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Abstract:  This study aims to establish an efficient sample pre-treatment method and highly sensitive gas
chromatography (GC)-tandem mass spectrometry (MS/MS) conditions for the accurate determination of 9 kinds of
carbazole (CZ) and polyhalogenated carbazoles (PHCZs) in marine sediments. The freeze-dried sediment samples
were extracted by accelerated solvent extraction, purified by gel permeation chromatography and then dried in mild
nitrogen flow. After resolubilization with acetone, the samples were analyzed by GC-MS/MS and quantified by
external standards. The results showed that the standard curves for CZ and different PHCZs were good in the
concentration range of 0.10-10.00 pug/kg or 0.20-10.00 pg/kg with correlation coefficient was greater than 0.996. The
limits of quantification of the method were 0.10-0.20 pg/kg. The recoveries of CZ and PHCZs were 83.5%-115.0%
under different spiking levels of 1-fold limits of quantification (LOQ),2-fold LOQ and 10-fold LOQ. The relative
standard deviations (RSDs) were 3.43%-9.77%. This method had the advantages of simple operation steps, higher
automation and sensitivity,accurate characterization and quantification, which could meet the detection requirements of
these organic pollutants in marine sediments.
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A IR S B R TR IR e
i 2l (Merck, 7 [{) ; CZ, 3-& MWk (3-CC2Z) | 3-1R
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A (CCZ-1368) , 1-1R-3, 6- G Mk (1-B-3, 6-
CCZ).3,6- " JRIRME(3,6-BCZ) .2, 7- R (2,7-
BCZ) J 1,3,6,8-PU iR ARmk (BCZ-1368) ¥4 24y f5 5 46
FEARUE G (A1 =980 5 Hil By (Al FE =99.99%0) 5 5%
55 FHOK 24 R B 4K

OB < A 52 56 J97 gV DB FE & 2 R A
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YR DRI RE B L A GE B CZ & PHCZs HITR & #r
WES I OMBRIKSE- A 1 pg/ke) 153075 P ORI RE i
1.2 HARRGEE

IRAFRIERE £ W - B 1.0 mL CZ } PHCZs IR
BARHER W 9 B H AR W B Wk B 1 000
mg/mL) T 100 mL 255, InA Pl I @ 25 2 %)

LR T T R R 10 mg/mL B TR A AR UE i
WL IHET —20 CF MOCARTE

TR A B 1 o TR) 3 B 3R TR A B o A A TR 1.0
mL T 10 mL Z¥ & A PSR 5 75 2 20 8 2
T i) B S5 v B O 1 mg/mL B IR G B v R A
—20 CHELIRAE .

FYNE A b5t T AR - WS IR G b 1 o )
VAV, FH DN TR R B B R B 1.0,2.5.5.0,10.0,,
25.0.,50.0,100.0,250.0 ng/mL i & 3R A b5 T
VEWL, —20 °CHENCARAE .
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12 b, W |35 WA 3 R O
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W R L HLRI
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mm, BB #2271~ 327 mm (200~400 H); i 3
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5.0 mL/min; i& 17 B} [8] . 35 min; Y 4 B (0] . 4 ~
12 min,

1.4.2 GC &1
5 HE . HP-5MS, HUA% 7 30 m X 250 pm X 0.25
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Fig.1 Influence of extraction methods on the recoveries of CZ and PHCZs
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Fig.2 Influence of extraction temperature on the recoveries of CZ and PHCZs
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Fig.3 Influence of the number of static cycles on the recoveries of CZ and PHCZs
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Fig.4 Influence of collection time of gel permeation chromatography on the recoveries of CZ and PHCZs
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43 5 - HP-5MS (30 m X 250 pm X 0. 25
pm) HP-5MS (15 m X 250 pum X 0.25 pm) Hl DB-
5MS(30 m X250 pm X 0.25 pm) 3 Fl (o i 4k X IR &
P R VA TR AT (0 3% 23 B LA TRl R e R R e
SEAAEIR 1.4.2 75, 25 58O ) 40 33 A % 45 B bR 10

SRR . AR KM, % HP-5MS (30 m X 250
pm X 0.25 pm) G35 FE I H AR 43 2 ROR A, B
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W IAT — A F R MS 2007 8058 45 B bR 1
B AOR EEER] xR R RE B T R T T B T A
3 =g MS 3% 1B, D\ e 38 35 58 B o R i B R B
Ry S B R B IR A R M O R AT R
A, 9 Fis ARSI MS 80L& 1,
2.6 Fr kit AL
2.6.1 ol RIAS B

FE LA T PR SR 0 R GIR A A o TR
WOHAT B . DL A BRI 7E MRM T 19 €385 I 1
FUM B AR & Cy) s DA R B bR 2 5 vk 3 oy 3 A8
i (x,ng/mL) i F AR TR 25 il bs v il 4, 3 B 4
PEJF RERAROC R A, i W RS R 3L DL 3 A 1R
W LY (S/ND S A JoE £ Wk BE AR Ol O ke i BR L DA 10
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R 1 CZK PHCZs M MS B
Table 1 MS parameters of CZ and PHCZs
J A L
H¥r¥ — —— — A% B3 15 ] /min il 88 FEL K/ e V
B R E T FE T
.
CZ 167.1 139.1 115.1 19.963 ¥
35
o . 25
3-CCZ 201.0 166.1 140.1 22.631
35
. ~ . o e 25
3-BCZ 244.9 166.1 139.1 23.755
35
. e . 25
3,6-CCZ 234.9 200.1 164.1 25.108
35
N . 25
CCZ-1368 304.8 270.0 232.0 25.522
25
r 25
1-B-3,6-CCZ 314.8 234.0 164.0 26.231
15
v - 35
3,6-BCZ 324.9 165.1 246.0 27.074
25
“ - 25
2,7-BCZ 324.9 165.1 244.0 27.198
25
< 35
BCZ-1368 482.7 322.9 402.0 29.417
25
®2 MY CZ K PHCZs ML MEE K RINEER
Table 2 Linearity ranges,linear equations and correlation coefficients of CZ and PHCZs
H ¥ PEMR/ (pg s kg™ D [m] 15 75 LIPEY KR/ (pg e kg™ D) FERR/ (pg = kg™
CZ 0.10~10.00 y=23271.972—117.37 0.996 1 0.03 0.10
3-CCZ 0.10~10.00 y=2 878.44x —282.78 0.997 3 0.03 0.10
3-BCZ 0.10~10.00 y=973.46x —165.65 0.996 6 0.03 0.10
3,6-CCZ 0.10~10.00 y=945.51x—221.28 0.998 6 0.03 0.10
CCZ-1368 0.20~10.00 vy=931.38x —189.81 0.997 3 0.06 0.20
1-B-3,6-CCZ 0.20~10.00 y=2322.37Tx—57.44 0.997 8 0.06 0.20
3,6-BCZ 0.20~10.00 y=211.81x—103.42 0.998 7 0.06 0.20
2,7-BCZ 0.20~10.00 y=204.62x —142.57 0.997 2 0.06 0.20
BCZ-1368 0.20~10.00 y=72.73x—20.29 0.997 8 0.06 0.20

10.00 pg/kg, fH K R E I K F 0.996, £ H BN
0.03~0.06 pg/kg, EHFRAE 0.10~0.20 pg/kg. A&
IF 8 T ARSI 5 0k R A iR, LR R PR
HREET WU &2l k.
2.6.2 KW RN B

FREL 5 g ARAZ 15 9L MgV DU YA a3t 18 17
3 sk BN AR 2K e TR W A B o A A T
Wl H R INARAKCE 43 3 R 1 A% 03 £ .10 i &
B A3 IR K S 45 1 6 1 FATRE . 2 1.3.1 kAT
ZEHUAT AL PR, e 1.3.4 AT IR BOR ik, 7E 1.4 715
B AS S5 A R 3 AT I, M e S5 R WL 3R 3. H
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3 TEABRYH CZ K PHCZs mirE B R FNEITFRERE (n=6)

Table 3 Recoveries and relative standard deviations of CZ and PHCZs in polluted sedimens

Hir¥ JAR K/ Cpg » kg™ 1) [/ % AR XA 1 A 22/ %
0.10 89.0~110.5 9.55
CZ 0.30 89.8~103.7 6.17
1.00 95.9~106.7 4.17
0.10 89.0~109.5 9.77
3-CCZ 0.30 88.4~113.6 9.31
1.00 95.9~108.3 4.74
0.10 90.5~115.0 9.31
3-BCZ 0.30 89.3~106.7 6.31
1.00 95.9~105.0 3.43
0.10 87.5~109.5 9.20
3,6-CCZ 0.30 89.3~103.5 5.82
1.00 90.3~106.0 5.92
0.20 91.0~114.5 9.62
CCZ-1368 0.60 93.5~110.2 6.08
2.00 94.7~109.8 6.05
0.20 84.5~101.0 7.01
1-B-3,6-CCZ 0.60 83.5~102.3 7.92
2.00 89.3~102.2 5.28
0.20 86.0~106.5 8.32
3,6-BCZ 0.60 85.6~101.6 6.87
2.00 84.0~102.0 7.43
0.20 84.5~106.0 8.83
2,7-BCZ 0.60 86.1~109.6 9.68
2.00 89.7~105.5 6.19
0.20 86.0~105.5 7.20
BCZ-1368 0.60 80.9~100.2 9.01
2.00 90.0~102.7 1.64
x4 ARUEERBEKXBENRYH CZ R PHCZs 4
Table 4 Mass concentration of CZ and PHCZs in inshore surface sedlments of Zhoushan preg/kg
Hir¥y a1 K 2 K 3 K 4 Rl 5
(074 0.23 0.68 1.79 0.61 1.21
3-CCZ 0.41 0.79 1.38 0.84 1.29
3-BCZ ND ND 0.61 0.24 0.27
3,6-CCZ 17.24 28.62 80.22 36.90 37.11
CCZ-1368 ND 0.23 0.69 0.24 0.30
1-B-3,6-CCZ ND 0.65 3.16 0.96 0.86
3,6-BCZ ND ND 22.00 3.12 0.31
2,7-BCZ 1.17 1.88 19.58 2.67 3.10
BCZ-1368 0.56 0.68 0.36 0.78 0.95

T D B DL R O
3 4 i
AW G ST T — i 3 s R A B2 A

e 3 X 36 9 T B B A 0 AT G A B
GC— MS/MS [F I K 0 3 6 0 BUAI o €7 J% 3

B o 4 ek e BE 3 ND”Rn R Y

PHCZs M43 5k . %051 H bR s L R U
1o E P E T2 BT AR L A2 X R DO AR A o 2
PHCZs (IR k6 I 223K . R 3% 07 i 6] A% L3 R
MR 5 AN SRAE AR Z DU HEAT SE PR A I, B IR 4R
T AL TR W PHCZs K 4% B0, 7T
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