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Abstract: Objective To establish a method for the determination of 11 polyhalogenated carbazoles in drinking water
by solid—-phase extraction coupled with gas chromatography—mass spectrometry, so as to provide technical reference for
monitoring such pollutants in aquatic environments. Methods The temperature programming conditions of chromatogra-
phy and the eluent for solid-phase extraction were optimized to improve the separation efficiency of target compounds
and reduce matrix interference. A total of 1 L finished water sample from a waterworks was collected, enriched and con-
centrated using a HC-Cys solid-phase extraction cartridge, eluted with dichloromethane, quantitatively analyzed under the
selected ion monitoring mode of gas chromatography—mass spectrometry, and corrected using surrogate standards. Work-
ing curves of 11 polyhalogenated carbazoles were established, and the limits of detection, limits of quantification, aver-
age spiked recovery rates and relative standard deviation (RSD) were calculated. Results Under the optimized condi-
tions, the analysis results of 11 polyhalogenated carbazoles and surrogate standards showed that all target compounds ex-
hibited symmetrical peak shapes, low matrix interference and good resolution, meeting the requirements of quantitative
and qualitative analysis. The 11 polyhalogenated carbazoles showed good linear relationships in the range of 0.1-5.0 ng/L,
with all correlation coefficients =0.999 4. The limits of detection ranged from 0.02 to 0.08 ng/L, and the limits of quan-
tification ranged from 0.04 to 0.25 ng/L. At spiked concentrations of 0.1, 0.2 and 1.0 ng/L, the average spiked recovery
rates were 89.1%-107.6%, 97.8%—100.5% and 92.6%-100.4%, respectively, with RSD of 2.9%-9.2%, 1.0%-3.4% and
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0.8%-3.1%, respectively. Conclusion The method based on solid—phase extraction—gas chromatography—mass spectrome-

try for the determination of 11 polyhalogenated carbazoles in drinking water demonstrates good accuracy and precision,

and can be applied to the detection of polyhalogenated carbazoles in drinking water.

Keywords: solid—phase extraction; gas chromatography—mass spectrometry; polyhalogenated carbazoles
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Table 1 Optimization parameters for temperature programming
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Figure 1 Total ion chromatogram of polyhalogenated carbazoles
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and surrogate standards in SIM mode
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Table 2 Retention times, quantitative and qualitative ions of

polyhalogenated carbazoles and surrogate standards

Htsfb&Y B /min S8BT (k) SR (w/k)
NECZ 13.8 195.1 195.1, 180.1
3-CCZ 20.0 201.1 201.1, 166.1
3-BCZ 233 245.0 245.0, 166.1
PCZ 26.3 243.2 2432, 120.6
36-CCZ 277 235.0 235.0, 200.0
1368-CCZ 29.0 304.9 304.9, 268.0
1-B-36-CCZ 31.4 314.9 314.9, 198.0
36-BthCZ 31.6 279.3 279.3, 264.1
27-BCZ 34.2 324.9 324.9, 164.1
36-BCZ 34.6 324.9 3249, 164.1
18-B-36-CCZ 35.0 392.9 392.9, 198.0
136-BCZ 382 402.8 402.8, 164.1
1368-BCZ 41.4 482.8 482.8, 162.0
2367-CCZ 41.8 305.0 305.0, 268.0

EInAR AR K 97.5%~118.6% . 25 F AR FIBCR IR,
BaE IR, 0.1, 0.2 A1 1.0 ng/L ¥EJET, 11 FP
AR s S S50 A [0 & 4 il Sk 89.19%~107.6%
97.8%~100.5% M1 92.6%~100.4%, RSD 43 %l K
2.9%~9.2% . 1.0%~3.4% K1 0.8%~3.1%., W 3.

&3 HAURPEZEPE AT R KR 2R FIIAR FTCR AT RSD

Table 3 Linear equations, limits of detection, limits of quantification, average spiked recovery rates and RSD of polyhalogenated carbazoles
Hirfk ot e & KRy LAY PR PR/ % RSD/%

(ngl)  (ngL) 0.1 ngL 02 ngL 1.0 ngL 0.1 ngL 02 ngl. 1.0 ng/L
3-CCZ y=0.316 5x-0.010 5 0.999 8 0.02 0.05 95.4 100.5 99.9 3.4 3.4 0.8
3-BCZ ¥=0.235 0x-0.010 5 0.999 7 0.02 0.05 98.9 99.2 99.5 33 1.6 1.1
36-CCZ ¥=0.179 8x-0.003 2 0.999 6 0.02 0.06 100.0 99.2 98.0 59 2.3 1.7
1368-CCZ y=0.178 2x+0.005 4 0.999 4 0.02 0.04 89.1 97.8 95.3 4.9 1.9 2.1
1-B-36-CCZ ¥=0.235 1x-0.010 5 0.999 6 0.03 0.09 102.7 98.0 95.1 8.6 1.7 2.1
27-BCZ ¥=0.308 4x+0.004 8 0.999 5 0.03 0.10 107.6 99.3 97.4 5.5 1.0 3.1
36-BCZ ¥=0.254 5x-0.006 7 0.999 5 0.07 0.22 104.9 99.6 100.4 6.1 3.1 1.9
18-B-36-CCZ ¥=0.149 0x+0.002 7 0.999 4 0.08 0.25 93.5 99.6 96.8 5.5 1.9 2.8
136-BCZ ¥=0.201 9x+0.000 9 0.999 7 0.04 0.12 92.6 98.4 95.5 2.9 1.4 2.3
1368-BCZ y=0.094 3x+0.004 6 0.999 5 0.07 0.23 90.2 100.2 96.6 9.2 2.3 0.9
2367-CCZ y=0.156 2x-0.007 2 0.999 7 0.03 0.09 101.3 98.1 92.6 6.2 2.3 1.4
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