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Abstract: An isotope dilution gas chromatography combined with triple quadrupole mass spec-

trometry (GC-MS/MS) method was established for the analysis of twenty polychlorinated naph-
thalenes (PCNs) congeners in environmental samples. The linear correlation coefficients (R?) of
calibration curves were greater than 0. 99 in the concentration range of 0. 5—200 pg/L for all the
twenty PCN congeners. The average relative response factors (RRF) were calculated based on a
seven-point calibration for the twenty PCN congeners. The relative standard deviations (RSDs)
of all the congeners were below 15% (n=7). The limits of detection (LOD) of the established
method ranged from 0. 04 to 0. 48 ;ug/L for the twenty PCN congeners. The recoveries of matrix
spiked samples ranged from 45. 2% to 87. 9%, and the RSDs ranged from 0. 4% to 21. 2% The
sediment samples and stack gas samples collected from secondary aluminum smelting were ana-
lyzed by the established method. The obtained results were also compared with the data analyzed
by high resolution gas chromatography/high resolution mass spectrometry ( HRGC/HRMS)
method. The comparison indicated that the data of the established method was in good agreement
with those of HRGC/HRMS method with the RSDs of 0. 5%—41. 4% Consequently, the estab-
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lished GC-MS/MS method can be applied to the determination of PCNs in environmental samples.

Key words: gas chromatography-triple quadrupole mass spectrometry; polychlorinated naphtha-

lenes; persistent organic pollutants; environmental samples
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1 MRM MS/MS PCNs
Table 1 Main parameters optimized for MS/MS analysis of polychlorinated naphthalenes (PCNs) in MRM mode
PCN congener Precursor ion (m/2) Product ion (m/z) Collision energy/eV ~ Dwell time/ms  Retention time/min

2-MoCN 162 (M) 127* 20 100 11.77
164 (M+2) 127 20 100

1,5-DiCN 196 (M) 126* 35 100 15. 05
198 (M+2) 126 35 100

1.2.3-TrCN 230 (M) 160* 35 100 20.53
232 (M+2) 160 45 100

1,3,5,7-TeCN 264 (M) 194 * 45 50 22.90
266 (M+2) 196 40 50

13Cy0-1,3,5,7-TeCN 274 (M) 204 * 40 50 22.89
276 (M+2) 204 45 50

1,2,3,5-TeCN 264 (M) 194* 40 50 25.77
266 (M—+2) 196 40 50

1.2.5,6-TeCN 264 (M) 194* 40 50 25.77
266 (M+2) 196 40 50

1,2,3,4-TeCN 264 (M) 194* 40 50 26. 36
266 (M+2) 196 40 50

13Cy0-1,2,3,4-TeCN 274 (M) 204* 50 50 26. 35
276 (M+2) 204 35 50

2,3.6,7-TeCN 264 (M) 194* 40 50 27.41
266 (M+2) 196 45 50

1,4,5,8-TeCN 264 (M) 194* 35 50 29.09
266 (M+2) 196 40 50

1.2,3.5,7-PeCN 300 (M+2) 228 40 50 30. 65
300 (M+2) 230* 40 50

15C10-1,2,3,5,7-PeCN 310 (M+2) 238 35 50 30. 64
310 (M+2) 240%* 45 50

1.2.3.4,6-PeCN 300 (M+2) 228* 45 50 32.22
300 (M+2) 230 35 50

1,2,3,6,7-PeCN 300 (M+2) 228* 45 50 33.50
300 (M—+2) 230 45 50

1.2.3.5,8-PeCN 300 (M+2) 228* 50 50 34. 38
300 (M+2) 230 40 50

1,2,3,4,6,7-HxCN 334 (M+2) 264* 45 50 39. 14
336 (M+4) 264 45 50

1.2.3.5,6,7-HxCN 334 (M+2) 264* 45 50 39. 14
336 (M+4) 264 45 50

13Cy0-1,2.3,5.6,7-HxCN 344 (M+2) 2747 50 50 39.13
346 (M+4) 274 40 50

1.2.3.5,7,8-HxCN 334 (M+2) 264* 45 50 40. 64
336 (M+4) 264 45 50

1.2,4,5.7,8-HxCN 334 (M+2) 2647 45 50 41.09
336 (M+4) 264 45 50

1.2.3.6,7,8-HxCN 334 (M+2) 264* 45 50 43.91
336 (M+4) 264 45 50

1.2,3.4.5,6.7-HpCN 368 (M+2) 298%* 50 50 48.99
370 (M+4) 298 40 50

$C12-1.2,3,4,5,6,7-HpCN 378 (M+2) 308* 40 50 48.96
380 (M+4) 308 40 50

OCN 402 (M+2) 332% 50 50 56.98
404 (M+4) 334 50 50

15C1o-OCN 412 (M+2) 342* 50 50 56.97
414 (M+4) 344 50 50

% Quantitative ion. MoCN, monochloronaphthalene; DiCN, dichloronaphthalene; TrCN, trichloronaphthalene; TeCN, tetrachlo-

ronaphthalene; PeCN, pentachloronaphthalene; HxCN, hexachloronaphthalene; HpCN, heptachloronaphthalene; OCN, octachloronaph-

thalene.
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Table 2 Compositions and concentration of PCN solutions for calibration curves
. PCN Congerner Mass concentrations of the calibration solutions/(pg/L)
PCN Congener -
number CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 CS-7
Native standard
2-MoCN 2 0.5 1 2 10 50 100 200
1,5-DiCN 6 0.5 1 2 10 50 100 200
1,2,3-TrCN 13 1 2 4 20 100 200 400
1.2.3.,4-TeCN 27 1 2 4 20 100 200 400
1,2,3.5-TeCN 28 0.5 1 2 10 50 100 200
1.2,5.6-TeCN 36 0.5 1 2 10 50 100 200
1.3.5.7-TeCN 42 0.5 1 2 10 50 100 200
1,4,5,8-TeCN 46 0.5 1 2 10 50 100 200
2,3,6,7-TeCN 48 0.5 1 2 10 50 100 200
1.2.3.4,6-PeCN 50 0.5 1 2 10 50 100 200
1.2.3.5,7-PeCN 52 1 2 4 20 100 200 400
1,2,3.5,8-PeCN 53 0.5 1 2 10 50 100 200
1, 2,3,6,7-PeCN 54 0.5 1 2 10 50 100 200
1.2.3.4,6,7-HxCN 66 0.5 1 2 10 50 100 200
1.2.3.5,6,7-HxCN 67 0.5 1 2 10 50 100 200
1,2,3.5,7,8-HxCN 69 0.5 1 2 10 50 100 200
1,2,3.6,7,8-HxCN 70 0.5 1 2 10 50 100 200
1.2.4.5,7,8-HxCN 72 0.5 1 2 10 50 100 200
1,2,3.,4,5,6,7-HpCN 73 1 2 4 20 100 200 400
1,2,3.4,5,6,7,8-OCN 75 1 2 4 20 100 200 400
13C-Labeled internal standard
13Cy0-1,2,3,4-TeCN 27L 100 100 100 100 100 100 100
15C10-1,3,5,7-TeCN 421 100 100 100 100 100 100 100
13Cy0-1,2,3,5,7-PeCN 521 100 100 100 100 100 100 100
15Cy-1,2,3,5,6,7-HxCN 671 100 100 100 100 100 100 100
13Cy-1,2,3,4,5,6,7-HpCN 73L 100 100 100 100 100 100 100
15C1p-1,2,3,4,5,6,7,8-OCN 751 100 100 100 100 100 100 100
13C-Labeled recovery standard
13Cy-1,2,3,4,5,7-HxCN 64L 100 100 100 100 100 100 100
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Fig. 2 (a) Chromatogram and (b) spectrum of OCN in MRM mode
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Table 3 Average relative response factors (RRFs) for individual congener, their LODs and LOQs by GC-MS/MS
. . . Average RSD/ LOD/ LOQ/
PCN congener 13C-Labeled internal standard RRE 9 (ng/L) (ng/L) R?
2-MoCN 19Cy0-1,3,5,7-TeCN 3.38 12.8 0. 46 1.55 0. 991
1,5-DiCN 13Cy0-1,3,5,7-TeCN 2.09 5. 5 0.08 0.28 0.995
1,2,3-TrCN 13Cy0-1,3,5,7-TeCN 1. 06 5.6 0. 10 0.32 0.993
1,3,5,7-TeCN 13Cyp-1,3,5,7-TeCN 1.03 4.9 0. 04 0.13 0. 990
1,2,3,5-/1,2,5,6-TeCN 135C1-1,2,3,4-TeCN 0.96 4.1 0.21 0.71 0.994
1.2.3.4-TeCN 15C10-1,2,3,4-TeCN 0. 95 5.1 0.23 0.75 0.990
2,3.6,7-TeCN 13Cy0-1,2.3,4-TeCN 0.77 4.2 0.14 0.48 0.997
1,4,5.8-TeCN 13Cp-1,2,3,4-TeCN 0. 44 7.6 0.23 0.77 0.992
1.2,3,5.7-PeCN 13Cy0-1,2,3,5,7-PeCN 1.22 5.0 0.22 0.73 0.994
1.2.3.4,6-PeCN 13Cy0-1,2,3,5,7-PeCN 0.92 8.3 0.11 0. 36 0.990
1,2,3,6,7-PeCN 13Cy0-1,2,3,5,7-PeCN 0. 95 5.9 0.18 0.58 0. 999
1,2,3,5,8PeCN 19C10-1,2,3,5,7-PeCN 0.68 10. 4 0.08 0.28 0. 990
1,2,3,4,6,7-/1,2,3,5,6,7-HxCN 13Cy-1,2,3,5,6,7-HxCN 1. 26 7.8 0. 20 0. 66 0.999
1,2,3.5,7,8-HxCN 13Cy0-1,2,3,5,6,7-HxCN 0.71 11.7 0.23 0.76 0. 990
1,2,4.5,7,8-HxCN 13C1p-1,2,3,5,6,7-HxCN 0.51 12.9 0.24 0. 81 0.990
1,2,3.6,7,8-HxCN 13Cy-1,2,3,5,6,7-HxCN 0.53 7.9 0.21 0.71 0.994
1.2.3.4.5.6.7-HpCN 13Cy0-1.2.3,4.5.6.7-HpCN 0.90 10. 2 0.42 1. 39 0. 990
1,2,3.4,5.,6,7,8-OCN 13C-1,2,3,4,5,6,7,8-OCN 1.01 8.1 0.48 1. 60 0. 999
RSD: relative standard deviation; LOD; limit of detection; LOQ: limit of quantification; R*: correlation coefficient.
2.2.3 PC-
PCNS ’ NS ’ °
20 PCNs 1 , 20
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Table 4 Comparison of PCN concentrations in environmental samples analyzed by GC-MS/MS and HRGC/HRMS

Stack gas 1/(ng/m?*) Stack gas 2/(ng/m?*) Sediment 1/(pg/g) Sediment 2/(pg/g)

HRGC/HRMS GC-MS/MS HRGC/HRMS GC-MS/MS HRGC/HRMS GC-MS/MS HRGC/HRMS GC-MS/MS

PCN congener

2-MoCN 0. 36 0. 38 0.27 0. 30 19. 56 18.12 14. 81 11.55
1,5-DiCN 2.66 2.64 3.28 3.66 10. 66 11. 49 7.58 9.69
1,2,3-TrCN 22.11 20. 47 2.45 2.18 17.53 15. 37 8.32 8.38
1,3,5,7-TeCN 28. 40 25.25 23.27 19. 33 3.85 3.70 1. 06 1.50
1,2,3,5-/1,2,5,6-TeCN 34.78 34.83 33.94 30. 88 5. 84 6.70 2. 40 3.04
1,2,3,4-TeCN 21.29 19. 88 19. 39 16. 55 3.91 4.92 1.52 2.27
2,3,6,7-TeCN 1.11 1.01 0.90 0.52 5.49 5.85 2.36 2.65
1,4,5,8-TeCN 95.92 135.18 88.75 113. 06 5. 46 8.43 2.43 3.95
1,2,3,5,7-PeCN 22.27 26.74 14. 98 15.48 1. 94 1.58 1.74 1.61
1.2,3,4,6-PeCN 7.06 8.94 4.53 5.55 1.02 1. 60 0.48 0. 66
1,2,3,6,7-PeCN 1. 84 1.93 1.03 1.32 0.16 0. 30 0. 41 0. 37
1,2,3,5,8-PeCN 21.55 27.65 13.06 14.75 0.74 1. 26 1.17 1.27
1,2.3,4.6,7-/ 8.35 6.31 4.34 3.92 0.74 0.82 1. 00 1.08
1.2,3,5,6,7-HxCN

1,2,3,5,7,8-HxCN 13.09 13.33 7.20 6.89 0.67 0.73 0. 54 0.65
1,2,4,5,7,8-HxCN 16. 40 19.12 8.73 9.39 0.51 0.82 0.57 0. 80
1,2,3,6.7,8-HxCN 0.17 0. 20 0.12 0.18 0. 25 0. 36 0.24 0. 37
1.2,3,4,5,6,7-HpCN 6.16 5.97 4.25 3.82 1.57 1.35 1. 30 1.32
1,2,3,4,5,6,7,8-OCN 13.15 10. 39 3.22 2.61 0.93 0.89 0.53 0.58
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