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Determination of 7 kinds of emerging organic pollutants in fish by
accelerated solvent extraction-gel permeation chromatography-gas
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 7 kinds of emerging organic
pollutants in fish by accelerated solvent extraction-gel permeation chromatography-gas chromatography-tandem mass
spectrometry. Methods The samples were mixed and ground with diatomite and extracted by accelerated solvent
extraction, purified by gel permeation chromatography, blow to nearly dryness by nitrogen, and redissolved in 1 mL
acetone. They were analyzed in the multiple reaction monitoring (MRM) mode and quantified by external standard

method. Results The carbazole, 3-chlorocarbazole, 3-bromo carbazole and 3,6-dichlorocarbazole showed good
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linear relationships in the range of 0.5-50.0 pg/kg with the correlation coefficient r>0.997; the 3,6-dibromo carbazole,

2,7-dibromo carbazole and 1,3,6,8-tetrabromo carbazole showed good linear relationships in the range of 1.0-100.0 pg/kg

with the correlation coefficient r>0.998. The limits of quantification (LOQs) were 0.50-1.00 pg/kg, and the average

recoveries of 7 kinds of carbazole and polyhalogenated carbazoles were 87.22%—107.27% at the 3 kinds of spike
levels of LOQs, 2-fold LOQs and 10-fold LOQs. The relative standard deviations (RSDs) were 2.70%—8.17% (n=6).

Conclusion This method is highly automatic, process shighly sensitive, reasonably stable, and can be used for the

determining of 7 kinds of carbazole and polyhalogenated carbazoles in fish.

KEY WORDS: accelerated solvent extraction; gel permeation chromatography; gas chromatography-tandem mass

spectrometry; fish; polyhalogenated carbazoles
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4.5 mL/min; izf7Bf[E]: 35 min; WCHERTA]: 3~13 min,

Q)& &I
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FHEFEFF: EIHIREE A 50°C, H4FF 3 min, LA 10°C/min
B3 BE FHIR 28 300°C, FPRFF 10 min; 2ACHAR, Hiftk
1.1 mL/min; fHJE, /I 8.4679 psi; #FAEITHREE: 280°C,
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1, FZ5 i(electron impact, EDE TR, HTHER N 70 eV;
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(multiple reaction monitoring, MRM); 5 F-JiEE: 280°C;
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Wi, Z5SRULIE 3, SEEGEEIREHA, PRI 1 IR, HERY
HI I AR 62.0%~74.0% 22 11], FEFRZEBOR B INE] 2 1k
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Table 1 Mass spectrometric parameters of 7 kinds of carbazole and polyhalogenated carbazoles

&Y FEHE B T Xt (m/z) {5 54 15} [ /min Tl 48 L eV
BN 167.1—139.1", 167.1—115.1 20.003 35,35
3-SR 201.0—166.1",201.0—140.1 22.682 25,35
3-JR I 244.9-166.18", 244.9—139.1 23.800 25,35
3,6- —SA Rk 234.9-200.1", 234.9—-164.1 25.156 25,35
3,6- TR I 324.9—165.1", 324.95246.0 27.125 35,25
2,7- LIRS 324.9—165.1", 324.9—-244.0 27.249 25,25
1,3,6,8-PU R IR s 482.7—322.9", 482.7—402.0 29.478 35,25

TE: D R .
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Fig.1 Effects of extraction solvents on the recoveries of 7 kinds
of carbazole and polyhalogenated carbazoles (n=3)
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Fig.2 Effects of extraction temperatures on the recoveries of 7
kinds of carbazole and polyhalogenated carbazoles (n=3)
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Fig.3 Effects of numbers of cycles on the recoveries of 7 kinds of
carbazole and polyhalogenated carbazoles (n=3)
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FR L ST (] 5 3~9 miin, 3-1R I A4 3 R 5 8] 2 5~9 min, 3,6-
AR R ] R 5~11 min, 3,6- ZVRMEIR A H
B4 7~11 min, 2,7- PRI 1,3,6,8-PUIR R0 A I H B
[a] 24 7~13 min, H7E 1~3 min Fl 13~15 min B35 H K AR
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Table 2 Distillate components at different time periods

W AR 1} 1] Bt /min

Ew

7~9 9~11 11~13 13~15

A
3G e -
3-JRL e - -
3,6- G s - -
3,6- IR s - -
2,7- R R - -
1,3,6,8-PU R Mg - _

+ o+ o+ o+

+ - - -

T e S

+ o+ o+ o+

B+ AR, R RS
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FHEIME B RERE . XL T HP-5MS (30 mx250 pm, 0.25 pm)
F1 DB-5MS (30 mx250 pm, 0.25 pm)BAh @i 4EXHE A48
WEV TR 4 B RBCR I X THR R 7 AR SR A5 A Rl 7 T
ik, g5 R LW, R Agilgent HP-5MS @ iEAERf, %% HiR
AP oy e R A, LR T . o T i
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HE, FEAR A T R A 4 BTR

24 FUEEHMHKL
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Xif 7 RIS o A R IRV A B VA TR T — R T A 4,
Ve E T 8 i FLT i A0 K B B -V R B 8 9043 B o 1
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FF i, FExTRETEGE A | Rl R S S AR A
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25 ZMXEMREE
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Wi 137 548 B (< 10%),

—rL

SRTRRAN . LA HARPIR BT EE (X, ng/mL) WA AR, Xt
Iof ) T W T RRL(Y) g AR bR, i T SN i 22 il o T 42,
AL RRMASERE L 3 EE0E E(S/N)THEAG R
PL10 FEEME (SN e PR e 3 Al mRms, 354
s | 3-PRIHEIRAT 3,6- —SRHATE 0.5~50.0 pg/kg IS
FINZRIE R RAF, HHEREEYRT 0.997, fuil BRFIE &
FR43514 0.20 A1 0.50 pg/kg, 3,6- TRMEME | 2,7- VR MEF
1,3,6,8-PUIRIHMETE 1.0~100.0 pg/kg HIHCEETE I L &
RAF, MIEREIIRT 0.998, K BRAIE ERA510 0.40
1 1.00 pg/kg o i B ARG 5T G 7 AR 7 ik e T K 28 s 2K
2.6 EINERSHEEE

Has (A 2SkEdh, WIS L 7 Rk A pa fC kTR A
FRUETRI, JNFRZKE43 3% PHCZs 1) 1 f5E =R . 2 fi%
FERRRA 10 freE R, H&WREAEEITH& 6 o 1%
1.3.2 A kb A P iAb B, IRAE 1.3.3 AR &0 Nk
FE, GEHLILE 40 mE 4 0lAL, 7 ARk ARk AL A
YIS [N 26k 87.22%~107.27%, FHXTARMEN 22 (relative
standard deviations, RSDs) & 2.70%~8.17%, % EFaE .
AISE L BLAT A ROV R ARG B, R A A S P [ R
I 7 Fp R g ARSI R R

g

A S

T e T 1
6 7 8 9 101112 13 14 15161

7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

£ B Bsf [8]/min

T ar MR b 3-S0HEME; ¢ 3-IRHEME; d: 3,6- " ZUHEME; e 3,6- " RIMEIK; £ 2,7- T RUIHEIE; g0 1,3,6,8- UMM
P4 7 Flrkms R p £ R AR o T /R WAL S T3 &I (10 ng/mL)

Fig.4 Total ion chromatogram of 7 kinds of carbazole and polyhalogenated carbazoles standard working solution (10 ng/mL)

F3 7 MMM AR AL AYIRLMSER. MHRMESR

Table 3 Linearity ranges, limits of detection and limits of quantification of 7 kinds of carbazole and polyhalogenated carbazoles

sl LML/ (ng/kg) bt 45 e HERE(  BHER/(ugkg)  ERBR/(pg/ke)
TR 0.5~50.0 Y=25151.66X-15585.41 0.9998 0.20 0.50
3G R 0.5~50.0 Y=34210.07X-33886.80 0.9993 0.20 0.50
3-TRARIE 0.5~50.0 Y=12442.91X-13729.99 0.9989 0.20 0.50
3,6- SR 0.5~50.0 Y=15154.30X-23285.04 0.9974 0.20 0.50
3,6- R 1.0~100.0 Y=4608.46X-5763.55 0.9984 0.40 1.00
2,7- R IR 1.0~100.0 Y=3996.20X-4917.56 0.9982 0.40 1.00
1,3,6,8-PU 75 Rk 1.0~100.0 Y=493.49X-423.64 0.9991 0.40 1.00
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4 GAAERT 7 FHRRRER S AR A S 2 I R F
RSDs (n=6)
Table 4 Average recoveries and RSDs of 7 kinds of carbazole
and polyhalogenated carbazoles in fish samples (n=6)

fetrt WARIEE gy eme RSDs%
/(ng/kg)
0.5 90.25 2.73
I 1.0 98.32 432
5.0 101.82 3.70
0.5 90.33 2.70
3-SA MR 1.0 93.18 5.22
5.0 107.27 3.64
0.5 93.75 3.68
3-TRARIE 1.0 87.22 4.84
5.0 101.32 2.88
0.5 100.92 3.74
3,6- G Mk 1.0 93.20 4.46
5.0 94.37 6.14
1.0 98.67 5.20
3,6- IR 2.0 94.07 4.74
10.0 99.68 8.17
1.0 97.58 434
2,7- R 2.0 95.35 4.99
10.0 97.71 5.47
1.0 98.75 6.64
1,3,6,8- U 6L e 2.0 98.10 6.59
10.0 97.90 7.43

2.7 SEBRFEmAGT

BEHLNIBOR B R R A Al BARMAEN A 25 it
WAL 100 LU, FIFHAIZEEE S 0805 vk 04 il He 7 Rl
W AR AL S B BRI, R, SR
At BAR 7 R A R S A AR S
58%. X SEFIPERE b % BRI —E Bk, Hrp

3-TRMRME | 3,6- UM . 3,6- IRMRME . 2,7- RIS
TR R, KIIMETE 0.6~1.1 pg/kg WA, AT, FH
T8 1) £ 205 A7 RIS R ) AR PR AL 5 W 15 YL B ol T B, AE
JESEMBETE T, AALTFEY KFE S SR AEHLIX | BEIFE &
Bk, A DB HAR AN I K ST
2.8 S5UBRERITEE

AP SIA LT T, SR IEE 5. ZHOU
B3I Sy () UPLC-MS/MS #6:HBRAEIAF] 0.003~0.22 pg/kg,
RAGE FHFUURY; FROMME %D FH 2R FC SR B UR 24
PR AR, R R IR B & E T o, HHFERHS H.
VFIIEAER R FAEIACYEE XS] £ 57 19 QUEChERS Ripih it
o, AEFT RN . S AR R XU 3
FRGRAR it R R 2~14 pgrke, ELATREINE (1 5
FRRmgFh 25 /0 AT 1R B ASE FINEER 8 35 (0 38 004 T Hi
AhE, R THHE AT, B, e T Oy ke
EEM., AN, AL EMEHRATA 0.20~0.40 pgkeg, 4
D7 BB UEFNSE PR RE S A, Ay RIS AT .

3 4 ®

AHIEGE R PASE 24 I 0 2500 B S SE e X 42, Ak T R
SRk, IR B . = REBUE N GC-MS/MS ##17
SIHTINAE, ZITIERIR R R 0.20~0.40 pg/kg, & mfRK
0.50~1.00 pg/kg, X3 T IR TG [T 7508 R
FIZERAYL . BERB B O A L3R, $2m T kb3
SRR A SRR, — R TN, S Jr e T
5 PR AR M o T SRR R A Fr i s, a2k
FE b PHCZs BIAS HU R KT 50%, 1 H T FE e = 7K 7 5
AR R BR AR o, TR AR ST 1A A X AR T i R A
PHCZs fEHBREZR, Frila AR, MO ff T = i
WHEMNE ML S, AFFEES TR T X A 2R
IR e T 1 AR 8 4 ) B - BT ARG, A R S8 T A £ 2
BTG P B TRl 2= B S

*5 SUAHENMLER

Table 5 Results of comparison with existing methods

pagie i AR PR A & AR TIRES T [l /% 5 HBR/(ng/kg) E DN
- ASE
TR SPE L, UPLC-MS/MS 64.8~124.7 0.003~0.22 [33]
i F G GC-MS/MS KF 70 0.004~0.7 [16]
i U5 QuEChERS GC-MS 71.21~105.04 0.049~0.39 [34]
T R
7 BB 5 i HPLC 65.7~118.3 2~14 [29]
[ FH 2 B
, ASE
RS LIS 1 GC-MS/MS 87.22~107.27 0.20~0.40 A3

OB (4357 (high performance liquid chromatography, HPLC).
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