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Abstract In recent years, nitrogenous disinfection by-products ( DBPs) have attracted widespread attention in the detection and
control of drinking water due to their high toxicity. In this paper, relying on a multi-functional automatic sample pretreatment platform,
the technical parameters affecting the efficiency of automatic liquid-liquid extraction were optimized. A method for simultaneous
determination of six haloacetonitriles and six halonitromethanes in drinking water by automatic liquid-liquid extraction-gas
chromatography-mass spectrometry was developed. 10 mL water sample was subjected to liquid-liquid extraction under the conditions of
pH value=2, adding 1.0 g of anhydrous sodium sulfate, 1 mL of methyl tert-butyl ether, stirring speed of 600 r/min, and stirring time
of 5 min. It was determined by gas chromatography-mass spectrometry after extraction. The results showed that the 12 target
disinfection by-products had a good linear relationship within a certain concentration range, and the correlation coefficients were all
greater than 0. 999. The lower limit of the method was 0. 10~0. 30 pg/L, and the detection limit was 0. 02~0. 10 pg/L. The recovery
rate of standard addition was 73. 2% ~ 117. 8%, and the precision was 0. 1% ~8. 9%. The method realizes the whole-process automated

sample measurement, has the advantages of high efficiency, simplicity and low environmental impact. It is suitable for high throughput
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Fig. 1 Schematic Diagram of the Operation of Automated Liquid-Liquid Extraction-Gas Chromatography-Mass Spectrometry
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Fig.2 Standard Selection lon Chromatogram
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Tab. 1 Retention Time, Quantitative lon and Qualitative
on of 12 Target DBPs

) EE7N4 ﬁéa’i EEET  ENET
&Y Bif 18] /min (m/z) (m/z)
1 TCAN 7.515 108 110, 82
2 CAN 7.595 48 75, 50
3 DCAN 9.070 74 82, 84
4 CNM 9.385 49 51, 46
5 DCNM 10. 100 83 85, 87
6 BAN 10. 605 119 121, 81
7 TCNM 10. 975 117 119, 121
8 BNM 12. 365 93 95, 79
9 BCAN 12. 605 74 76, 120
10 BCNM 13. 620 129 127, 137
11 DBAN 16.325 118 120, 199
12 DBNM 16. 755 173 171, 175
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Fig.3 Effect of pH Value on Recovery Rate of 12 Target DBPs
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2 BiEFEEL 3 R 600 r/min B £ERT [E] A 5 min §4F
LA 0.5.1.0.2.0.3.0.4.0 g TC/KERER M
SFHNFRBT A E N 5 we/L B4l K K BE AT 11
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Fig. 4  Effect of Anhydrous Sodium Sulfate Input on Recovery Rate of 12 Target DBPs
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Fig.5 Effect of Stirring Speed on Recovery Rate of 12 Target DBPs
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Fig. 6 Effect of Stirring Time on Recovery Rate of 12 Target DBPs
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Tab.2 Standard Curves, Linear Range, Lower Limits of Detection and Detection Limits of 12 Target DBPs

Hirfb a4 bl 25 LSS MR/ (pg- L™ ME T/ (pgL™") BB/ (pg-L™)
TCAN y=5 111x-1 565 0.999 7 1.0~100.0 0.10 0.02
CAN y=20 571x—6 123 0.999 6 1.0~100.0 0.10 0. 02
DCAN y=4 712x—1 393 0.999 6 1.0~100.0 0.10 0.03
CNM y=3 645x-2 951 0.999 2 1.0~100.0 0.10 0.03
DCNM y=3003x—-1 173 0.999 7 1.0~100.0 0.10 0.03
BAN y=3 891x-3 876 0.999 6 1.0~100.0 0.10 0.03
TCNM y=1703x—1 528 0.999 6 1.0~100.0 0.10 0.03
BNM y=2 543x—1 569 0.999 7 1.0~100.0 0.10 0.03
BCAN y=1673x—865 0.999 6 3.0~100.0 0.30 0.10
BCNM y=1903x—1 886 0.999 9 1.0~100.0 0.10 0.03
DBAN y=2 176x-2 161 0.999 8 1.0~100.0 0.10 0.03
DBNM y=517x-1 105 0.999 1 3.0~100.0 0.30 0.10

B DR 56 (H A4 WK H DCAN  DCNM |, BCAN |
BCNM # DBAN HJAS KB 73 %14 0.3.0.2.1.1,0. 6
pe/L A 1.0 pe/L, HAx 7 FhRAGH) | Jindr 5 51
} 3 we/L 30 we/L, 25 UNZE 3 FioR, FE4liK,
TR 3 /L 0 IBCRN 73.8% ~ 117. 8% , K % &
F 3 IR AR 3

Tab.3 Recovery Rate and Precision of the Method

$0.3% ~3. 6% , k5 30 we/L BFHECE Hy 76. 0% ~
110. 8% G N 0. 1% ~8. 9% ; 7L MK 1, Jinbs
3 wg/L B RN 73.6% ~ 110. 0%, 45 5B E N
0.3%~4.1% , ikr 30 pg/L B BTN 73.2% ~
101. 0% , K5 % HEH 0. 1% ~2. 4%,

o afik BWIK
o 3 /L 30 pg/L 3 ne/L 30 pg/L

[l g % hi R [l g % i R [l g % i R [l g % i R
TCAN 79. 1% 2.3% 85.2% 0.1% 76. 4% 2.2% 73.2% 2.4%
CAN 74.3% 1.3% 76. 0% 0.9% 73. 6% 0.5% 79. 6% 0. 6%
DCAN 117. 8% 0.7% 94.5% 0.5% 103. 7% 2.5% 101. 0% 0.3%
CNM 81.2% 3.0% 86.7% 8.9% 81.6% 0.5% 80. 8% 0.5%
DCNM 104. 8% 1.1% 109. 5% 7.7% 107. 4% 0.7% 90. 5% 1.4%
BAN 73.8% 2.6% 76. 0% 3.1% 75. 1% 1.1% 77.5% 0.1%
TCNM 80. 9% 1.5% 110. 8% 7.4% 86. 1% 1.6% 83.5% 2.2%
BNM 85.2% 1.6% 91.8% 1.1% 93.7% 0. 4% 81.5% 0.7%
BCAN 89. 2% 2.9% 90. 8% 5.1% 110. 0% 0.3% 79.2% 1.3%
BCNM 92. 0% 0.3% 91.8% 4.7% 84. 4% 4.1% 87. 0% 0.9%
DBAN 89. 0% 1.6% 91.5% 3.5% 80. 6% 1.0% 89. 8% 1.8%
DBNM 84. 1% 3.6% 82.7% 1.4% 78.2% 0.8% 84.2% 1.9%

2.2.3  SERRAKEED

R 55 k3% A I 7 9 % S B 7K A& HANs il
HNMs (936 FPE B LT 8 ASK T By T 7K AT
I, 60 45 SR an ¢ 4 i, 6 B HANs 1, DCAN
BCAN H1 DBAN & £ W 3, A th JiT 42 ¥k FE 43 30l
0.27~1.11.0.32~0.73 pg/L #10.17~0.94 pg/L,
X 55 3CHR T H HANS #) BV FBI AL ; 6 Fft HNMss
% CNM 41, Higy 5 b HNMs Y948, 540 T80T

ZERTRAML

3

&t

ARSCISCHENE T 1 A AR 6 3
[ FRF IR 6 Fift 51 M 6 ol i AR 35 Y Ay A 0 7
B, REMRGGRWT
() PRAGHASE B SRR IA A, 10 mL KAETE
pH fl =2 # 1.0 g /KB A | mL MTBE 3
FEFEIEN 600 1/min BEFH 1K 5 min 9 4 FF T IR
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Tab.4 Determination Results of 12 Target DBPs in Actual Water Samples (Unit; pg/L)
(UES HAr4y K1 Kl 2 KIT3 K4 KI5 K176 KT k)8
HANs TCAN <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
CAN <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
DCAN 0.15 1.11 0.90 0.58 0. 46 0.27 0.71 <0.10
BAN <0.10 0.13 0.37 <0.10 <0.10 <0.10 <0.10 0.18
BCAN 0.54 0.41 0.32 0. 60 <0.30 0. 48 0. 48 0.73
DBAN 0.94 0.61 0.35 0.36 0.17 0.21 0.39 0.93
HNMs CNM <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
DCNM <0.10 <0.10 0.16 <0.10 0.18 0.16 <0.10 <0.10
TCNM <0.10 <0.10 <0.10 <0.10 0.23 0.24 <0.10 <0.10
BNM 0.14 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
BCNM 0.19 0.20 0.17 0.15 <0.10 <0.10 0.24 0.15
DBNM 0.34 <0. 30 <0.30 <0.30 <0.30 <0.30 0.31 <0.30
/%E'i{jtﬁﬁ;(ﬁﬁﬁo emerging disinfection by-products in drinking water; A review

(2)IZIT LA S R B r KT 0.999, ki i
FRA 0.02 ~0.10 pg/L, M T KR A 0.10 ~0.30
pe/L, FEAEKAF IR 3 we/L 130 pe/L T, B
RPN 73. 8% ~117. 8% F1 76. 0% ~ 110. 8% , K 5%
BE4Y A 0. 3% ~ 3. 6% F1 0. 1% ~ 8. 9% ; 1E45 P /K
oBAR 3 we/L F 30 we/L B (80 2R 4 1k
73. 6% ~110. 0%F1 73. 2% ~ 101. 0% , X5 5% & 43 91 Hy
0.3%~4. 1%H1 0. 1% ~2. 4%,

AN Ty 1 F AL R AR T B SR A B
AT PR, B2 5 T AR BURR DL R AR U 0D T
sty o DR A U 0 ol R o B A - O A
D) 4 R A PR M S TR O R A A Y
TR 2 A BRAIC, w6 /2 TR F K HANs Al
HNMs ##IF K, i 7k 47l HANs 1 HNMs
F R BRI SR T M T2
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