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Abstract: This study explores the means by which MX can be effectively extracted from chlorinated water
3-Chloro-4-(dichloromethyl)-5-hydroxy-2(SH)-furanone (MX), a potent mutagen commonly found in chlorinated
drinking water at concentrations of up to a few hundred ng/L, was quantitatively determined using sample enrichment
followed by liquid-liquid extraction (LLE), derivatization to methylated form, and analysis with GC-MS. A 4-L
water sample was enriched to a concentration of 0.4 L using a vacuum rotary evaporator at 30 °C. MX in the water
was extracted using ethyl acetate (100 mL x 2) as a solvent and MX in the extract was methylated with 10 %
H,SO4 in methanol. MX was recovered at a rate of 73.8 %, which was higher than that (38.1 %) for the resin
adsorption method. The limit of quantification and repeatability (as relative standard deviation) were estimated to
be 10 ng/L and 2.2 %, respectively. This result suggested that LLE can be used for the determination of MX in
chlorinated water as an alternative to more time-consuming resin adsorption method.
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Fig. 1. A gas chromatogram of mucobromic acid (MBA) and
3-chloro-4-(dichloromethyl)-5-hydroxy-5 H-furan-2-one
(MX). The mass spectrometer was operated in SIM
mode.
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Table 1. Comparison of resin adsorption and liquid-liquid
extraction for the extraction of MX from water

Resin Liquid-liquid

adsorption  extraction
Recovery (%) 38.1 73.8
RSD (%)” 49 2.2
Method detection limit (ng/L) 4.2 3.1
Limit of quantification (ng/L) 14 10
Total analysis time (h) ~98 ~10
Sample volume (L) 20 4

dAverage of seven replicate measurements for 30 ng/L.
YRelative standard deviation of seven replicate measurements for

30 ng/L.

y=0.0092x + 0.073
#=0.9974

MX area/MBA area
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Fig. 2. A calibration curve for quantitative determination of
MX in chlorinated water following liquid-liquid
extraction. The MX concentration was plotted
against the ratio of MX area and MBA area.
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Fig. 3. Comparison of area counts for MBA and MX in gas
chromatograms between 5% sulfuric acid in MeOH
and 10% sulfuric acid in MeOH as derivatizing
agents for methylation.
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Table 2. Concentrations of MX in treated water and tap water

samples?
Concentration MX
Sample type Sample ID (ng/L)
Trt 1 90.6
Treated water Tet 2 36.0
Averaget SD 63.0+£38.2
Tap 1-1 30.0
Tap 1-2 19.0
Tap 1-3 14.3
Tap 2-1 12.9
Tap water Tap 2-2 13.2
Tap 2-3 14.1
Tap 3-1 19.2
Tap 3-2 19.3
Tap 3-3 18.4
Averaget+ SD 18.9£0.6

9Each of treated samples (Trt 1 and Tit 2) was collected from two
water treatment plants in Chuncheon, and nine tap water samples
were collected from Chuncheon, Hongcheon, and Wonju (three
from each region), Kangwon-do.
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