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OF : MX [3-chloro-4(dichloromethyl)-5-hydroxy-2(5H)-furanone]= Fx&2 452 98] #7134
9} 7Y {UEC] gty A= AHS WHoldAd EZolty. B =RoAE GOMSE
Q o %
<) T

=A38} AleFQl 2% #4F-methanol, iso-propanol, sec-butanol, n-butanolS ©]-8-3}o] MXQ]

FEAZ}E vlwsgon, o]&3 WOz EI 9 NCIZ ®lwdt 23, NCI WHoM AE A
7F 125 pg& 2 EI ol A = 25 pgol 9127, 25~2500 pg M AN A A4S e e

Abstract : AMX is one of extremely high mutagenic compound produced from the reaction of the chlorine

and the organic compound during the disinfection of tap water. In this paper, the chemical derivatization of

MX with 2% sulfuric acid-methanol, iso-propanol, sec-butanol and n-butanol derivatives for the GC/MS analysis

were tested or compared. Limit of detection for the EI and NCI mode were 25 pg and 1.25 pg, respectively.

The good linear calibration curve was obtained the range of 25~2500 pg by EI and NCI
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Fig. 1. Chemical structures of MX and E-MX.
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2.1. A 2 M=
MX (3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)
—furanone) (Sigma St. Louis, USA)= o€ o}AH| o] Ed]|
=] 10 ggmL FF 8HL 23T ©]E GAH L
2 old opAHo|ER B Aste] AR S 913 &
T 89E Az
FE=A3} A|2FC 2 methanol (Aldrich Chemical Co,
MILWAUKEE WI, USA), iso-propanol (Sigma Chemical
Co, Louis, USA), sec-butanol, n-butanol (Aldrich
Chemical Co, MILWAUKEE WI, USA)°l z}z} 84 2
mLE ol AA F37} 100 mLEA 5] AHEEIA
ok Z38l7) 93] SAFAUEE 2 g 33 TH
Yol 100 mLE ¥HEo] ARSIt R EEEEL
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MBA (mucobromic acid) (Aldrich Chemical Co,
MILWAUKEE WI, USA)E Al83l9d0w, d2)7} 2
£ WatersA} (Massachusetts, USA)ol|A] 7+ Sep—Pak@’
AES T ALESAT.

2.2. GC/MS

714 AzvtEad T A gRA )= AgilentAle] HP
6890 A|2|= 7|4 A ZrlE 189} HP 5973 AFEA
7] (Palo Alto, CA, USA)E AH&-3}99t}. ZHL& Zo] 30
m, A% 025 mm, film F7 025 mm¢ DB-1
(Dimethylpolysiloxane) A& S A1, &
4 NAE 4F 7IAZN 5% 12 mLmino|Q1oH, F
WHe BIES F9) S ARSIt A7 H Y
m/z 30~3002 AL, Addole AW
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Z A3 oy gatalel BEo] X3kE Fejol
2 azveEady 9 AsHXE 3FA4 fA B
24 424E& Yed 302 Al E o] MBA7F AEE A
o} SIM A& g 540222+ EloAE miz 79
9} 81, NCIE m/z 239, 241, 2430] ALEAT}:. AHY
LZw 35 ColA 28 #HEA 33 120 T7A= 129
20 T4 220 C7HAI= 123 6 CTH 300 T7HA 1&F
25 CH g2a sEE¢ HEA stk FYT Lx=
220 T2 3t¥th o299 &%+ EIClA 230 T, NCI
+ 120 CZ 3Ha 714 o] Ak HR/tAE AMS-
3t ol#dt AE & Table 19 FE34Th
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Table 1. The operation parameters of GC/MS

Column : DB-1 (dimethylpolysiloxane capillary column
30 m x 025 mm x 0.25 pm)

Carrier gas : He

Flow rate : 1.2 mL/min

Injection mode : splitless

Injection volumn : 1 pL

Acquisition mode : SIM/Scan

Injection port temperature : 220 C

Oven temperature program : 35 C (2 min) — 120 C
(at 20 C/min) — 220 C (at 6 C/min)
— 300 C (at 25 C/min)

Mass range : m/z 30 ~ 300

Selected ion : m/z 199, 201, 203 (EI), m/z 35, 37 (NCI)

Ton source temperature : 230 ‘C(EI), 120 C(NCI)

ITonization mode : electron impact (70 eV)

negative chemical ionization (Reagent gas : methane)
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R = methyl, iso-propyl, sec-butyl, n-butyl

Fig. 2. Derivatization process of MX.
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-—

o HS0-iso-propanaol (1 ml)
MBA (LS.

|1)vt'i\'nlimli(m (85°C, 1hr) ]

|’r Hexane (ImL*4), 2% NaHCO; (2 mL) l

Shaking (5min > 4)

|(_‘.t|n|.‘L'11ll'allinll to 0.5 mL |

Sep-Pak

4—Conditionning with n-hexane

{2 mL)
= Sample loading 0.5 mL
*+= Was

with a-hexane {1 mL) and

n-hexanesethyl acetated7:1) (1 mlL)

4=Elution with n-hexaneiethyl acetate{7:1) (4 ml.)

| Concentration to 0.2 mL ‘

!

Injection to GC/MS

Fig. 3. Schematic diagram for the standard sample
preparation procedure.
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Fig. 4. GC/MS chromatograms for MX derivatized with
various alcohols using scan mode ; (a) methyl-MX
(10.82 min), (b) iso-propyl-MX (12.67 min), (c)

sec-butyl-MX (1432 and 1448 min), (d)
n-butyl-MX (15.06 min).
CLHC.  Cl CLHC.  CI
(R,R) (R,S)
ClHC cl ClHC cl
\/?\o ; 0 \/?\o“" ; 0
(S,R) (S,9)

Fig. 5. Diasteroisomer structures for the MX derivatized
with sec-butanol.
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Fig. 6. EI mass spectra for the MX derivatized with various
alcohols : (a) methyl-MX, (b) iso-propyl-MX,
(c) sec-butyl-MX, (d) n-butyl-MX.
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various alcohols :

(a) ethyl-MX, (b) iso-propyl-MX,

(c) sec-butyl-MX, (d) n-butyl-MX

T =i
9 92 Fage

2 §5A43813 [M-alkoxy group]®] &

FhARJA A7IE Blagt A9, f=



226 freopr -k

k1

I

=A3e A Fol iso-propyl- MX F=A2 EZ <
2AEAQ mz 199, 201, 2039] A717F 7P & Aew
U, g8 2Y 43252 FEA3E MXE v

g3ld MXEt= A7I7 B & A2 YETth

2 %

Cl ¢l
e o fragmentation [M-ORT"  (m/z 199, 201, 203)
R o o [M-CHCL,]* (m/z 147; R=methyl)

Derivatizated - MX
MW. 229 (R=methyl)

MW. 258 (R=iso-propyl)

MW. 272 (R=sec-butyl, n-butyl)

Fig. 8. EI fragmentation scheme for the derivatized MX
with various alcohols.
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Fig. 9. SIM chromatograms for MX with GC/NCI-MS
(upper) and GC/EI-MS (lower).

Table 2. Selected ion groups and limit of detection
(LOD) of GC/MS for MX derivatized with
iso-propanol.

Selective Limitof
ion(m/z) Detection
NC1 12.67 35.37 1.25 pg

199,201,203 25 pg

25~2500 pgE Aol GC/EI-MS (SIM)¥ ¥ =
GC/NCI-MS  (SIMHelA Uehd MX9F 5490
MBAS] HAHIZRE] 74 338 25 Fg 100 etk

y =0.0007x - 0.0177
R2=0.9792
g 2 2
515
3
g
<05
[
0 1000 2000 3000
@ Amountof MX (pg)
y =0.0038x - 0.186
2
10 0.9897
=}
]
= 6
<
24 .
&
2
o T T T T
0 500 1000 1500 2000 2500 3000
Amount of MX (pg)

Fig. 10. Calibration curves (25~2500 pg) for iso-propanol
derivatized MX with GC/NCI-MS (a) and GC/EI-MS (b).
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