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(PCBs) KA A 252 (ACs ) %5 10 KK 289 FhELA f Fe KU (1A BILT5 G WA T T ol 5 o A 11 1 28 ek 31 R
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BEFG (6 JT AT HER) T X 289 #h B A b & W IR i 47 5 RS o 8 PR A8 T Ay Hr . %O ke B IR Y
0.56~57.8 pg/g, LMETEHZ 6 PR, ML FRTEE K 40% ~ 120%, H T Q Exactive GC-Orbitrap HRMS H. #4545
1R T 43 RN R AU R X ARk 5 10 et B S O o R € D B3 23 A 5 ik R R TR R
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Abstract: A new method for sample pretreatment using improved QUEChERs was established,
and 289 organic pollutants with health risks could be identified and quantified through gas chro-
matography-orbitrap high-resolution mass spectrometry ( GC-Orbitrap HRMS ). A high-

resolution database of 289 environmental pollutants belonging to ten categories, including or-
ganochlorine pesticides ( OCPs ), polycyclic aromatic hydrocarbons ( PAHs ), phthalates
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(PAEs) , polychlorinated biphenyls (PCBs), and other agricultural chemicals ( ACs), was es-
tablished for the non-targeted screening and quantitative analysis. A simple method for biologi-
cal sample preparation using improved QuEChERs was proposed by combining a conventional
QuUEChERs method and a column purification method. After purification using a Florisil col-
umn, the lipid content was reduced by 99. 9%, which significantly reduced the interference of
the matrix effect observed during the analysis. Furthermore, simultaneous high-accuracy quali-
tative screening and quantitative analysis of the target compounds were performed through high-
resolution mass spectrometry (60 000 resolution) conducted in the full scan mode. The limits of
quantification were 0. 56-57. 8 pg/g, presenting a large linear range ( ~10°), and the recovery
range was 40% —120%. Due to the high-resolution and sensitivity of Q Exactive GC-Orbitrap
HRMS, the limits of quantification of the target compounds were significantly lower than those
achieved through methods based on conventional chromatography and mass spectrometry. Mo-
reover, ultratrace organic contaminants that cannot be detected by conventional methods can
be accurately quantified by the proposed method. Sea cucumber samples collected at the breed-
ing site were analyzed using the proposed high-coverage multi-objective analytical method, and
more than 100 types of organic pollutants were detected; the mean contents of PAHs, ACs,
PAEs, and OCPs were 157. 8, 153.2, 64.4, and 46. 4 ng/g dw, respectively, which were higher
than those of other pollutants. Some new contaminants, such as 9-chlorofluorene, 5-chloroace-
naphthene, and 3-methylcholanthrene, were detected at very low contents for the first time in
the sea cucumber samples. The proposed method is simple and efficient, allows the detection
of pollutants at very low contents, and provides accurate and reliable results. Thus, this high-
coverage multi-objective analytical method can be widely used for broad-spectrum screening
and accurate quantification of contaminants in various aquatic products, providing technical
support for food safety control.

Key words: gas chromatography-orbitrap high-resolution mass spectrometry ( GC-Orbitrap
HRMS) ; QUEChERSs; nontarget analysis; environmental pollutants; sea cucumber
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7 4 7 I 5K, ASAIF SR ST T — b T A A
K QUEChERS # i il £ 7 J7 1% , 4545 GC-Orbitrap
HRMS 77 1% Fir B2 19 e 20 b H AR TS Qe i 1 42
s & T H TS 289 Fh XU 1 0t &
WL A MR AR E S TR TR TR A
BEPE AW SRV AR R U e 1 S B XK
i FFRGH PR BE B g5 01 MO ARIR B A A T
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S g Y T T EE R R AT, I OTE T
L2 TR it e RS 0 S5 ) U s 7 2 RO T
i, N R KBS AL PR AL R S
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1.1 U8 GXF SH

Q Exactive GC-Orbitrap =73 # T i A% ( Bt %
AL1310 H #hEFEESFI TRACE 1310 AR EAY , 3§
KRB A ) 5 % VR T4 AL (35 [E Labeonco
23w 5 Milli-Q #8216 7K % ( Merck Millipore 23 H ) ;
KQ-250DE BUH 88 75 v e e ( B i e A A
FRASE]) 3 XW-80A T IEIR & 45 ( LRSS0 A B
N s BREOHL D-37520 Osterode ( [E Kendro
INEIEE) 5 DC-12 F MM 4R A ( B4 A )
R-205 Jigh% 78 & AX (%t Buchi 2AH])

PeFR g — AW ke IEC ke T he i H 36 . T.
Baker A w] ; (g4 LN H 52 [E Sigma-Aldrich 2y

Al S R LR AT TC /K B 4R A TG 7K i
BN A KRB 2= ) 5 AR R G o 1 LA £ B
PR RE5R) (RiAE 60 ~ 100 wm) W4 [ ¥R h7 T A=
AR A A PR 7] 5 43 AT AL BA T A R R K
ez )5 B C bRl iy 2 &R 28 (PCBs) 5 fE
i, P48-W-ES 1 & 5 #E & (4 §& "C,-PCB-77,
“C,-PCB-81, “C,,-PCB-105, "C,,-PCB-114  *C,,-
PCB-18 . "°C,,-PCB-123, “C,,-PCB-126 , *C,,-PCB-
156 . *C,,-PCB-157 . *C,,-PCB-167 ., *C,,-PCB-169
3C,,-PCB-189) , P48-M-ES IR-&Hritedh (135 C,,-
PCB-28 . “C,,-PCB-52, “C,-PCB-101, "*C,,-PCB-
138 .C,,-PCB-153,"°C,,-PCB-180) , P48-RS &
¥R i (f2 4% °C,,-PCB-70, “C,,-PCB-111, *C,,-
PCB-170) , 2% %5 (PCN)-MXA & & FrifE & , PCN-
MXC R A Hr i fh, 2 1R R ik ( PBDEs ) 1R & bR 1fE
i, Z @A IR IR HES (PCDDs ) 5 2 &8 oK
JEukm ( PCDFs ) A5 #E i Y11 F i K Wellington
Laboratories 7\ 7 ; PCBs #5 #E i . A ML & A& 24 2
(OCPs) brifi fily , 2 31555 k225 (PAHSs ) bR ifE i, &7
Jebm i il 2R M 2 (anilines ) 5 7 i | B3 2€ (phe-
nols) FrifEfh  BRARIE 25 ( PAESs ) bR & 300 H 36 [F
Organic Standards Solutions International 2\ & ; 5
RE}I5 42 (Cl1-PAHs) ; 5-5 —4E (5-ClAce, #ii
J&97.6%) .3,5- 5 JE (3,5-ClAce, 4l 96%) .
3,5,6-=%UE(3,5,6-Cl,Ace, #liJif 98.9%) .3,5,6,
8-S (3,5,6,8-Cl,Ace, 2l 96%) . 9-54 % (9-
ClFlu, ZiifE 96%) .9-54 3k (9-ClPhe, ZfiJiE 95%) [t
YAFREE 5 H Toronto Research Chemicals, Inc.
(Toronto, Canada) ; 9-% # (9-ClAnt, 4% 96%)
[#] (4K v A ) [ Matrix Scientific (MA, USA) ; 2-
(B (2-ClAnt, 4l 99.9%) F19,10- 44 (9, 10-
CLAnt, 99.5%) [ {445 #E i 4 [ Tokyo Chemical
Industry (Tokyo, Japan); 1-Ft (1-ClPyr, 4l
98% ) B 1 i ) H Fluorochem ( Derbyshire, UK) ;
6-E K[ a ]t (6-ClBaP, 50 mg/L) FriEE It A
Chiron ( Trondheim, Norway) ., 3 %b 28 FhiE & #r
YE I H 25 [ AccuStandard 23 7,50 mL .04
4 A £ [E Corning /A ],
1.2 tRERRRIECH

¥ BT Cl-PAHs (1 [EA bR E & DL — & H Be i
F B TR N 0. 44~ 0. 69 mg/mL Ay B —1i%
U, SR 5 53 5 BGE /R B Cl-PAHSs H—



510 1
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it SR, DA OE O Be i B B sk 2 5.0 mg/L
(TR s 28 TR R, A (T FH TR B At (A R 8 i i
T AR ME A W, PCBs 1105 2 P A 42 65 1 000
pg/L 4 “C,-PCB-28, “C,,-PCB-52, "*C,,-PCB-
101, *C,,-PCB-138, *C,-PCB-153, *C,,-PCB-180
FHT- e B il 5T £ 9 B2 24 100 pg/L i PCBs [H11i
HRNIR . HA A FIIE G BRI S DL T e R 1o
LN 100 mg/L I A# A W, 1 T RS S
SRR B BT 5 W BE AR A TR, b3 A bR
i VAT SR HE T R X T - 20 0 VKA v s R
e
1.3 HARERHARLE

HAXRE HARETLTHERETNLE )X
3ANTRIE S, H BRI SR A B T OK R, KBk
P A5 T &6 43, 0 8 R SR AR R A5
SIRE S . TR FE IR UR TS FR BRI R
WyWERA] T =20 CEBEMEAETR

FEARRAE  HERRIS RS METRFRE 1 g
(£0.01 g) ¥R 50 mL L&, A 4 mL 4lik
FFRTER ST 1 min; PSRRI 10 mL ZIG- 41 4.1
(1:1, v/v)VERZFERER, I mER 2] 1 min 5,0
A4 g (£0.01 g) TL/KBRBREER 1 g (£0.01g) Ak
FILARBR/K A I DTE R A 0, SR 2R BETR S 1 min
Ja A P EC 15 min, 3000 r/min & FELO S
min, JFNEE FVEW, HE LR EREBCE RN A I
VR 38 S e 2R R A AR R R 4 2 1~2 mL,

W YE A I IR HLEE + A (Florisil #1,
K 400 mmxN4E 20 mm) #EF7E1L R N R Z
B2 TR IT 7.2 g ToAKBLER AN .8 g Jh % L
ikt 6 g ToKGRAR AN, 4c HIE O %e i 1k Florisil 4,
SRJE W A i A 22k, AT 100 mL aE O ke- 5
(121, v/v) IR G IR UE , 4 S5 AR i R
WeHE 78 % 2 1 ~2 mL, B AR 2 i b 7 59
AW TFWT A 10 pL *C #5712 H PCBs #EFE
R (100 pg/L) EAZE 10 plL,
14 ®Bi-RiLEHe

TG-5SILMS 2 3% 4+ (30 m x0.25 mm x 0. 25
pm, 18 3 PR CHE RPN s R 1wl LASHA
B HERE, M EE N 501, HERE TR E 260 C ik
1. 0 mL/min; /7 FHEA AR W IR A 40 TR
{445 1.5 min; A 25 C/min A3 ZEFHE E 90 C, 14
F5 1.5 min; FLL 25 C/min A#EFTHEE 180 T,
SRIE LA 5 C/min HAFHE 2 280 C; & /5 L 10

C/min HRFHEZE 310 CJ5, 44F 10 min,

Q Exactive GC-Orbitrap HRMS 1t iy %5 i+
FL B IR (EL) Ay = B Al 48 5 5 25 (HCD) IR A
VOB AT Orbitrap JT 5 A AT 45 4 . A% i 4 0 B2
260 C, B IR A 250 C, HL T-HEE N 70 eV,
VEFIAER ISR 6. 5 min, 2R, B £
T m/z 50 ~ 750, R ANE R 2B (C-
Trap) 2% vh HCD Hlf S AR PRR, 4l R
99.999% ., Jiite 3 IR E N 60 000 FWHM (m/z
219) , A sl s (AGC) B N 1x10° PE T,
K7 A ] < AUTO” |, Z A i
Xcalibur 4. 1 A1 TraceFinder 4.1 ( & 2k K i /R Bl
) #ATEEH
1.5 HIEAE

RSB 4l 53 2k W R O T A B
BT R 53 PR I A5 B R AT 0T SR W O A R
A, TR T NIST B4 22 30 47 A 0 40 1 i By
PE, XA E R E A ST . B0
2 AN VC RS B T i 55, B A B w22 /N T 5
x107°(5 ppm) , PEFCAS 530K 80, X NIST 44
JEE R AT SR, 5k DG L A5 4 O B 48 B0 A i o
w2z S R JE 0 5 R 1) LA S5 5 BEA TR
WE, AP Ta& ZE R 2% AIEK
2 Z IR TJF IR AT 419 PR 55 OCTE TS YW R B R
J& S HoAl s o B 2 XA Wi AT AT,
TR A AR S B HEAT 5 B 5 AR B T [R] s %
289 P LA WA T HE E T AT
1.6 JREEHIMAG XML

FERFANIR T i Z wirfi FH 23— T e (L
A B T m/z 4 5 & CF;, 68.9%466; C,Fi,
130.991 47; C,F;, 218.98508; C,F,N*, 413.97698;
CoFy,N*, 501.970 59) tHEATAHMIR BT AL 1, i i 152 25
23R A1 ppm( Bl+0. 2 mDa) ; 78 Il 42 3 1] , %+ 6 4
TP RN S N RETRWR
( C,H,0Si*, 73.04680; C,H,0,Sii, 133.01356;
C,H,, 0,Si}, 207.03235; C,H,, O,Si;, 281.051 14;
C,H,,0;8Si5, 355.069 93) #4714l , JF I B R i M
S+2 ppm(£1 mDa) , AXHAY A5 HE 4T P43 o a2 i
HE, ARAEEA T HE o R S IR R
HAa bt £2 ppm, WA SXHZI R H N E80E

KA T X} 289 B Y Wnitt 1434, A 45 18
Flt PCBs (& 12 Fh 32 PCBs 1 6 Fli4E /R Pk
PCBs) .24 ff OCPs 16 fff PCNs 11 7 PAEs 37
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PAHs 75 FhHABAR 2451027 5 28 (ACs) (16 T2k
G 34 FORREEACE W 19 PR, K 39 Fh
25 ¥R A AR B LB ) (others) . ATf
Pl REIAL A 5 DI BR Z T] FR RE T me Riz PRF XA
i T B ARG S PR T E AT

2 ZERE5TE

2.1 HUEVHBEENKRE

FEART R il X R e B AT 4, ARAS T
A THE B (PR B BT ] B B A B T
) R B EE . HTFIRA RS TR 2
FiHERAEA Y, vl RE 7 A R A R A X 437 AN
[ 285 ) 1) B85 P 3+ DRI AT 30 o 1 A o e X A
AR B (RY) HEATREUE 388 3 A A6 FRURR 14 %o 0 3% 151 v
ATREAFTE AL A A7 X 4, ¥ 3R s B S
NIST FrifE i AT A, il B R i F m/z St
¥, 20 H bRk G W SO BE e ) A 3=
BRER BT, BN EL & —Fhmag s Bt B4R
WAET0 eV FHEATHE, IrLL, SR B T A e 4l
SFET(HA -G+ 81 ki)
WS NIST 3% 2 i A4 8 B e ke Ak & 4, W] LA
Wi FEMEE F UM R B m/z RFATICE, A
TARE R SCHE H bRk & 9 0 O 78 B 1) O ff 5T %K
AT BN BRI s IR AN PRIE - T i
22 EWHEMMRL
221 REF FoEt

1548 QUEChERS J7 32 F| ¥ 764 i v i 4k
EYIIEATHRE, A MgSO, 2K Bk R IMAZ —
JHz-N-TH 3k bE (PSA) (C18 Bl i e (C18) Z5 1% [
B2 0 X LIS AR BT, AR g
X HEGA I e A= g A 7 ik 4T T4k, QUECh-

ERS ik E NG . TR CHE F EE VR A5 R
PFEBUAF N AR TAES R T KRR AR H
FrAb & P32 BOCR W52 ), A0 4E S L -2 &
BE(1:1, v/v) NER-—SEHEE(L:1, vwv), IF A
150 mg C18 5 150 mg PSA #1784k, N T Refuke
rn AR AR R TS e 45 SR 5 e, AR 5256 A C ARl
PCBs 1E M #F 5% %} %, “C-PCB-70, “C-PCB-111,
PC-PCB-170 1Eh W bR % 4845 H AP 14 Inl i % | 25
RIWE 1, aJUEN, OHE-CROBE(1:1, v/v)1E
R AU R I 2285 B AR DS R 5 m B A0 B s
Yy hRAR, 75 ZE ik — 2 fb QUEChERS i &b 3# 5
255 1M CHEAE A B ISR A R E
222 FAFEMEAMN

AR AL AR O 45 I, 8 RE N 34 BT
R, FW 150 mg C18 5 PSA {1 b7l 31 A
BT 4 KR4 BT o X iR Y itE A T 58 IR
A2 Jo Ay L] e SR A sy i 0 K, ™ B
S A 5 AR PRI I s SR R A& 7 R TG e, FE
C18 5 PSA S5 &AL JEmlt b, XA dh o % L [ B 43
SR EE 2 15 (35 (GPC) | et B R 20/ —
LIEARE TR A Y AR AL BUIDRL (PEP) | 24 B
A kN (Silica-NH, ) % BL % + ( Florisil ) &b 45
(AL O,) 55 ¥ A A X otk — 20 e fb, 25 S &l 2 B
TN FESHEAIMZS C18+PSA #EAT Ak JIH [F] fist i 1t
IR 1.08%x 107 (& X h 100%) , ¢ Silica-NH, |
GPC 55, PEP 4k, Ji JIE [ Pt (4 0 1 FH 43 3R 22 C 18+
PSA 4L 772017 82. 2% .56. 3% . 10. 6% , UEHA ik 3
Fofr 7 o L [ P 48 A — R v A R B SR AR AR
2 A1,0, 3% Florisil ¥k Ji5 JIH [7] B 04 T FR e 10 1 53
I A 0. 134% A1 0. 129% ,iEH AL O, 5 Florisil ¥
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Fig. 1 Effect of different extraction solvents on the recoveries of '*C-polychlorinated biphenyls ( PCBs)
CH;CN: acetonitrile; C,HzO: ethyl acetate; C;H;O: acetone; CH,Cl,: dichloromethane.
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Tk ISR R TS0, 45 R R R IH AT L3RS B
T ARG R HL Il % n] 75 2] BH 3 42 75, PCBs |1
R 67. 8% ~120% , BT A H AR & TRl 40%
~120% , £565 7% 8 NSRRI R O A e I i 750K, H
I SRR T SR R A3 AT A R T, R AR 4
14 HoR ] Florisil A 44k 1 J7 R4 74 il /i A 38
TAE.
23 HiEFEZE

3 3 B AR i 90 A A R R VS
PR R 3 B2 AT H 52 404, LA 3 A A o Ot 22 1 5AAGr
PR, LA 3. 3 A8kt PRAE e i PR, e 2kt PR v [l
F0.17 ~17.5 pg/g, & w By [l A 0.56 ~ 57.8
pg/g, LM Z) 6 NS, LLEE B nAn il ge Xf
ISR T 552, NSRRI R 40% ~ 120% , 77 6
SZVE RSD M 1.34% ~24. 5%, 45 6 NFES TR n—
AMREFP S TR, P 2 R B K o B AR TS
G AR TR B A 00 B AR e s TR R 7
SR PR T,
24 ERREFEMRUNE
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ZFE i 289 Fh5 YLk AT £ BARRIE 48T, DL
SR 3 FhlRl xS A R ], (5] 4a F1 4b 43 5 R T
SRR TP S RRER (50 pg/L) B9 SR BB TR 6
W (TIC) B, R [F] B & m s s 1 1,2- 80K | 1,3-
AR NA AR T ERE T (m/z
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