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Determination of 11 Polyhalogenated Carbazoles in Seafood by Liquid
Chromatography—High Resolution Mass Spectrometry Coupled with
Centrifugation-assisted Cold Induced Phase Separation
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Food Safety Risk Assessment, Beijing 100021, China)

Abstract: Based on centrifugation-assisted cold induced phase separation (CIPS) and dispersive sol-
id-phase extraction (DSPE) techniques, a detection method for analysis of 11 polyhalogenated carba-
zoles(PHCs) in seafood was established using liquid chromatography—high resolution mass spectrome-
try. After ultrasonic extraction using acetonitrile, the samples were subjected to CIPS and DSPE en-
richment and purification for 11 PHCs with a 40% acetonitrile/aqueous solution. For instrumental
analysis, gradient elution was performed using an acetonitrile-water mobile phase. Separation was
achieved on a C; column(2. 1 mmx100 mm, 1.7 pm). High resolution mass spectrometry data were
acquired in the targeted single-ion monitoring mode, and quantification was carried out using the in-
ternal standard method. The results demonstrated that within the given concentration range, all 11
PHCs exhibited good linear relationships (1?>0. 996). The limits of detection of the method ranged
from 0. 04 to 0. 1 pg/kg, and the limits of quantification were between 0. 1 and 0. 3 pg/kg. For blank
seafood spiked at three different levels, the recoveries ranged from 71. 6% to 112%, and the relative
standard deviations(RSDs) were between 1. 1% and 13%. This method is simple to operate and highly
sensitive. It can effectively mitigate the matrix effects on the detection of PHCs, showing good accu-
racy and precision. Meeting the requirements of analytical detection, it is applicable for the targeted
detection and analysis of PHCs in real samples.
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WESER VRS2 R T2 R, FHAMIT R I PHCs M 7K AR A=A AR BT GE P2 AR 5200, 4 fk
WA T . PHCs R B — R Ak, R THRA A REEE N . e B HGELE
+HE L K DB . IRASFVAEYIFEA RGN E] PHCS™ . HHT, PHCs FERREEFIE Sk i b (1) 2 2800
J5 1 R S AR A T — BT S 7 (GC-MS/MS) A A 6 1% — v 43 BRI i 7 (GC-HRMS) ™™, fildn, 242
SR GC-MS/MS JEMEZT 1 Wiy L i b DXt = it o o AR e ) R A 0, & BRAS I it 7= i Y A
HPHCs, HEBFE—EZES . Zhou S5 F 2019 4F 5% A 01 - Hf BEBGE &7 1T UMW PHCs 1Y
R 7k, e S gy 7 DR 10 Fh 2 g ARIEER S0 T T i o SRR, VRORE 0 R - i o W
(LC-HRMS )8 B FH T3 il & ) PHCs 2304t % F98 57855 R FH LC-HRMS 1) i 43514 FH 2R
B, R T8 AT PHCs /08T ) T4t o

2 PO ORI MR 125 IR B (ASE ) A2 W A AE 5 (4338 . 350
FUIRIK 2 ) o PHCs (5 SR B 7 SRimr, &R IREe
BB RS K HAPUE RINE R B m, RIS & R A
S3HT o ASE J7 12 B 0] AR A5 1) P 58 A AR B, (H T 1l
REMAPUEF, Besh, X7 ik 32 B PHCs 7EA 5 5
WrZ B e — 2 B b, AR N 75 32 01 A 43 ] 4 A%
A AR IR AVE T HATF & gtk sk E N,
BT, B INB S EN) PHCs, 51% T AN AL EEX
ﬁ@@%,#ﬁﬂ?@#@%@ﬁﬁﬁﬁi%ﬁ*%mmms T
HORH o BUKH > B AR R (ATPS) BT - A B R IF %, Fig. 1 Structural diagram of PHCs
B T R AP AE A A AR sk I R SAR T 32 31 iz
FVE™ . R, ATPS B SCit M H T BN E SR, ik BEWAE TRk, LSS
B AR, FERET CHEIKIR R ATPS R TR S A A B (CIPS ) B ™, CIPS HEARE:—F
BGHR) ATPS & BR, HAHMEZ LT HHIAESR. S, &8 EMNEMRNANETTEFE, NmiggtT
— PR IR AR AR IR (H, BRI VKA AL BV S S AR TR R L h, 2N TR S AT AL
FRAE R, AfRPX — IR, AR A 7T % B U4l B v R AR AV I, 15 5 T B 4 i A 4 125 110 P g
B i) 7

i, AT SR Ol B CIPS H AR R4S & 43 B A A HL (DSPE ) B AR LLSCERE Sig b ROR , B
RSN X PHCs RS I 5200, JFH4 5850 B H AR ) & SEAEE R RO €005 — 55 23 FR BTG 20 i
Br, ST 7P R i R AR S P PHCs B 08T 71

1 KRERSy

1.1 FE5iAH

Dionex U3000 i AH €6 1% B B Q Orbitrap 5543 HEBT RS (R EIFEER KR « BB P HLIBE 55 55 1 U
(HESI); Vortex Genie 2 {WliEiie &5 s (328 Scientific Industries 2y 7] ) ; Allegra 64R W INE =R
SFRIRFFAT]) 5 Milli-Q ZH /KA (3 [ Bk v Millipore 24 7)) .

CHEFHBE (Ui, £ Fisher Scientific 24 7)), LR LM (A4, 32 Fisher Scientific 22 H]) ,
HR AN S IR (AR, €I TediaZvw)) o N-PNEEZ ZHE(PSA) . Fr a5k B (GCB) FIgR FH 25 T bt 2%
AR PCXO W H RN A RBHEA R AT . 1R PHCs BREEZE IR 1 Rl 28 ARERIE B &
K Wellington A7), BTk X R (50+2. 5) me/L. HAMEEY LRI ZNARIE R 1, #= 55
WETFHRM . RERIE S & R AR 5
1.2 iRAERRIIEH

AT bR b ) B BC )« 30 W B IR 11 o PHCs BRIEIRIE 100 WL 10 mL 25 8, SEH
3mLZMRCHMFEIRS), HHOMERZZIE, Hl& K 117 PHCs IR S bR W, TTEIRE S
0.5 mg/L, F-20 CiTF-

PR )R A L) BRI IR 1 b PHCs [R)A2 38 AR 40 wL T 10 mLA B, SEH 0.5 mL

R ~R: H/Br/C1
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CROPRMFERS), B ERZZE, H &1 A PHAs RO N AR RIEW, BUEIREZ A 0.2
mg/L, 20 CiEfF&H.

F1 11 FPHCs FINFRAY G5 FIBTE RAEE B AL BT

Table 1  Mass spectrometric information, retention time(RT), and chemical properties of 11 PHCs and internal standard

Oil-water par-

Abbreviation Analyte CAS Formula RT tition coeffi- [M-H]" (m/z) Fragment ion
/min | (mlz)
cient (XlogP)

3-CCZ 3-Chlorocarbazole 2732-25-4 C,HCIN  4.62 4.3 200. 026 27/202. 0232  164.049 1
36-CCZ 3, 6-Dichlorocarbzole 5599-71-3 C,H,CLN 574 5.4 233.98727/235.9842 198.010 8/
162.033 6

1368-CCZ 1, 3, 6, 8-Tetrachlorocarbazole 58910-96-6  C,H,CLN  7.35 5.9 301.909 2/ 265.933 3/
303.906 37/305.9033  229.956 1

2367-CCZ 2, 3, 6, 7-Tetrachlorocarbazole - C,H,CLN  6.99 6.3 301. 909 2/ 265.933 3/
303.906 37/305.9033  229.956 1

3-BCZ 3-Bromocarbazole 1592-95-6 C,HBrN  4.89 4.4 243.97567/245.9736  78.917 8/
164. 048 9

27-BCZ 2, 7-Dibromocarbazole 136630-39-2 C12H7Br2N 5.93 4.8 321.886 1/ 241.960 5/
323.884 17/325.8821 243.9586

36-BCZ 3, 6-Dibromocarbazole 6825-20-3 C,HBr,N 6.15 4.8 321.886 1/ 241.960 5/
323.88417/325.882 1 243.9586

136-BCZ 1, 3, 6-Tribromocarbazole 55119-10-3  C,HBr,N 7.16 5.5 401.794 6'/403.7926 319.870 4/
321.869 8

1368-BCZ 1, 3, 6, 8-Tetrabromocarbazole 55119-09-0 C,HBr,N 7.98 6.2 479.705 1/ 78.917 8/
481.703 17/483.7010 401.7769

1-B-36-CCZ 1-Bromo-3, 6-dichlorocarbaozle - C,HBrCLN 6.82 5.3 311.8977/ 231.972 1/
313.89577/315.8927 195.994 6

18-B-36-CCZ 1, 8-Dibromo-3, 6-dichlorocar- 100131-03-1 C,H,Br,CLN 7.69 6.0 389. 808 2/ 78.917 8/
bazole 391.80627/393.8032 311.880 1

"C,,-36CCZ 3, 6-Dichloro [ °C,,]Jcarbazole - BC,H,CLN  5.73 - 246. 027 47/248. 024 5 -

*quantitative ion

TR A PRI T AR dh 2RI A BC ) . W EGE SR S bR o A R P R )i, F S TE T 11 b
PHCs T 40.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10, 20 wg/L, 1FhPHCs [FHiZ M bR EHK
FEF32. 0 /L bR TAE M 2057
1.3 Ml FFETabE

S L 1E B Sh 2l S B B e & A I SE I = TR S SO, B 500 g ifgrE Sl RSy, VIR
2 em B/NHUICE TAE WYL, BREEEMFRTIK, 5870 —FEmEAAE, BRI L
I E TSR ISR, il COTHE, AR ATALRE

PRI G B0 HE 2 5 2 g CRETRZR 0. 01 g), BT 15 mL 048, DN I bR b ) ik (5t ik By
0.2 mg/L)40 wL, & 30 min)5, MA9ImLZNE, HERIES) 1 min, #RAEFEE20 min )5, L8 000 r/min
B0 5 mine BUAME BIEW 3. 6 mL 15 mL &0, FEIANS. 4 mLaligoK, 185, #7805 B)
CIPS & FEMG AL, BRI 2 OML4ERF-12 “CEF T LLS 000 v/min 40P 30 min i S A4 25, B L2
FH(Z7900 pL) T4 25 mg oK BREREEF 25 mg PCX WEFM I 1. 5 mL B0, IMIEIRA) 1 minJ&, T
15 000 r/min Fll4 °CF g S0 5 min )5, B EIEBTF T,

1.4 FHEBE-S#RIESTEE

{654, ACQUITY UPLC BEH C,f4i¥4E(2. 1 mmx100 mm, 1.7 wm), FEiE: 40 °C, WshtHha
(A —K(BKZR, Hi#0.3 mL/min, BEEEEFL. 10 wL. BEEEVEMGRRIF: 0~1.5 min, 60% A; 1.5~9
min, 60%~90% A; 9~9.5 min, 90%~100% A; 9.5~11.5 min, 100% A; 11.5~12 min, 100%~60% A;
12~15 min, 60% A,

Pk B HLEN 3.0 kY BAETRE 320 °C; BN 50 arb, FHBIA 10 arb; AR
) BB T (1SIM/dAMS?) SR AR, 1 1R85 1SIM 4 PER K H 70 000 FWHM,  H 23 25 il
(AGC) M 1e’, MSX K3, /I T8)E H 6 Da; ddMS 0 #ER KA 17 500 FWHM, H—{b a8 &4 15%.,
35%H155%, PHCs WG REEMGE. . IREZ I RIAESPEILE 1,
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2 -Q-E % 5 'l:‘T 'I«/I’_\. A . 2367-CCZ
154 T 368z

2.1 U/ EHIERE ,
2.1.1 ‘wEEERGNMRL AU T BEH C,
(2.1 mmx100 mm, 1.7 pm)#f BEH C,(2. 1 mmx
100 mm, 1.7 pm) PFPEEREHT 11 5 PHCs 194325
BOR AEREW, PRI B BR8P 8 5 I 1368-CCZ

I 1368-BCZ

VN Y TG 2 2 . AR, 4 dH BEH C, i o U\ A
BF L HE PRUE [R50 55 48 1 4 i B R ) B i 4 6 st 8
PHCs AL & ) H s ) b (18 2) o (R, 4%
BEH C, (i AT 5220 HT *

ARG Feor A A 0. 1% BRI Z g7k
FIEA 5 mmol/L LR £ B5//KVE 4 ESI' I ESI
R IR AR R, X IR SRR B T
WEAY . S5 SRFEHH, TS PHCs 78 ESIRES T )45 10 o
Bz, ABFE ESIREAT ¥ Te ) W B ima i . ke,
e EST LS XS PHCs HEAT ISR . 77 ESTRE 0 . 1 -
T, LIZBEREHUR, %567 5 mmol/L Z B Hk ! © tonF v
SR K 23 AR SR K AR PHCs 5t 15 i 2 48 5200e) B2 11 PRk Ak A i £ 1
?ﬂf%i@ﬁﬁ , 2w i FH 4 KA kKA B}, 2367-CCZ. Fig.2  Chromatograms of 11 PHCs

N A: BEH C, column; B: BEH C,, column

136-BCZ F1 1-B-36-CCZ )M i & Eb A H 5 mmol/L ' "
LR E /KA & 1. 1~10 445, A, i Ta) (i B 22 vk R AR T B AH S0 5t ik R S50% P2 A
—EMF, TEEE TGS e A . I, AR CBERUKTE AR R . 110 PHCs 1Y
£ 1% ] WL 2A
2.1.2 SHPRREEEEAMEE AR HE 7 EoPI0E 251 (FS) . SIMAREIT RV
M (PRM )3 Fhg A, 3 o A ) SR i BH o] £ e SCHR ™ . 45 2R %L, 4 PHCs 7EIR RIK K
T(<0.5 pg/L), tSIMFIPRM AR TEEE A8 10 T 200 8 56 B (6 Da) WA BEE TR 38 1, JBR TH
FS EARMRE AL RE . SR, PRMABAIS 'S B bneks) TREIE S e, FmAERR ST, F e fRE LE
IR TR REE . AR, B 2R AT A AT I oSIM RSN R B A A I RO, T
W lf 4 R AR AL A AR . BRI, IR SIM AR SR PHCs 1 i 20 BRI 8 = o0 A=, LIS 1 iy
[(M-H] #f1E . HTFPHCs S AHKMRITE, L& EY R 2 3 7= 5 b DR i 71
PER A o
2.2 REUAEFMMAK

ARBESE 58 T R (logKow=-0.77) . £ Ji§ Methanol 22 Acetonitrile B3 Ethyl acetate
(logKow=—0. 34) Fl Z, [ Z, ik (logKow=0.73) fE &y &'

27-BCZ | _p_34 ccz

3-CCZ 136-BCZ

Intensity/107

Intensity/107

ES add L B Af . H1 g
PHCs $2IUA R . B3 ok, B PHCs [ émgggagsggggagggggghg
SRR AR ssve- 103 iz psRe e 2 N N N AL N N N
CRSHY BRI BCRAE 94%~108% 2 ], K TREL b S gggag;ggggag;ggggﬁg
e P A LT LA L O () S A A A A U AN A
(PHCs [f) XlogP {H7E 4. 3~6. 3 2], #£1). REZ AT T AT
B2 BRI Z 7608 T iR, HZmz e
REAIA AR 22 (RSD) B, XATRERAI T HYE 3 REagalF 1 Fh s A p i e eR
WAHIEATE, FESVTET 5 B A IR IR 45 51501 Fig. 3 Extraction recoveries of 11 PHCs under
WIS T R REEE o PRt SRH 2 A diferent sohvents

Bl



551 31 A SO RHBIE I TR S 2 AU €~ R A HE T A o 11 e R 109

2.3 BB CIPS AiEHIMEL

2.3.1 EREBLOEHFNMRNL CHVRKI, BRI ESCHERUKRGEIE KA YikBiaE
B B P ERR AR, B A AIUA A 88% () ZHE /KL, Wi T AHAKAH A 33% ) LG /K. FEMIbR
=i, PHCs ¥)0 A F L2 2 MM, b stk T oA+ F 2K, IWmfE—EFEE L
WD T RSN B0 . A, &I CIPS Zb BRI R IR WK AR PE AR AL S AL T b WiAH 2 Ta) i) i 5
2, BEMA R BRI = EE R RE S AR AR T 53 o A — P AR 2 BN T) AR SRR 25O R B
CIPS J7ikdb AT T leidt, AR OHL(Allegra 64R) BURAE S MARIE VKA S 55 . BFC R, B
FIOT AR PEARAE 73 B IR R B, AR o0 35 A A sk 8] =7, 5340, T 004 B CIPS J7 7 nl A 43
S DR — SRS R, B T2 PERMESBE IR B, B E RSO R TE
—12 °C'FLA5 000 r/min &0 30 min,

2.3.2 ZBERaBBMA XFEOHBICIPS AR, PHCs ZBUSCR K 2 HE /K A F AR H
S, HAAMMEE HE R AL R TR . ARSI T A ERE 5 (40% ., 50%., 60%.
70% F1 80%) 1) Z G /KEF I, il 04 B CIPS 4B 5 AN [R] PHCs 1) 8 82 A F- g it [l iic (ULIE 4) .
SERLH, BEE SRR BN FRSERRAR, 117D PHCs 1B B2 T2 Wi il . 24 Z RS RFR 45005 32 40%
B, 115 PHCs W& SR Fies, 7E6.54~7.52.208), 1 11 Fh PHCs A9 £ Pl USg R H34) K T 85% (87%~
96%) . X FESEH T PHCs MARTEAXTEUR, REEET LZAPHHE88% L) H, Fifd5 EEZAL
IR R RO G RN, LOHERBEACT 40% 0, &EKNFRARS, HL)2Z
AR R E— P>, ARITRSBE . b TR RS RS ER AT TP, ATk
40% IRV 35 5 A0 3 B 00 Atk

A B

80 ‘H{ 80

60 }H]—i 60

Proportion/%
Proportion/%

-
404 }—E[’ 404 }—B:'—{

|
0 1 2 3 4 S 6 i 8 80 90 100 110 120
Enrichment factor Absolute recovery/%

El4 11 R AR S FEA ] S G AR PRFR L T 10 B SR (A) FIZaxs i (B) 43 A

Fig. 4 Distribution diagrams of enrichment factors (A) and absolute recoveries(B) of 11 PHCs at different proportions of acetonitrile
2.4 S5 EE B 2 BN IR B 3 B £

Syt BRSO RS R B AH RS ECBOR X CIPS S BORUHA T b b B . B1% CIPS 3¢
AN H I =g . FEHE SRR RS TR Rk BRI, 25 A RIS BEAE R A0 AR 2 Ik P 25 A AR AIE
SR FH SR PH 25 7383 2R B BE PCX VB AZ O 50 iR AMY L& 5 C AHRI AR E R BE Ty, T RE
I B AR AR R S PR R L AT R ARZE A, SERUOB RO . TR B A R R R A A
W, R TR, ST S CIPS M4 351 2 S HEAH (55 88% L) , il i in 25
mg TOKBREREEA R RBRFR A K5y, i PHCs P BURNSCRSE T 3%~ 14% . 3E— 45 3 3ok 2 50 Db S5 50 30 1iE
PCX I &BAk, 4557 24 PCX HI & K25 mg i, 115 PHCs i IS 2806 B (929%~113%) 5 i 24
JHEEIT 25 mg i, 1368-CCZ. 18-B-36-CCZFl1 1368-BCZ MY it 5 2 PR, T FRSZIGINIIE,
W€ R H 25 mg PCX 5 25 mg To/KBREREE P ), 16 PRUE SR RBRIBBZSBEAR B0 Rl B, SEBL T PHCs
EOFEA T Tz S sallly Syret i 38
2.5 ERMM

504 B CIPS F53- H i AH AR HCE AR I B 08 PR R e % 7 A e AR 2 B BB R &,
W, ARSEIR A, TR 7 IR AE PHCs T RS I A B TN, (ME) o Tl 8 1 HE — 8 2Rk Y [l P 11 2
JVCRC bR TAE th 2 i A RIbR i TAE B RV, I 29 AR B o DG C b v i 2 828 (B) R
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FrRUER A RIR (A), FEIRARME(%)=B/AX100% HATiHHE . 45 RER(F2), ELERETEEN, &
R, /N A ARG o 11 Fh PHCs B9 ME 2351 47 84. 7%~102% ., 86. 7%~105% Fll 87. 2%~104%, ] iR
3R S AR T iR AL AL G RE A AU A R T s, BSR4 5 N A BT 32 3
(80%~120%) PN1'; =30 11 Fh PHCs 19 ME 24 73. 2%~93. 4%, e B34 A A W AE e — & D 5L Bk
AN o MRUERG IS A R 1, A2 R R 22 P b ph 280 A TR vl E
2.6 ZMEEERSE

A5 R bR PHCs BT /o iT, 1 F S BT B B 4 0. 05~20 we/L 1) R BT A bife
VWL, TR E AR BRI E N 2 we/L. 2 7R 115 PHCs ££0. 05~20 wg/L B 0. 1~20 pg/L 70 P 5
RIFZEH R, HRREG)HIKRTF0.996, Uik EEARAKET, Orbitrap HRMS 35 AN 23 H Bl
FfES, HIES RGN T EAE S TERR R (LOD) Al E & FR (LOQ) o AT i A B i
PRAE S 10 U0 BT A5 403E 1) RSD 43 I3 LA 3 A 10 SR HR LOD FILOQ. Z5R e, 11F PHCs ) LOD A
0.04~0. 1 perkg, LOQ 0. 1~0.3 pe/kg(F2),

2 1R PHCsIMZMEIEE . A RE. KB . @ & PR R s i

Table 2 Linear ranges, correlation coefficients(r*), LODs, LOQs and matrix effects of 11PHCs

Matrix effect/%

Analyte Linear range/(ug-L™") r LOD/(ug-kg") LOQ/(pg-kg™) Shrimp _ Croaker Oyster Salmon
3-CCZ 0. 05~20 0.998 5 0.04 0.1 98.8 102 96.0 89.4
36-CCZ 0. 05~20 0.9973 0. 04 0.1 102 98.3 103 93.4
1368-CCZ 0. 1~20 0.999 1 0.08 0.2 92.4 89.5 90.9 87.3
2367-CCZ 0. 05~20 0.999 3 0.04 0.1 92.6 96. 4 89.7 84.2
3-BCZ 0. 05~20 0.999 6 0.04 0.1 99. 8 97.2 95.1 92.3
27-BCZ 0. 05~20 0.997 6 0. 04 0.1 89.6 91.5 89.0 78.4
36-BCZ 0. 05~20 0.998 6 0.04 0.1 84.7 86.7 90. 8 92.7
136-BCZ 0. 05~20 0.999 2 0.04 0.1 88.8 89.4 86.9 76.3
1368-BCZ 0. 1~20 0.999 0 0.08 0.2 87.1 92.7 93.6 86.4
1-B-36-CCZ 0. 05~20 0.996 8 0.04 0.1 95.7 105 104 93.0
18-B-36-CCZ 0. 1~20 0.999 3 0.1 0.3 87.1 90. 3 87.2 73.2

2.7 EMESBEE

Sy AIBE 4 FhEEF= 0 (IR . /NS £ UG RN =30V as ARG TIR . . & (LOQ. 2L0Q
FI10LOQ) 3 FlK-~F Iy bRl #8525, LAPEA A7 5 v i B FORE S B . 3= IR 1. 37 a5 i
TIE, HMNREKFEENE 6K, £3WmR, 11FPHCs 78 ik 4 Fhifg = 5 b i) 29 [ 5oz 2 3k
78.7%~111%. 75.9%~106%. 74.9%~102%F171. 6%~112%, RSD43r541. 1%~12%, 2. 1%~13%. 1. 5%~
10%F1 1. 4%~9. 4%, b iRZ5SRFHAAS 5 3 AT A () WA BERURE 255 B, e 2 1577 i bR & PHCs 19 43
Freesk,

23 AR S 11D PHCs (4 [ 2R AH R bR (i 22

Table 3 Recoveries and relative standard deviations of 11 PHCs in four different seafood

Analyte Spiked Shrimp Croaker Oyster Salmon
level  Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

3-CCZ LOQ 93.1 3.6 95.3 3.8 92.7 3.9 96.9 5.9
2LOQ 98.4 3.2 94.1 4.3 94.6 2.5 97.2 2.3
10LOQ 105 1.1 99.7 2.1 97.3 3.7 104 1.4
36-CCZ LOQ 95.2 5.0 93.4 6.3 96.7 6.1 105 4.8
2L0Q 94.1 3.7 96. 8 3.7 102 5.4 112 5.9
10LOQ 97.5 1.9 104 5.0 99.8 3.3 107 2.7
1368-CCZ LOQ 89.4 8.6 83.4 6.4 88.4 7.9 95.5 7.3
2L.0Q 90. 8 9.3 82.0 4.7 95.9 9.4 96.7 8.0
10LOQ 97.5 5.6 90.7 3.2 93.7 5.6 102 6.8
2367-CCZ LOQ 90.5 6.6 84.6 9.0 82.2 7.5 91.7 5.7
2L.0Q 95.2 5.7 90.2 9.4 92.1 6.2 90. 8 6.0
10LOQ 93.7 3.8 94.8 2.7 97.5 3.9 99.5 5.9
3-BCZ LOQ 91.4 3.8 92.3 6.2 88.5 4.9 94.2 7.7
2L0Q 104 6.1 99.8 5.3 90.9 6.7 97.3 6.0
10LOQ 111 2.3 106 3.6 96. 6 1.5 96. 8 3.6
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(5i3)
Analyte Spiked Shrimp Croaker Oyster Salmon
level ~ Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

27-BCZ LOQ 80. 6 9.1 75.9 11 78.5 6.7 73.5 9.4
21L.0Q 88. 4 7.2 82.7 13 90.3 6.6 80.9 7.5
10LOQ 90. 4 6.7 86. 6 8.3 92.1 7.2 84.7 8.4
36-BCZ LOQ 82.2 9.0 77.6 5.8 90.2 6.6 85.4 6.4
2L.0Q 92.1 4.7 86.2 9.2 94.0 9.7 92.6 6.8
10LOQ 94.3 6.2 88.8 7.0 91.7 2.6 91.3 1.7
136-BCZ LOQ 78.7 12 76.6 8.8 74.9 5.7 75.0 6.1
2L0Q 83.5 5.8 80. 4 7.1 84.7 9.2 83.4 3.8
10LOQ 89. 1 7.3 92.8 6.4 82.1 3.4 88.1 6.7
1368-BCZ LOQ 79.2 9.3 80.6 9.4 85.6 4.6 90. 4 6.3
2L.0Q 86.4 5.8 78.2 6.2 89.4 8.2 87.3 5.2
10LOQ 90. 8 6.7 87.7 3.8 96. 1 6.7 98.5 3.7
1-B-36-CCZ LOQ 93.2 7.7 92.9 6.4 88.8 3.7 103 7.6
2L0Q 89.5 7.8 98.0 2.8 95.2 6.8 98. 4 2.4
10LOQ 107 2.1 106 2.3 99.9 4.6 110 3.9
18-B-36-CCZ LOQ 80. 8 9.4 76.7 7.0 83.1 10 71.6 6.6
2L0Q 83.4 5.7 86.5 6.3 78.7 8.0 79.5 7.8
10LOQ 89.2 6.2 90. 1 6.9 88.7 6.4 82.4 8.9

2.8 SEEREEmMINE

SR IS 7 YRR 8 19 31 4 ¥ 77 2R AT 11 FP PHCs ORI . B3 1-B-36-CCZ ARAG i Ah, Hosth 10 b
PHCs A AR R E MR (8 4) o DA EEEARWY, AR J7idn] ) {23l 37 i v 11 b PHCs B9 2347
il

4 3R SR 1R PHCS IS E0E (ug/ke)
Table 4  Statistical data of detected 11 PHCs in 31 seafood ( ug/kg)

Analyte Numbers>LOD Minimum Median Average” Maximum
3-CCZ 11 <LOD <LOD 0.3 1.3
36-CCZ 13 <LOD <LOD 0.2 1.1
1368-CCZ 6 <LOD <LOD 0.07 0.5
2367-CCZ 7 <LOD <LOD 0.09 0.8
3-BCZ 18 <L.OD 0.1 0.5 1.9
27-BCZ 3 <LOD <LOD 0.02 0.4
36-BCZ 12 <LOD <LOD 0.6 2.1
136-BCZ 8 <LOD <LOD 0. 06 0.9
1368-BCZ 5 <L.OD <L.OD 0.08 0.2
1-B-36-CCZ 0 <LOD <LOD <LOD <LOD
18-B-36-CCZ 8 <LOD <LOD 0.3 1.4

*the average value is calculated by taking the mean of the positive sample data detected
LV
3 & it

R 50 8 7 S PHCs [ FE S AL SRR A 74k, 3857 7 i 72 Sl PHCs B9 350 B CIPS/LC-
HRMS 0T 5 1% o AR e o, HAA RO ARSI R B0 . R IO ifi B RO 5, ml s 2 17 o
W & PHCs BT 3R o N %7 = S PHCs WEAT20 0T, 45 SR SR 7R AE— € ) PHCs
15 4% . AW G S R RN & S A IS IR A T A B AR T
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