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Abstract: To address the challenge of inefficient parallel analysis of volatile organic compounds
(VOCs) and semi-volatile organic compounds (SVOCs) in water, this study proposes a dual-channel
time-series optimization control strategy for an online water quality gas chromatography—mass spec-
trometry (GC—MS) analysis system. Based on this strategy, a dual-channel online sampling device
was constructed and its application evaluated. Under the control of this strategy, the idle time be-
tween analyses in the online system was reduced from 44. 0 min to 1. 3 min, which shortened the sin-
gle monitoring cycle by 28% and simultaneously prevented volatilization losses of target analytes
caused by prolonged retention times. Methodological validation was performed by coupling the online
sampling device with the online analysis system to analyze 60 VOCs and SVOCs. Both compound
classes exhibited excellent linearity with r>20. 995 9 within the ranges of 0. 1-20 wg/L. and 5-100 ng/L,
respectively. The limits of detection for 56 VOCs ranged 0. 04-0. 26 wg/l., while those for four SVOCs
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reached 0. 12-0. 25 ng/L. Spiked recoveries for both compound classes ranged in 88. 8%—114%. The
improved operational efficiency resulting from time-series optimization also enabled more frequent
monitoring by the system. During an 8-day continuous monitoring campaign in a river network, the
monitoring system, using the proposed strategy, successfully captured transient concentration fluctu-
ations of a pollutant with a peak value of 130 ng/L.. The dual-channel time-series optimization control
strategy proposed in this work resolves the issue of excessive processing time associated with tradition-
al serial pretreatment and combined analysis modes, increases the throughput of online GC-MS anal-
ysis, and provides valuable technical support for high-frequency tracking and continuous early warn-
ing of sudden composite pollution in complex water bodies.

Key words: water quality monitoring; time-series optimized control strategy; volatile organic com-

pounds; semi-volatile organic compounds; online gas chromatography—mass spectrometry analysis
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Fig. 1 Schematic diagram of the dual-channel online sampling device
green, light blue, and gray represent gas, water, and system control paths, respectively; ‘a’ is a standard sample bottle, ‘b’ is an internal
standard substance bottle, and ‘c’ is a pure water bottle (48, KI5 HFIRHE . AKEEFNRGAEHERAR; a APRUERENIR, b
HNFRIIR, o Rk
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Fig. 2 Schematic diagrams of analysis process for VOCs(A) and SVOCs(B)
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Table 1  Comparison of response intensity of target substance enrichment between two preprocessing techniques

. Area peak . L . i .
Concentration Component SPME P&T Boiling point/C Henry coefficient/(atm+m?+mol™, 25 °C)
Benzene 2510.2 338 120. 8 80 5.55%107
Ethylbenzene 19 547.3 399 780. 2 136 7.20%107
10 pg/LL Naphthalene 62 691.7 81416.3 218 4.00x10™*
2-EDD 17011.4 ND 154 2. 80x107
2-EMD 17 220.5 ND 116 9.50x107

ND: not detected

2 AR AR S BRI PERE X L

Table 2 Comparison of detection performance of representative components under different operation modes

LOD RSD/%(n=7)
Component . Alone Unite
Alone Unite - -

Low High Low High

Benzene 0. 09 pg/L 0. 08 pg/LL 3.0 1.8 3.5 2.6
Ethylbenzene 0. 12 pg/LL 0. 10 pg/LL 2.7 2.2 2.2 1.9
Naphthalene 0. 11 pg/L 0. 13 pg/L 4.6 4.0 5.1 4.4
2-EDD 0. 13 ng/L 0. 12 ng/L 0.72 1.2 0.50 0. 65
2-EMD 0.23 ng/L 0. 25 ng/L 1.6 1.4 1.6 1.4

low concentration levels were 1 wg/L and 5 ng/L; high concentration levels were 20 pg/L and 100 ng/L
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Fig. 3 Operational timeline chart of dual-channel analysis cycle
A: traditional serial dual-channel analysis; B: dual-channel analysis for timing optimization
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Fig. 4 Variations in pretreated sample stability over time
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the peak numbers denoted were the same as those in Table 3
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#3 VOCsFISVOCs ST 7 1545
Table 3 The methodology results of VOCs and SVOCs analysis

No. Component L,/min r RSD/%(n=7) Recovery/% LODQ
(pg-L™")
1 Vinylchloride (5 2.4 ) 6. 020 0.998 8 8.1 101 90.9 99.8 0.11
2 1, 1-Dichloro-ethylen(1, 1- "4 Z%) 9.188 0.999 2 3.8 97.2  94.6 99.0 0.14
3 Dichloromethane ( — 4 %) 10. 169 0.999 1 4.3 99.2 100 101 0.13
4 trans-1, 2-Dichloroethylene(JX3X-1, 2- % M) 10. 772 0.998 8 3.7 107 103 99.3  0.09
5 1, 1-Dichloroethane(1, 1-—4Z%%) 11. 579 0.9999 2.3 109 95.6 98.2 0.10
6 2-Chloro-1, 3-butadiene(58 T ZH) 11.779 0.999 9 6.3 114 96.6 97.1 0.08
7 Fluorobenzene (Ji7E )" 12. 670 - - - - - -
8 2, 2-Dichloropropane(2, 2- &N %z) 12. 673 0.999 6 6.1 113 95.1 101 0. 06
9 cis-1, 2-Dichloroethene (-1, 2-—442.%%) 12. 675 0.9985 5.3 101 96.9 99.5 0.14
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No. Component t,/min P RSD/%(n=7) Recovery/% LODQ

(png-L™)

10 Bromochloromethane (724 F 4%) 13.097 0.998 8 7.0 112 103 99.3  0.15
11 Chloroform (5475) 13.225 0.9959 3.8 104 99.9 98.3  0.20
12 1, 1, 1-Trichloroethane(1, 1, 1-=%&Z%%) 13. 623 0.999 2 6.2 108 955 98.0 0.10
13 1, 1-Dichlor()pr{)pene( 1, 1-—5 W5 13.904 0.999 6 7.5 97.2 96.6 97.5 0.11
14 Carbon tetrachloride ( PU& {5 ) 13.914 0.998 3 3.9 95.6 941 99.2  0.09
15 Benzene (7)) 14. 283 0.999 7 3.5 102 941 98.6 0.08
16 1, 2-Dichloroethane(1, 2- "5 Z.%¢) 14. 287 0.999 8 6.3 105 99.4 98.5 0.04
17 Trichloroethylene ( =454 Z.%%) 15. 409 0.999 8 6.3 105 98.4 98.3 0.11
18 1, 2-Dichloropropane(1, 2-—4H%E) 15.795 0.9999 2.5 104 100 97.6  0.13
19 Dibromomethane ( 75 B 458 ) 15.999 0.999 7 5.8 110 97.6 99.1  0.19
20 4-Bromofluorobenzene (4-TF A )" 16. 000 - - - - - -
21 Bromodichloromethane (—J& -4 F ¢ ) 16.234 0.999 8 4.8 102 101 97.8 0.09
22 cis-1, 3-Dichloropropene(JIi-1, 3- 5 H%5) 17.011 0.999 8 4.9 111 98.1 96.2  0.09
23 Toluene( H %) 17. 639 0.999 0 10 110 103 95.4  0.09
24 trans-1, 3-Dichloropropene(JZ-1, 3- 5N i) 17.951 0.999 4 3.1 112 98.3 100 0.08
25 1, 1, 2-Trichloroethane(1, 1, 2-=4Z%%) 18. 304 0.998 0 4.8 112 102 100 0.19
26 1, 3-Dichloropropane(1, 3- "4 F%t) 18. 632 0.998 4 3.0 113 98.3 99.6 0.05
27 Tetrachloroethylene ( PU% 2.4 ) 18. 677 0.9989 5.2 112 96.2 97.7 0.07
28 Dibromochloromethane ( —- %48 H1 5% ) 19.010 0.999 3 4.3 100 98.5 981 0.10
29 1, 2-Dibromoethane(1, 2-—JRZ%¢) 19.314 0.998 1 2.9 103 101 99.0 0.18
30 Chlorobenzene (547K) 20.215 0.998 4 2.9 112 101 99.7 0.13
31 1, 1, 1, 2-Tetrachloroethane(1, 1, 1, 2-PUZ%E)  20.347 0.998 5 2.7 97.6 98.2 98.9 0.15
32 Ethylbenzene(Z, %) 20. 363 0.998 5 2.2 106 101 99.3  0.10

33/34 m-Xylene/p-Xylene([i], Xf-—H ) 20. 567 0.999 5 4.4 101 103 99.5  0.06
35 o-Xylene(4B-—H %) 21.318 0.999 6 8.0 110 97.2 99.9  0.06
36 Styrene (K ) 21. 380 0.999 5 2.6 113 88.8 100  0.04
37 Bromoform (7R1)5) 21.732 0.999 1 10 110 102 95.6 0.10
38 Cumene (5FN) 21.983 0.998 6 4.4 100 95.1 99.0 0.06
39 1, 1, 2, 2-Tetrachloroethane(1, 1, 2, 2-PUSHZ%¢) 22.483 0.9982 5.1 103 94.2 103 0.08
40 1, 2, 3-Trichloropropane(1, 2, 3-=%Nkt) 22. 640 0.999 1 5.0 108 97.3 98.9 0.11
41 Bromobenzene (Ji4%) 22. 652 0.999 9 3.3 112 101 99.5  0.09
42 Propylbenzol (IE %) 22.759 0.999 2 2.9 114 99.7 99.3  0.07
43 2-Chlorotoluene (2-5 1 7% ) 22.989 0.999 4 7.0 109 945 99.0 0.08
44 Mesitylene(1, 3, 5-=FH L) 23. 064 0.998 6 4.3 110 96.6 96.4 0.06
45 4-Chlorotoluene (4-58 F %) 23.173 0.999 5 2.5 97.2 954 97.2  0.05
46 tert-Butylbenzene GEU T 3£5%) 23.700 0.999 4 6.1 99.6 93.3 105  0.06
47 1, 2, 4-Trimethylbenzene(1, 2, 4-=HI}EZ) 23. 800 0.999 4 2.6 97.6 98.7 99.0 0.08
48 Benzene, sec-butyl (ffi T 3:24) 24. 124 0.9989 6.4 101 95.0 98.2 0.06
49 1, 3-Dichlorobenzene(1, 3-ZZ4#) 24. 405 0.999 6 4.2 111 98.8 97.8 0.08
50 1, 4-Dichlorobenzene(1, 4-—4(#) 24. 566 0.999 8 2.9 103 101 99.2  0.06
51 p-Cymene (4-5 N FHEH %) 25.160 0.999 4 6.6 103 94.8 101 0.06
52 Butylbenzene (1E T 3% ) 25.166 0.999 2 3.2 106 99.4 95.0 0.06
53 1, 4—|)ich10r0benzene—l)4( 1, 4—:%—{2'&—1)4)* 25.263 - - - - - -
54 1, 2-Dichlorobenzene(1, 2-"4(#) 25.309 0.999 8 4.0 104 98.2 97.6 0.07
55 1, 2-Dibr()m0-3-(:hlor0pr0pane( 1, 2-R-3-E Ak 26.781 0.998 9 12 112 98.3 98.2 0.26
56 1, 2, 4-Trichlorobenzene(1, 2, 4-=%{7) 28. 380 0.999 2 3.7 97.6 100 96.3 0.12
57 Hexachloro-1, 3-butadiene(7SE T —44) 28.692 0.999 4 7.2 96.0 94.4 98.3 0.13
58 Naphthalene (Z%) 28. 896 0.998 7 5.1 109  94.0 98.6 0.13
59 1, 2, 3-Trichlorobenzene(1, 2, 3-=%%) 29. 354 0.997 8 4.2 112 97.3 96.4 0.07
60 cts-2-Ethyl-4-methyl-1, 3-dioxolane 18. 888 0.9990 1.6 105 101 98.1 0.25

(i 2- 2,9 -4-F -1, 3-450U%8)
61 trans-2-Ethyl-4-methyl-1, 3-dioxolane 19. 170 0.999 8 1.1 102 99.7 102 0.18
(N 2-2H-4-F -1, 3-Z5U%H)
62 2-Ethyl-5, 5-dimethyl-1, 3-dioxane 22.265 0.998 1 0.51 99.3  99.5 98.1 0.12
(2-2.38-5, 5-HIFE-1, 3-SR BE)
63 2-Methylisopropanol ( 2- H 5 3 i ) 24.789 0.999 2 0.99 108 101 99.3  0.16
64 2-Methoxy-3-isobutyl pyrazine 25. 844 - - - - - -
(2-5 T BE-3-FH A LM ) (N

65 Geosmin( R %) 30. 003 0.9979 1.3 97.6 99.9 97.3  0.21

*internal standard substance
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