . W BSR4 G AT A,

3.3 S FIKIRFEAR A BTG Y ) i A

H i, Orbitrap 43 Hr A 5 W AH L3 25 & F T WK shoa ML & P00 7 i &l i, (B 5 <A £
T8 45 I B FH T AR A 43 B B BIF 58 FE R 452 /0 04, A R 5 f6l P T 45 361 AH % 25 B GC-Orbitrap MS 45
G KT PGBE IR B LS V5 K A B ) K i AT BLTE e W i AT 43 A, AR B AR O A U0 T PCBs,
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PBDEs HIZ& HURI 4 Z R WL T, 157K i 15 Y P K 2 B0 IR 30 R 5 7 i i o0,

A W75 3 T GC-QTOF MS 43 #7 3% [ 4% b i 70 iy [X A1 o (1) 22 &K% (PCBs) , A6 21 L 25 v
PCBs 1) F 4 BN T . 7SS, PCB81. 128, 126 1 169 &7 f 48 55 19 PCB HA&L. 3% Ff GC-QTOF
MS 1 LC-QTOF MS P Fh BN % AR Hrke A<, o] LA A H R s il A% R MR R AL & 9, — T 5%
PR T P SR MR AR AR P B e 2, LA 52 Rk 25 6 AR o

4 HAIPIBEEARFRAYIELY D7 (Screening for organic pollutants in other samples)

BRI R ST, TR (G 2 RN 3 DA 2 R R W AR T AT BB 5 1 B (]
SRR A 5 O KT, T I B R R A AR 2 fih 25 D0 1 B 4 T L A6 IS A7 7 1 AR AR 27 A B A
[ B8 ] BE T Sk (VTR 15 % . A BFSE R GC-Orbitrap MS 7 AR5 ] 43 B 7 2 bk 5 5 60 £ 15 ] 1 8
) R R A2 o, SRS 9 2% 69 Rl I, £ B FHB 4 =R BN = AR 11 S5 R — W ik s
FEE LB FHAMEE AT — et e FH 1 B, BRI L2 — R = FH B rh R s A 2 0 S A X A
%, B L O Ao I 3 5 By 5 22 T RN B0, 11 R g 12 Fhos KU R AL A R, A — s
S B B M, N 2 e

NS S & PAHs & HPAHS, I LA B ATTZE 2L b v 0 A7 mT 8 6k A AR e o 7= 2 Jak
JHpiel. A5 A5 K Fl GC-Orbitrap MS X #ir BL 2% R Al H A (19 4= 105 S 05 K3 4 7R (%) PAHSs 5 HPAHS #4747
Br, JL B 75 A BEsE &9 b 534, Hoh i fbie . SR B, IRAEZE A AR T [a] = R EMW
HPAHs [F] 2 #0017 B 2% R W5 0 FF & B CIPAHSs % &2 f i, HikJ& BrPAHS, 1 B A 058y A 9 £ 4
PAHs & % 5 LB 4000,

F e W ARSI AL, 2 12 DU YL RRR LR, I A W I A o 11 R Ak A )
B LRI, T BEAEAE— e (g R XURS, B T YA R 5, 2 e v A oA SRk G A T i 22 40 L fie
J5RE ARG ) AR SA) E v  A JE JER I R ) e A B AR § R BT —TAF5E 5L T GC-Orbitrap MS Xf
I v AT g 38 Ao MR VR B B B LR Y AR AL A P AT AR R ) 4, EAE 10 N IR Be o e T
28 A I, Horp Ry L N-FF 2R | 1,6- S 28 3R+ be-7,12- A ER O R R AG: H SR X A i 71, i A
HH ) 28 Tl ot A A — S A A BRI L o A A5 SR 07 32 R L ) 0 S T, An A s e AT R
i — R . N-FH RS OR AR N - P PR R e 5590, B P 3 A T B0, 1 2 P R S T TR .

B AR AR (0 8RR R ASE 2 A Tl R BRI RO A 5T e i B AR, AR
HE T —Fh GC-Orbitrap MS J5 i, AT T olk BAsb Lk 7277 A 08 TROBRE it v BILTS B ) i A, O
XPERABEZs T, FRA L 40 BNRERT RUK U ZS ROIRE 19 ] BE M i 2 R R N AT 4B, JEAE R TR ok
TR RS 022 T 96 Fl A HLIL2 i, FRA A BR T CRAEA BT & A DAL B 4 i = T oAt
A AT, 5 Y 0 R A AR A R K e A CORRE S L B AR IR R KRR S R 25 R
Fri i B, )KAREH TR EEAEE T ARSNGB R e,

GC-QTOF MS 7E 43 At 855 4% 5 v 18 CPs J7 1 B A 1R 2 00, 7T [6] i) 43 17 52 2% 3R B3 A i v 11
SCCPs 1 MCCPs, 4 B& CPs i H 4 - 3 2 6 o T 0. A7 W 92 & T GC-QTOF MS 5 GC-Orbitrap
MS Xof [f] — 37 1l AN [ 5 S5t o 1) G A0 A I 1AEA T 58, 5 DDA T I S 1 £ 5 H ) MCCPs R AL
H1) MCCPs A [b, 5T XAD 1925 SFEAS kil 21 (1 MCCPs #e B2 AH X RO,

5 Zi5RE (Conclusion and prospect)

HRMS (1) A& R Ad X A [ RE i 1 H Al & P08 0 A . nT BE 40 & W A LA IR B bFRfb & 9 i A
N ISE . A SR EE T S B Th 3T GC-QTOF MS H1 GC-Orbitrap MS 4% R BIBF5T. 75 4L WIkEA iy
A HLY I 45 )7 T, GC-QTOF MS % 5 QUEChERS RijAbBE )5 145 4, FH LA W45 At W RE A op ik 245 5%
B . — BB 5 GC-QTOF MS 8l GC-Orbitrap MS X GEA% [z B ER IR A9 A= W F8 b 647 7 Wi, A Bh
TP 22 FAL R 77 2R A9 75 4 ml B A= A IR R . 6T GC-HRMS 2 Hr AL e AR R
[ 22N AR 2 0 B T 5% R AR RS 2 (8], FIIH GC-QTOF MS X iR S FEAS v i Sk A ey | B4
IR 45 1L T B 4R 25 % B8 R AT T 40 0T, A B T R A VS Y W A B B 2 A B0 R RS S B . R Sk T L T GC-
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43 %

HRMS X AN 7] 11 X LA K £5 S HEY B AR 119 fity 28 . - A L Y80 R0 B 5 IUAE AR 2R 47 20 AT, LA 05 e £ B2
Z 1A B S AL AN, JE RS M DAY 1Y 52

GC-QTOF MS #il GC-Orbitrap MS F T A [R] 28 8 - 58 | SR AR ARFEA ()4 LTS5 G ik, mT
DAXE IR A b A 3 G tE AT B R A AU, A BT AR E AR X A S G O LIRSS RS
Ak gtz FIH GC-QTOF MS Fll GC-Orbitrap MS 7EXF + RIS ARA Y 1 o (975 G Wy A7 0 2, % Y
A AL E AR FE PLE FI&R [CHEELAE . {1 HRMS 5 M (435 45 6 H T 0 Hr K A& 15 G 1 i iF 52 AH X LC-
HRMS 470, 5% (1 i b B 4% AR 2 SPE 5l SPME. & 1] JF % 3 F GC-HRMS #ifi 25 /K f& v 31 855 15 e
()5 1%, BRI B AT AL BREE AR B AR 43 B 45, b 4 TR 3 PR 358 A R sl R B A sk b 9 HLAE & W 4
7k T HE. HR, AT FH LC-HRMS 5 GC-HRMS [A] 43 M BREEREAS, 51280 XA A 048 2 AS ) )
ZAb B W i A .

GC-HRMS .9 K& F A B 05k . WO S B4 )L 2 e Be 2L A FL A AR REAS b i A 3 b 2
Y, AT AL BT AR FEAS R T AN R AR 22 57, 75 28 BLRBE . GC-HRMS 7845 FRE i v (9 )32 1l
PRI T AR 15 ey it A 7 T 1) 0 3 O 35, E AN TRV AR A T sl it v A 3 e i A T A B R B 1
J1. WA — 5T T GC-QTOF MS 5{ GC-Orbitrap MS X A [F] FREERE i o () [R) Rp 5 e -4 7404, LA
TRIL TS PR A o b B IRAF 22 5%, 378 AR B9 5 ] LA ] GC-HRMSS $2 AR X []— 37 i 1 AN
[ PR A o0 sl o T e R AT W, A3 AT T T R R B e A AR R B S AT KRR, A R T
— LA T G P 00 PR XU

5 % ik (References)

[ 1] NURMIJ, PELLINEN J, RANTALAINEN A L. Critical evaluation of screening techniques for emerging environmental contaminants
based on accurate mass measurements with time-of-flight mass spectrometry [J]. Journal of Mass Spectrometry, 2012, 47(3): 303-312.

[ 2] MANZ K E, FEERICK A, BRAUN J M, et al. Non-targeted analysis (NTA) and suspect screening analysis (SSA): A review of
examining the chemical exposome [J]. Journal of Exposure Science & Environmental Epidemiology, 2023, 33(4): 524-536.

[ 3] TURNIPSEED S B. Analysis of chemical contaminants in fish using high resolution mass spectrometry—A review[J]. Trends in
Environmental Analytical Chemistry, 2024, 42: e00227.

[ 4] ACENA J, STAMPACHIACCHIERE S, PEREZ S, et al. Advances in liquid chromatography-high-resolution mass spectrometry for
quantitative and qualitative environmental analysis [J]. Analytical and Bioanalytical Chemistry, 2015, 407(21): 6289-6299.

[ 51 HERNANDEZ F, SANCHO J V, IBANEZ M, et al. Current use of high-resolution mass spectrometry in the environmental sciences [J].
Analytical and Bioanalytical Chemistry, 2012, 403(5): 1251-1264.

[ 6 ] SIMONNET-LAPRADE C, BAYEN S, BIZEC B L, et al. Data analysis strategies for the characterization of chemical contaminant
mixtures. Fish as a case study [J]. Environment International, 2021, 155: 106610.

[ 7] ELIUK S, MAKAROV A. Evolution of orbitrap mass spectrometry instrumentation[J]. Annual Review of Analytical Chemistry, 2015,
8: 61-80.

[ 81 ZARROUK E, LENSKI M, BRUNO C, et al. High-resolution mass spectrometry: Theoretical and technological aspects[J].
Toxicologie Analytique et Clinique, 2022, 34(1): 3-18.

[ 9] HECHTES, SCIGELOVA M, ELIUK S, et al. Fundamentals and advances of orbitrap mass spectrometry [M]. New York: John Wiley
& Sons, 2019: 1-40.

[10] BLETSOU A A, JEON J, HOLLENDER ], et al. Targeted and non-targeted liquid chromatography-mass spectrometric workflows for
identification of transformation products of emerging pollutants in the aquatic environment[J]. TrAC Trends in Analytical Chemistry,
2015, 66: 32-44.

[11] CHENG Z P, DONG F S, XU J, et al. Simultaneous determination of organophosphorus pesticides in fruits and vegetables using
atmospheric pressure gas chromatography quadrupole-time-of-flight mass spectrometry [J]. Food Chemistry, 2017, 231: 365-373.

[12] TITALEY I A, LAM M M, BULOW R, et al. Characterization of polycyclic aromatic compounds in historically contaminated soil by
targeted and non-targeted chemical analysis combined with in vitro bioassay [J]. Environmental Pollution, 2021, 289: 117910.

[13] LIC,YANGLL, WUJ]J, etal. Identification of emerging organic pollutants from solid waste incinerations by FT-ICR-MS and GC/Q-
TOF-MS and their potential toxicities[J]. Journal of Hazardous Materials, 2022, 428: 128220.

[14] DOMINGUEZ I, ARREBOLA F J, MARTINEZ VIDAL J L, et al. Assessment of wastewater pollution by gas chromatography and
high resolution Orbitrap mass spectrometry [J]. Journal of Chromatography A, 2020, 1619: 460964.

[15] LIU Y H, WANG Z J, WANG W, et al. Non-targeted analysis of unknown volatile chemicals in medical masks[J]. Environment


https://doi.org/10.1002/jms.2964
https://doi.org/10.1016/j.teac.2024.e00227
https://doi.org/10.1016/j.teac.2024.e00227
https://doi.org/10.1007/s00216-015-8852-6
https://doi.org/10.1007/s00216-012-5844-7
https://doi.org/10.1016/j.envint.2021.106610
https://doi.org/10.1146/annurev-anchem-071114-040325
https://doi.org/10.1016/j.toxac.2021.11.002
https://doi.org/10.1016/j.trac.2014.11.009
https://doi.org/10.1016/j.foodchem.2017.03.157
https://doi.org/10.1016/j.envpol.2021.117910
https://doi.org/10.1016/j.jhazmat.2022.128220
https://doi.org/10.1016/j.chroma.2020.460964
https://doi.org/10.1016/j.envint.2022.107122

113 2 A PR HILTS Y 0 AR 3/ 85 2 HR i A 3587

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

International, 2022, 161: 107122.

WICKRAMA-ARACHCHIGE A U K, HIRABAYASHI T, IMAI Y, et al. Accumulation of halogenated polycyclic aromatic
hydrocarbons by different tuna species, determined by high-resolution gas chromatography Orbitrap mass spectrometry[J].
Environmental Pollution, 2020, 256: 113487.

YL, S0, P2k Az, 45 ¥ L I B0 DR w5 43 B0 B0 75T 35 e 40 B vh i LA (D0, op BRI 0, 2023, 394 T 1): 97-
104.

KUANG J M, GUO T, XU N S, et al. Application of orbitrap ultra-high resolution mass spectrometry on the analysis of emerging
contaminants [J]. Environmental Monitoring in China, 2023, 39(Sup 1): 97-104 (in Chinese).

AP, UAERE, OO0, % IR B A LTS G Wy AR R 1 O A BORDEFERE R (D). BREE WA S B, 2020, 12(5): 14-20.
LIANG M Y, FAN D L, GU W, et al. Research development of non-targeted screening techniques for pollutants in environmental
media[J]. Environmental Monitoring and Forewarning, 2020, 12(5): 14-20 (in Chinese).

T, T, TLOE, 4. BR3P A HLTE S i e b 0 A SR B St e (D). BRBEfh22, 2020, 39(1): 156-165.

MAO J D, YUNY, YU H X, et al. Research process of the high-throughput screening for identification of environmental organic
pollutants[J]. Environmental Chemistry, 2020, 39(1): 156-165 (in Chinese).

G o, BRAR S, T4, A5 LERTTRW T 2305 R i BRI (V] B AR 38 -fh 22 S, 2015, 51(9): 1339-1346.
FANG L P, QIU H N, WANG W, et al. Advances of researches on analytical techniques for polycyclic aromatic hydrocarbons in soil
and sediment [J]. Physical Testing and Chemical Analysis (Part B (Chemical Analysis)), 2015, 51(9): 1339-1346 (in Chinese).

JE 2 R A n 8 0 25 - QUECHhERS-SAH £ % [T 335 166 T 76 0 b 338 v 1 28 300 (). 2 I il o R 5 40048 , 2023,
29(1): 105-110.

TANG H Z, SONG D M. Detection of plasticizers in soil by accelerated solvent extraction QUEChERS-gas chromatography/mass
spectrometry [J]. Analysis and Testing Technology and Instruments, 2023, 29(1): 105-110 (in Chinese).

i LR, TV AR, BR . T EURERSEA DL 2 BT ab PR R (1], $R358 M 45 L 5 R 2010, 22(4) - 15-18.

MENG F S, WANG Y Y, CHEN J. Pretreatment techniques for organic pollutants analysis of water environment in China[J]. The
Administration and Technique of Environmental Monitoring, 2010, 22(4): 15-18 (in Chinese).

WS, FLAERE, BRALAD, 55 BR5ERE & b PAHS A7 A ) 1 T A B R 23 A D5 iR R ST R R (7). BREE AL 2, 2022, 41(8) 1 2662-
2674.

CAO X Y, KONG X C, CHEN X X, et al. Research progress on pretreatment and analysis methods of polycyclic aromatic
hydrocarbons derivatives in environmental samples[J]. Environmental Chemistry, 2022, 41(8) : 2662-2674 (in Chinese).

VR A M PR AT LTS e B T AR B RGN 5 vk A (0. b B B IR SRS U, 2022, 40(7) 2 107-109.

XU S S. Analysis of pretreatment and detection methods of trace organic pollutants in water[J]. China Resources Comprehensive
Utilization, 2022, 40(7): 107-109 (in Chinese).

PERESTRELO R, SILVA P, PORTO-FIGUEIRA P, et al. QUEChERS - Fundamentals, relevant improvements, applications and future
trends [J]. Analytica Chimica Acta, 2019, 1070: 1-28.

R A OF I v AR AR R B B R N (D] BRI AR, 2001, 20(3) 1 299-300.

(MOU/MU) S F. Principle and application of accelerated solvent extraction[J]. Environmental Chemistry, 2001, 20( 3) : 299-300 (in
Chinese).

BT, BT P, eI, S5 R 00 M B AR PR R A U I £ 0d (0], BRI M 45 5 T, 2022, 14(5): 18-26.

WEI Y, CHEN Q Y, MENG W K, et al. Application of high-resolution mass spectrometry in the field of environmental science: A
critical review [J]. Environmental Monitoring and Forewarning, 2022, 14(5): 18-26 (in Chinese).

Mopbts, T =T, 18 BIAT, 45 56 TS0 AR 635 - 75 43 B8 2 BUE I A BR 19k B RRAL & 9 20 07 07 i W et T (D). #h3se 4k
2£,2016, 35(3): 466-476.

LIN B G, YU Y J, XIANG M D, et al. Advances in non-target analytical methods based on high-resolution mass spectrometry coupled
to gas liquid chromatography [J]. Environmental Chemistry, 2016, 35(3): 466-476 (in Chinese).

B, XHEIR, WM, 55 SRR ARAEHTS G iR b R T (0], B LA, 2024, 43(2) 2 363-376.

QIAN HM, LIU Y N, YAO L L, et al. Recent advances in nontarget discovery of emerging pollutants in the environment[J].
Environmental Chemistry, 2024, 43(2): 363-376 (in Chinese).

CHARBONNET J A, McDONOUGH C A, XIAO F, et al. Communicating confidence of per- and polyfluoroalkyl substance
identification via high-resolution mass spectrometry [J]. Environmental Science & Technology Letters, 2022, 9(6): 473-481.

LEONG W H, TEH S Y, HOSSAIN M M, et al. Application, monitoring and adverse effects in pesticide use: The importance of
reinforcement of Good Agricultural Practices (GAPs)[J]. Journal of Environmental Management, 2020, 260: 109987.

EBER, SRATL LR, AR AR, A SO EE - AT IS 18] S0l 7 A0 & W 28 e D T B FH 2 e (0] Ak 23 412, 2014, 77(2) 2 123-130.
LIXY,ZHANG HY, FAN C L, et al. Progress in applications of gas chromatography coupled to time-of-flight mass spectrometry for
identification of compounds[J]. Chemistry, 2014, 77(2): 123-130 (in Chinese).


https://doi.org/10.1016/j.envint.2022.107122
https://doi.org/10.1016/j.envpol.2019.113487
https://doi.org/10.1016/j.aca.2019.02.036
https://doi.org/10.1016/j.jenvman.2019.109987

3588 7N 54 1t 2 43 %
[33] L, Pl 25, &40 M, 55, SOH % - DU AR AT - AT B B) 533 1A AH €635 - H3 56 B ik b /K R L 8% 52 Hh 208 ok 24 4% B3 0 25 1

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

HEREJTRYRTLE [I]. (13, 2015, 33(4) : 389-396.

CAO X Y, PANG G F, JIN L H, et al. Comparison of the performances of gas chromatography-quadrupole time of flight mass
spectrometry and gas chromatography-tandem mass spectrometry in rapid screening and confirmation of 208 pesticide residues in fruits
and vegetables[J]. Chinese Journal of Chromatography, 2015, 33(4): 389-396 (in Chinese).

PORTOLES T, MOL J G J, SANCHO ] V, et al. Validation of a qualitative screening method for pesticides in fruits and vegetables by
gas chromatography quadrupole-time of flight mass spectrometry with atmospheric pressure chemical ionization[J]. Analytica Chimica
Acta, 2014, 838: 76-85.

CHENG Z P, DONG F S, XU J, et al. Atmospheric pressure gas chromatography quadrupole-time-of-flight mass spectrometry for
simultaneous determination of fifteen organochlorine pesticides in soil and water[J]. Journal of Chromatography A, 2016, 1435: 115-
124.

TR, SREL B, B I3, 45 UM (A3 - DU ARAT QAT I T B35 M A 2 o LR BRSR P R R 25k B (0], (A3, 2014, 32(3):
268-277.

LIXY,ZHANGH Y, CHANG Q'Y, et al. Identification of pesticide residues in common fruits and vegetables by gas chromatography-
quadrupole time-of-flight mass spectrometry [J]. Chinese Journal of Chromatography, 2014, 32(3): 268-277 (in Chinese).

W, R, RIEA, &5, UM (R - PO B AT /AT I [0 5 O A i R BN b 244 B 25 5% B X AN [0, (3, 2021,
39(5): 494-509.

CAO Q, ZHANG Y Z, ZHU Z W, et al. Screening and confirmation of 244 pesticide residues in chilli by gas chromatography-
quadrupole time-of-flight mass spectrometry [J]. Chinese Journal of Chromatography, 2021, 39(5): 494-509 (in Chinese).

LOPEZ DAVILA E, HOUBRAKEN M, de ROP J, et al. Pesticides residues in tobacco smoke: Risk assessment study[J].
Environmental Monitoring and Assessment, 2020, 192(9): 615.

BIE R, ZHANG J G, WANG Y B, et al. Analysis of multiclass pesticide residues in tobacco by gas chromatography quadrupole time-
of-flight mass spectrometry combined with mini solid-phase extraction[J]. Separations, 2022, 9(5): 104.

CHANG Q Y, GE L J, L1J, et al. Automated QuEChERS for the determination of 482 pesticide residues in Radix Codonopsis by GC-
Q-TOF/MS and LC-Q-TOF/MS [T]. Analytical Methods, 2021, 13(46) : 5660-5669.

YANG J S, ZHOU X, LI X Q, et al. Simultaneous determination of 21 organophosphorus flame retardants in rice by gas
chromatography quadrupole time-of-flight mass spectrometry [J]. Talanta, 2023, 253: 124103.

KEVAN P G. Pollinators as bioindicators of the state of the environment: Species, activity and diversity [J]. Agriculture, Ecosystems &
Environment, 1999, 74(1/2/3): 373-393.

GOMEZ-RAMOS M M, UCLES S, FERRER C, et al. Exploration of environmental contaminants in honeybees using GC-TOF-MS and
GC-Orbitrap-MS[J]. Science of the Total Environment, 2019, 647: 232-244.

LANFRANCHI A L, MENONE M L, MIGLIORANZA K S B, et al. Striped weakfish (Cynoscion guatucupa): A biomonitor of
organochlorine pesticides in estuarine and near-coastal zones[J]. Marine Pollution Bulletin, 2006, 52( 1) : 74-80.

KRATSCHMER K, SCHACHTELE A, MALISCH R, et al. Chlorinated paraffins (CPs) in salmon sold in southern Germany:
Concentrations, homologue patterns and relation to other persistent organic pollutants [J]. Chemosphere, 2019, 227: 630-637.

WANG Y, GAO W, WU J, et al. Development of matrix solid-phase dispersion method for the extraction of short-chain chlorinated
paraffins in human placental[J]. Journal of Environmental Sciences, 2017, 62: 154-162.

WANG Y, GAO W, WANG Y W, et al. Distribution and pattern profiles of chlorinated paraffins in human placenta of Henan Province,
China[J]. Environmental Science & Technology Letters, 2018, 5(1): 9-13.

FAN R J, ZHANG F, WANG H Y, et al. Reliable screening of pesticide residues in maternal and umbilical cord sera by gas
chromatography-quadrupole time of flight mass spectrometry [J]. Science China Chemistry, 2014, 57(5): 669-677.

AT 5 G A S v 2 AR R A HILIS G B A SEAR O A B ST (D). dbat: o R B R, 2022

HUANG D. Non-target screening of semi-volatile organic pollutants in contaminated soils[D]. Beijing: University of Chinese
Academy of Sciences, 2022 (in Chinese).

R RER, B30, . LA LTS S 0 SO % - DUARORT -AT I R B AR R AR O A (], BREE ALY, 2021, 40(2):
662-664.

ZHU C F, WU Z C, YANG W L, et al. Non-target screening of organic pollutants in soil based on GC-QTOF/MS [J]. Environmental
Chemistry, 2021, 40(2) : 662-664 (in Chinese).

B4, THIW, W%, . GC-QTOF/MS X KA AUk ¥ i A HLY i i 2 (1], 3R 84k 2%, 2023, 42(11) 1 4047-4050.

CAI M Q, DING M M, CHANG M, et al. Screening analysis of organic compounds in ambient fine particulate matter by gas
chromatography-quadrupole time-of-flight mass spectrometry [J]. Environmental Chemistry, 2023, 42(11): 4047-4050 (in Chinese).
RER, KRR, BT, 5. 2T GC-QTOF/MS [ R A LTS e W 10 3R SEAR 01 22 K i dd e i (D). 3RBE 42, 2021,
40(12): 3698-3705.


https://doi.org/10.3724/SP.J.1123.2014.12026
https://doi.org/10.3724/SP.J.1123.2014.12026
https://doi.org/10.1016/j.aca.2014.06.006
https://doi.org/10.1016/j.aca.2014.06.006
https://doi.org/10.1016/j.chroma.2016.01.025
https://doi.org/10.3724/SP.J.1123.2013.11046
https://doi.org/10.3724/SP.J.1123.2013.11046
https://doi.org/10.3724/SP.J.1123.2020.11019
https://doi.org/10.3724/SP.J.1123.2020.11019
https://doi.org/10.1007/s10661-020-08578-7
https://doi.org/10.3390/separations9050104
https://doi.org/10.1039/D1AY01616D
https://doi.org/10.1016/j.scitotenv.2018.08.009
https://doi.org/10.1016/j.marpolbul.2005.08.008
https://doi.org/10.1016/j.chemosphere.2019.04.016
https://doi.org/10.1016/j.jes.2017.06.039
https://doi.org/10.1007/s11426-013-5023-5

113 2 A PR HILTS Y 0 AR 3/ 85 2 HR i A 3589

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

WU Z C, ZHU CF, LI X X, et al. Non-target screening and semi-quantitative analysis of organic pollutants in the atmosphere based on
GC-QTOF/MS [1]. Environmental Chemistry, 2021, 40(12): 3698-3705 (in Chinese).

YANG L L, WU J J, ZHENG M H, et al. Non-target screening of organic pollutants and target analysis of halogenated polycyclic
aromatic hydrocarbons in the atmosphere around metallurgical plants by high-resolution GC/Q-TOF-MS[J]. Environmental Sciences
Europe, 2020, 32(1): 96.

HRIER, /ML, R ER, S SR T ROM (335 - D AR B3 306 AT I ) BT 5 00K T 0 5 AR5 b 28 b 2 G (0], oK1 R 1, 2023,
45(1):267-276.

HAO LY, BU X M, MU Z, et al. Determination of 28 kinds of polychlorinated biphenyls in snow based on gas chromatography-
quadrupole tandem time-of-flight mass spectrometry [J]. Journal of Glaciology and Geocryology, 2023, 45(1): 267-276 (in Chinese).
DELLA-FLORA A, WIELENS BECKER R, FREDERIGI BENASSI S, et al. Comprehensive investigation of pesticides in Brazilian
surface water by high resolution mass spectrometry screening and gas chromatography—mass spectrometry quantitative analysis[J].
Science of the Total Environment, 2019, 669: 248-257.

GOSWAMI P, WICKRAMA-ARACHCHIGE A U K, YAMADA M, et al. Presence of halogenated polycyclic aromatic hydrocarbons
in milk powder and the consequence to human health[J]. Toxics, 2022, 10(10): 621.

LIU Y H, TONG L L, SI N P, et al. Non-targeted identification of unknown chemical hazardous substances in infant teether toys by gas
chromatography-Orbitrap high resolution mass spectrometry [J]. Ecotoxicology and Environmental Safety, 2021, 224: 112676.

CONG B L, LIU C, WANG L J, et al. The impact on antioxidant enzyme activity and related gene expression following adult zebrafish
(Danio rerio) exposure to dimethyl phthalate [J]. Animals, 2020, 10(4): 717.

AZIM S A. Photo-degradation and emission characteristics of benzidine in halomethane solvents[J]. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 2000, 56(1): 127-132.

YANG L L, WANG S, PENG X, et al. Gas chromatography-Orbitrap mass spectrometry screening of organic chemicals in fly ash
samples from industrial sources and implications for understanding the formation mechanisms of unintentional persistent organic
pollutants[J]. Science of the Total Environment, 2019, 664: 107-115.

GAO W, WU J, WANG Y W, et al. Quantification of short- and medium-chain chlorinated paraffins in environmental samples by gas
chromatography quadrupole time-of-flight mass spectrometry [J]. Journal of Chromatography A, 2016, 1452: 98-106.


https://doi.org/10.1186/s12302-020-00376-9
https://doi.org/10.1186/s12302-020-00376-9
https://doi.org/10.1016/j.scitotenv.2019.02.354
https://doi.org/10.3390/toxics10100621
https://doi.org/10.1016/j.ecoenv.2021.112676
https://doi.org/10.3390/ani10040717
https://doi.org/10.1016/S1386-1425(99)00124-9
https://doi.org/10.1016/S1386-1425(99)00124-9
https://doi.org/10.1016/j.scitotenv.2019.02.001
https://doi.org/10.1016/j.chroma.2016.04.081

	1 环境分析中的GC-HRMS（GC-HRMS in environmental analysis）
	1.1 样品前处理
	1.2 仪器分析
	1.3 数据处理

	2 生物体中有机污染物的筛查 （Screening for organic pollutants in living organism）
	2.1 植物样本中有机污染物的筛查
	2.2 动物及人体内有机污染物的筛查

	3 环境介质中有机污染物的筛查 （Screening for organic pollutants in environmental media）
	3.1 土壤样本中有机污染物的筛查
	3.2 气体样本中有机污染物的筛查
	3.3 各类水体样本中有机污染物的筛查

	4 其他环境样本中的有机污染物分析 （Screening for organic pollutants in other samples）
	5 结论与展望 （Conclusion and prospect）
	参考文献

