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

B kO

ol

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.
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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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1. Al 3 THE
MX (3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)
-furanone) (Sigma St. Louis, USA) & o€l olAjg|o] o
=] 10 pgfml ¥ §AE A28 o= BA%C.
2 ol olaElel=R SAls] Ak A4S Slg

z g9g Azslgt
H=A43 Aleke R methanol (Aldrich Chemical Co,
MILWAUKEE WI, USA), iso-propanol (Sigma Chemical
Co, Louis, USA), sec-butanol, (Aldrich
Chemical Co, MILWAUKEE WI, USA)ol| z}7} &4l 2
mLE ol A 737} 100 mLEA wHEo] A3
. F88] 8 BAFAIER2 g &3 3} 2R
gol 100 mLz RhEol AMgeloint iRzaEde

r-butanol
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GC/MS & °] &3 MX

MBA (mucobromic acid) (Aldrich Chemical Co,

MILWAUKEE WI, USA) 2 Algatgon Aajz) A

LS. WatersAl (Massachusetts, USA)o]A BHE Sep-Pak ®
F2 750 Agsar

2.2. GC/MS

714 AznlE g a/AsRA7)E AglentAle] HP
6890 Al&]= 714 ARmtE 2 9} HP 5973 A A
7] (Palo Alto, CA, USA)Z A4-31T) HAL 7o 30
m, A% 025 mm, film $7 025 m¢] DB-I
(Dimethylpolysiloxane) BA| ¢ HH-L AM-EI9L, ol
4 NAe dAF 7IAEA 45 12 mLmino|§lom, 5
o e vRE Y HE ARgsTh 2
mz  30~3002  AASla,  AElele 4
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gelgrt R EFEZQ MBA = MX ¢ fAKGE 2
= 73 glent dadale BEo] XEE FE o
2 FzneEdHdy 2 AZEAAY FAHANA FAR &
24 AAS Ve Ao R Alg H o] MBAZL AElE$]
o} SIM H&L 93 ENole oz EFloAE mwz 19
9} 81, NCE= m 239, 241, 2430] XelE|gc) A9

L
T

E

L 35 oA 28 HEA kL 120 Tr7AE 1
20 CH 20 CTAAE 15226 TA 300 CA 1B
25 CH ST sEE MET) Sdek R enE
220 C 2 sl o]e9e] £ ElofA] 230 €, NCI
T 120 T2 85aL 714 o] Aleke HE7kaE AR
stk ol2ldk A% 218 Table 19 $2381%0).

Table 1. The operation parameters of GC/MS

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

Carrier gas : He

Flow rate : 1.2 mL/min

Injection mode : splitless

Injection volumn : 1 1L

Acquisition mode : SIM/Scan

Injection port temperature : 220 C

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

Mass range : mfz 30 ~ 300

Selected ion : mjz 199, 201, 203 (ED), 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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49l F2et0] FEAIZL § GOMS = A8 TH Fig. 2).
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Fig. 2. Derivatization process of MX.
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ALg-he] wlmatdn. 2 4 3laL, o] hydroxyfuranse] %3} o] dAA] W
ol &AL Hrtshedl 719E Ao «dE.
MX STD 5 mL

<—  Dryness (N2 gas) (a)
- S Oi=is0= .
2% HxSOs~iso-propanol (1 mL)
v MBAGS) Abundance 10.82
|Derivatization (85°C, 1hr) | 30000
20000
10000 A
T X 507 O (0 . by o T r T T T T T T
In Hexane (lmL 4)' 2% NaHCO; (2 mL> | Time-->0 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00

v

Shaking (5min x4 (b)
12.67

Abundance
50000
40000
30000
20000
10000

|Concentration to 0.5 mlL |

Timd> 9,00 10.00 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00

with n-hexane (2 mL)
C
4= Sample loading 0.5 mL ( )

= Wash with #-hexane (1 mL) and Abundance

14.48
n-hexanetethyl acetate(7:1) (1 mL) 14.3
30000
T . - 25000
<“—Elution with n-hexanciethyl acetate(7:1) (4 mL) 20000
15000
2
. . . ek
Concentration to 0.2 mL | : 0 "79:00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Time-->
l (d
Injection to GC/MS|
Abundance 15.06
Fig. 3. Schematic diagram for the standard sample w000
preparation procedure. 20000

i A
Time-->0 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00

Fig. 4 GCMS chromatograms for MX derivatized with

3.1 REA dHHo| w2 Hlw various alcohols using scan mode ; (a) methyl-MX

FEAS e 3R S4S AT 24 (10.82 min), (b) iso-propyl-MX (12.67 min), (c)
oz okAT Y= wEo] JAazEnETYy A sec-butyl MX (1432 and 1448 min), (d)
o] -golalEE nrEolRE Ao M MXo|AE -OH 7| n-butyl-MX  (15.06 min).

= A s suldo] 5
o) o) ghaslo] Aot Huge] wobds] B e are o
oA T e A4S 5 Utk MXe] JIE frrAs L fL L FL
WPHl methanol & 0|48 FEAF T g 0" > 0 o g 0
o}5-8-¢] jso-propanol, sec-butanol, n-butanol = F=A)

(R,R) (R,S)

A7l AIRZ GCELMS2E GCNCIMSZE o8-8l
AT 23S Fig 4o YERISITE T7lelA M bl
o} o] Zt MX frAle] mFE AR fFEAsh Al
oFe] Aol it F7HRIAL, sec-HE|7F n-AE] R} CLHC_ CI CLHC_ CI

§37fjf}j—;/}f ?.;Li};tb;]WIo]iEﬁE e %Omo \/;\0““@0
: v AL dRlslHst, ol Fig 5o B

=

ofF0] 47)]¢] o] 47 A|Ql RR, RS, SR, S8 5] 2] S,R) (S,8)
9 A7 BaEE AL 4 4 Qo) o] = RiEolA Fig. 5. Diasteroisomer structures for the MX derivatized
AR e MK Al HAA 5 £l ol g withsec -butanol.
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Fig. 6. El 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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Fig. 7. NCI mass spectra for the MX derivatized with
various alcohols : (a) ethyl-MX, (b) iso-propyl-MX,
(c) sec-butyl-MX, (d) n-butyl-MX
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ZAFE A Fol| iso-propyl-MX fr=Ale] E4F el
Az=x0l mi 199, 201, 2039 A|7)7F A1 2 Aom
VERED, B2 R Y 43LER FEAGSMX = H

g3ty MXEOE A7)7F o & AR eyt

C
H- C C1 +
_ fragmentation [M-OR] (m/z 199, 201, 203)
-
RO Ny 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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S 20
o1& - e
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Abundance 11.81
—
1000004 MBA
90000
80000
70000’
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Time-0 8.00 9.00 10.00  11.00  12.00  13.00  14.00  15.00
Abundance TIC: 010727-6.D 13.08
14000;
12000:
10000: 12.57
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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
isp -propanol.

< “tive
ion(m/z) Detoctic
35,37 1.25 pg

199, 201, 203 25 pg

25~2500 pg WA GC/EI-MS (SIM) v 7}
GC/NCIMS - (SIM)HHollA] LheRd MX oF W2l
MBA 9] TAR| 28E] 77 A4S ZpPdsle] Fg 1091 LRI

@
y=0.0007x - 0.0177
R2=0.9792
o 2 3
Ew 5
s 1
205
0¥ .
0 1000 2000 3000
(b) Amountof MX (pg)
y=0.0038x - 0.186
10 2= 0.9897
=i
= 6
24 g
<2
0 T 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 GG/NCIHMS (2) and GGEEMS (b).
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