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Combined Method for Multi-residual Analysis of
Haloacetic Acids and Haloacetonitriles

Byung-seok Yoon, Yong-yeon Kim, Paul-jene Chung', and Jae-won Choi'

Water Analysis & Research Center, Korea Water Resources Corporation, Dagjon, Korea
IDivision of Environmental & Chemical Engineering, Chonbuk National University, Jeonju, Korea

A combined pretreatment method of drinking water sample by solvent extraction, methyl derivatization and
gas chromatography-electron capture detector (GC-ECD) method with single capillary column was applied for
the multi-residual analysis of 19 disinfection byproducts (DBPs) including haloacetic acids (HAAS), hao-
acetonitriles (HANS) and the related compounds. HANSs, such as dibromoacetonitrile (DBAN), dichloro-
acetonitrile (DCAN), trichloracetonitrile (TCAN), bromochloroacetonitrile (BCAN), 1,2-dibromo-3-chloro-
propane (DBCP), 1,1-dichloropropanone (1,1-DCP), 1,1,1-trichloropropanone (1,1,1-TCP), chloropicrin (CP)
and ethylenedibromide (EDB) were not transformed the retention time and mass spectrum under the methyl
derivatization procedure used for HAAs. Methyl derivatized chloral hydrate (CH) was identified by mass spec-
trometer. Retention time of this compound was shifted from 7.2 min to 22.5 min. The recovery and RSDs of
spiked samples with 2 pg/L were in the ranges of 86~104 % and 1.5~12.2 % for HAAs, and 96~112 % and
2.3~9.9 % for HANS, respectively. The results from the repeated measurements showed that the detection lim-
its of the method (MDLs) were 0.08~4.60 ug/L for HAAS, and 0.18~1.08 pg/L for HANs and the related com-
pounds. This unified method would be effective to reduce the cost and time for the pretreatment of sample and
for the instrumental analysis for the target DBP compounds.

Key words: Disinfection byproducts (DBPs), Haloacetic acids, Haloacetonitriles, Chloral hydrate, Deriva
tization, Multi-residua analysis
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Table 1. Chemical formula and molecular weights of the target disinfection byproducts

DBP group Individual DBPs Chemical Formula Molecular weight
MCAA CH,CICOOH 93.982
methyl chloroacetate C;H;Cl1O, 107.998
DCAA CHCL,COOH 127.943
methyl dichloroacetate C;H,Cl1,0, 141.959
TCAA CCl,COOH 161.904
methyl trichloroacetate C;H,Cl130, 175.920
BCAA CHBrCICOOH 169.892
methyl bromochloroacetate C;H,BrClO, 185.908
HAAS® BDCAA CBrCL,COOH 205.853
methyl bromodichloroacetate C;H,3BrCl1,0, 219.869
DBCAA CBr,CICOOH 249.803
methyl chlorodibromoacetate C;H;Br,Cl0, 263.819
MBAA CH,BrCOOH 137.932
methyl bromoacetate C;H;BrO, 151.947
DBAA CHBr,COOH 215.842
methyl dibromoacetate C;H,Br,0, 229.858
TCAA CBr,COOH 161.904
methyl trichloroacetate C;H,4Cl1,0, 175.920
TCAN CCL,C=N 144.39
DCAN CHCLC=N 109.94
HANs BCAN CHBrCIC=N 164.89
DBAN CHBr,C=N 198.86
CH CCl,CH(OH), 165.42
. Cp CCL,NO, 164.38
M‘S%eﬁ;nseous EDB C,H,Br, 187.86
DBCP C;H;Br,Cl 236.36
1,1-DCP C;H,CL,0 126.97

* Methyl derivatized formula and molecular weights for HAAs are listed.
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Fig. 1. Chemical structures of the target disinfection byproducts.
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Treated water

(40 mL)
H,SO, 2 mL (pH 0.5)
Copper sulfate pentahydrate 2 g
Sodium thiosulfate, anhyrous 16 g
MTBE 5 mL

Extraction (Shaking for 5 min)

4 mL MTBE
separation

(15 conical tube)

10% H,SO,/MeOH 1 mL

Methylation
(2 Hr reaction in
50°C)

Sodium bicarbonate saturated solution 4 mL

E min shaking(hand]

1 mL MTBE
separation
(2 mL A/S vial)

Settling

Sodium thiosulfate, anhyrous 1 g

GC-ECD analysis

Fig. 2. Suggested extraction procedures for HAAs, HANs
and related DBPs

detector, ECD)S A28} 7t~a 2 ntE 12 2 (HP6890,
Agilent, USA)°l™, GCell 425k 7Mdde] Zd2
Agilent Ak¢] HP-5(CA, USA)E ALg319c A9 2
ol 30 m, W3 0.32 mm id, 28 F7AE 025

Table 2. GC-ECD and GC-MS conditions for peak separa-
tion and identification of the target disinfection
byproducts

Condition for GC-ECD (Agilent 6890, USA)

GC capillary column

: HP-5, 30 m x 0.32 mm id., 0.25 um film thickness

Ramp of oven temp.

- Injection port temp.: 250°C

- Temp. program : 35°C (7 min) — 1.5°C/min — 47°C —
6.5 °C/min — 100°C — 15°C/min — 180°C

- Injection mode : Splitless mode

- Carrier gas : Nitrogen 1.0 mL/min with constant flow

Condition for GC-MS (Varian CP 3800 GC - 320MS, USA)

50 uA - Transfer line temp.: 240°C
- Detector voltage : 1.45 kV
- Scan range : 40~300

- Ionizing current :
- Ionizing energy : 70 V
-Ion source temp.: 240°C
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Fig. 3. Identification of derivatized-chloral hydrate by
high-resolution mass spectrometer
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14% cyanopropylenephenyl methyl silicone Z & 2]
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Table 3. Summary of the method validation for calibration linearities, recoveries, method detection limits and practical

quantification limits

RT Linearity Precison  Accuracy MDL PQL
No. Compound  (\py) ) RSD (%) %) (ng/L) (ug/L)
1 TCAN 6.06 0.997 4.9 102 0.44 2.20
2 DCAN 7.44 0.998 3.1 96 0.24 1.19
3 1,1-DCP 8.07 0.998 3.8 101 0.28 141
4 MCAA 9.57 0.999 6.7 103 1.34 6.72
5 CP 10.58 0.999 8.0 98 0.59 2.93
6 EDB 12.07 0.999 2.3 101 0.18 0.88
7 BCAN 12.85 0.998 45 110 0.37 1.85
8 MBAA 13.91 0.997 24 100 0.32 1.56
9 DCAA 14.86 0.995 15 102 0.35 1.74
10 DBAN 19.18 0.997 9.7 101 0.73 3.67
11 1,1,1-TCP 19.38 0.999 9.9 98 1.08 5.40
12 TCAA 19.56 0.999 1.2 97 0.08 0.42
13 BCAA 19.66 0.990 4.3 104 0.74 3.70
14 CH 22.49 0.994 9.6 112 0.81 4.03
15 DBAA 22.93 0.996 12.2 103 2.26 11.29
16 BDCAA 23.28 0.999 3.6 99 0.64 3.18
17 DBCP 25.48 0.999 3.9 105 0.30 1.52
18 CDBAA 25.93 0.999 7.3 88 2.92 14.60
19 TBAA 27.79 0.998 6.1 86 4.60 23.01
% MDL: Method Detection Limit, PQL : Practical Quantitaion Limit.
¥ MDL: SD =t =SD *3.14, (n=10, 1-a=0.99), PQL : MDL * 5.
140
z g
g : i
[ m [a)
z o o
1 9 .
Iz} =% o
F " g ]
100 1 G S 5 z ;]
o [&]
Sy .5 @ 85 £ g
oo n U@ = o m g
i h w n 592 g &
L) h :
50 A Ao At h JL da A
T T T T T T T T T T T T T T T T T
5 10 15 20 25

Fig. 4. ECD chromatograms of the target DBPs on HP-5 capillary column.
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