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Development of a Highly Sensitive Method for Analysis of Haloacetaldehydes
and Haloacetones in Tap Water by PTV-GC/MS Methods

Tatsuhiko KAWAMOTO™, Miho YANO, Hiroko MORITA and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

During the water purification process, disinfection by-products, such as haloacetaldehydes and haloacetones
are formed by ozone or chlorination. The sensitive analytical method for 4 haloacetaldehydes and 6 haloacetones
in tap water was developed by programmable temperature vaporization (PTV)-GC/MS. Aqueous
haloacetaldehydes and haloacetones were extracted with MTBE after acidifying with H2SO4. These extracts
were analyzed by PTV-GC/MS. The quantitation limits of haloacetaldehydes and haloacetones by using these
methods were 0.05-0.1ng/L and 0.05pg/L, respectively. Furthermore, we conducted a water-quality test using this
method for 15 water samples collected from 15 monitoring points in the Hyogo Prefecture. Haloacetaldehydes and
haloacetones were detected at the level of ND-11.0pug/L and ND-1.7pg/L, respectively.
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Fig. 1 Chemical structure of 1,1,1-trichloroacetone
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Table 1 GC/MS operation conditions

GC/MS : TSQ Quantum GC (Termo Fisher Scientific co., 1td.)
Column : Vocol (I.D. 0.25mm, Length 30m, Phase thickness 1.5um)
He (1mL/min)

PTV: 40°C (2min) — 10°C/min — 280°C (10min)

Oven temp. : 40°C (5min) — 5C/min — 220°C

Injection volume : 5pL
Mode : Full scan, SIM
Tonization energy : 70eV
Source temp. : 185 °C

Carrier Gas :

Tonization current : 150 pA
Interface temp. : 280 C

Table 2 Monitor ion of haloaldehydes and haloacetones

No. Compounds Monitor ion (m/z)
1  chloroacetaldehyde 50 78 80
2  dichloroacetaldehyde 83 84 112
3  chloroacetone 77 78 92
4 trichloroacetaldehyde 82 111 119
5 1,1-dichloroacetone 63 83 91
6  bromoacetone 93 136 138
7  1,1,1-trichloroacetone 97 119 125
8 1,3-dichloroacetone 77 126 128
9 1,1,3-trichloroacetone 77 79 83

10 tribromoacetaldehyde 173 175 254




Sample (50mL) ‘

<residual chlorine removal (0.3% sodium thiosulfate)
—dilute sulfulic acid (3.2mL)
«—sodium chloride (20g)

Solvent phase extraction
(MTBE: 3, 2mL)

[ Organic layer (MTBE) |

| Dehydration ‘

anhydrous sodium sulfate

| GC/MS(SIM) \

Fig. 2 Analytical procedures for haloaldehydes and
haloacetones
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Fig. 3 Total ion chromatogram of haloacetaldehydes
and haloacetones
Haloacetaldehydes and haloacetones: 1mg/L
D chloroacetaldehyde (@ dichloroacetaldehyde
@ chloroacetone @ trichloroacetaldehyde
® 1,1-dichloroacetone  ® bromoacetone
@ 1,1,1-trichloroacetone ® 1,3-dichloroacetone
@ 1,1,3-trichloroacetone tribromoacetaldehyde

Table 3 Retetion time, regression equation, correlation
coefficient(r), limit of quantitation(LOQ) of
haloaldehydes and haloacetones

R.T. Regression LO
No. Compounds (min) eqiation* (pg/%

1 chloroacetaldehyde 6.97 y=359996x  0.994 0.1
2 dichloroacetaldehyde  9.46 y=139299x  0.994  0.05
3 chloroacetone 12.12 y=100722x  0.998  0.05
4 trichloroacetaldehyde 12.76 y=259992x  0.993  0.05
5 1,1-dichloroacetone 14.03 y=100031x  0.999 0.05
6 bromoacetone 16.28 y=193999x  0.999 0.05
7 1,1,1-trichloroacetone 19.08 y=122997x  1.000 0.05
8 1,3-dichloroacetone 21.89 y=599962x  1.000 0.05
9 1,1,3-trichloroacetone 25.07 y=544999x  1.000  0.05
10 tribromoacetaldehyde 27.38 y=109023x 0.999  0.05

*: Conc. 0.05—20.0pg/L
(9points: 0, 0.05, 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0pg/L)
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Fig. 4 Mass spectrum of haloacetaldehydes
1mg/L
Lower panel: dichloroacetaldehyde, 1mg/L

Upper panel: chloroacetaldehyde,
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Table 4 Recoveries of haloaldehydes and haloacetones

in tap water

No. Compounds Spiked(ug/) R(%) CV(%)
1 chloroacetaldehyde 0.1 50.2 4.4
2 dichloroacetaldehyde 0.1 80.1 3.9
3 chloroacetone 0.1 97.3 2.9
4 trichloroacetaldehyde 0.1 103.0 3.0
5 1,1-dichloroacetone 0.1 98.5 4.0
6  bromoacetone 0.1 84.0 3.9
7  1,1,1-trichloroacetone 0.1 99.2 3.0
8 1,3-dichloroacetone 0.1 100.0 3.6
9 1,1,3-trichloroacetone 0.1 100.0 3.8
10 tribromoacetaldehyde 0.1 99.2 2.8

(n=5)
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Table 5 Concentration of haloaldehydes and

haloacetones in tap water

Concentration (ng/L)

No. Compounds -
Min. Max.
1 chloroacetaldehyde N.D. 14
2 dichloroacetaldehyde N.D. 0.8
3 chloroacetone N.D. 1.7
4 trichloroacetaldehyde N.D. 11.0
5 1,1-dichloroacetone N.D. 0.4
6  bromoacetone N.D. 0.2
7 1,1,1-trichloroacetone N.D. 0.4
8 1,3-dichloroacetone N.D. N.D.
9 1,1,3-trichloroacetone N.D. N.D.
10 tribromoacetaldehyde N.D. 0.1
100 3 o
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Fig. 5 Mass spectrum of 1,1,1-trichloroacetone

Upper panel: mass spectrum of order-causing sample
Lower panel: mass spectrum of 1,1,1-trichloroacetone
standard solution (50pg/L)
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