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Abstract : Disinfection by-products(DBPs), such as volatile trihalomethanes and the nonvolatile organochlorine
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acids, created by chlorination have been extensively studied. However MX which contributes 20-50% of the

mutagenic activity in drinking water began to people's attention since 1990. Its chemical name is 3-chloro-
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4-dichloromethyl-5-hydroxy-2(5H)-furanone. According to WHO guidelines its concentration should be controlled,

but its value has not been set up. Due to analytical difficulties in measuring this compound at such a low

concentrations and lack of information on toxicity to human. Because concentration (ng/L) of MX in drinking

water is low traditional testing methods are ineffective. Therefore this study compared LLE and SPE and have

chosen SPE to improve preconcentration. MX has been identified in chlorinated drinking water samples in several

countries but not in korea Therefore this study analyzed concentration of MX in different water sources and

in spring water. This study examined the causes of changing MX content. Chlorine dosage, seasons, water

temperature and distance from the source was all discoverd to be relavant. MX was analyzed in various treatment

to find optimum disinfection methods. The outcome was that the concentration of MX was minimized when

using biological activated carbon-O; and granular activated carbon.

Key words : 3-chloro-4-dichloromethyl-5-hydroxy-2(5SH)-furanone, Mx, SPE, GC
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ARE-3h= B4 38S AEsta et

gEAQ 94 ASFAEEE Egaye AY
(Trihalomethans, THMs)3Z} &2 o}A| E4F 7 & (Haloa-
cetic acid, HAAs), & Zol¥| Evo]EZ A & (Haloaceto-
nitriles, HANs), % 3}¥) 5 (Chlorinated phenols) 5-©]
RNow o]0 gt ZAF A= & o] FoiA 3
WEH SR w5 EPAE & THMsol tig MCL
(Maximum Contaminant Level)2 100 ug/LZ 7% 3} 322
oug/Le 2 IEEFH= AlgS Afly, 2 7HAY
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MXE Hold4 HZESQl Ames testo] Al TA1009]
st Hold-& YeP A uhE glote] S
DA O M0 F o] 7HAE DNA &4, F5449
/4, A 535 FoF WS4 Folx] FAlg
DNA &6 S o] wol9ld 2 oA 7ha2dol ol
gk B7t AUk =3 Bloke] 718 Ths Aol AFE
T QI 1

olol 19931 o]F A|ARA7]H(World Health
Organization, WHO)= w84 70| =211 (guidelines
for drinking water quality)ol] MXE 55393, <A
¢+ 7] F-(International Agency for Research on
Cancer, IARC)E= 7483 WHoldAH S 7|x=E 3t&e
Group 2BE 731t WHOM & ¢4 S =Y
2 3l 1.8 ug/LE 71X R ALl o o] A
A &, F DAY Y FERYG I 2o,
A7 olEgd 54 A5 FFHo= <l ofF] A
gt 71EX7F AR EA = Uk

MXE pHell wet Fxo]dAAE 2= 53] 9l
T} pH 5.3 o]3loll A= furanone ] PO =7 E3| 1L
SAAME 27t €3 %<2 oxobutenoic acid
Bl 21 (E)-2-chloro-3(dichloromethyl)-4-oxobutenoic acid
(E-MX)2 ZA) $eh(Fig. 1)

MXE ppt(ng/L) A=9] @& T FF02 AAE
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3L MX9 Rl A g w5UHES 74
£ o83 LAY FF W(Solid Phase Extraction,
SPE)o]t}, o] HhHo g
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< o sFA7 Amberhte XAD FAE &
ol ZASE F7184S SASHE o o) ALgslo)
Skl Amberlite XAD-2 3] ¢} XAD4 5247} 1981
oAV = B EAlE= Holdd EEE EalE)
o) b4 Bsbdolekn BelA FOL XAD2 A
FH71EZ2A(TOX)S S3t=tl @ &34 o]ofA
XAD4 549} XAD-8 $409] 1:1E 558 A1§-E)2

GC-MS #4415 &o]atA 317] flate] #A4 =29
frEAstzg o] Fasitt dubx oz F4 Y4

AE71, S|I=8A7] B olRl7] 59 4 2877}
E§Eo] e Aol 2 Y @] dojut
27t WolAAY |3 =Y FeHo] =4 vehte
2, 348 A7 IS ST Ao R
g ek HElE w7 Q8 FEAS AlA GC-MSE
A 871 AFSHEF sljofgit). tiEe] A st
= A stellA Ed71E o] &3k RESAIZITH

A 3} Al 2F S 2= methanol, iso-propanol, sec-butanol,

n-butanol 5& AR 4= St}
EAUHORE = JtAaRvlE g 2 g A 7]
GCMS) ol Bol AlgET. YT LE7b

200°CHTH U5 oW MXe] 271284512 JA%
7t dojubE g FYT 2EE 220°COE TP o]
23} W o 2= HAS 4 0] 2311 (Electron impact,
Ele] gg] 221t} o= A5 #Ake 24 A7
FE° M Az o] 23S dodle HHeR
Ertol &g A5t BAEES Fy sk #83t
Al AHE-F T

%%5’24,25 03%526 U]%’G %%,27
2 02-67 ng/LE $1¢] MX7F A& ¥
M E MXe] #E AL P53

33 nepo
A v ot )
o)t} HebA
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U A9 F, $44 GFol| whet ohde e vhehd

Aoz o2 gaby A4 Bl A5go 2R

d g Fazele] “;&_ﬁle gl Bz} s Th
UM = daihE5HE] oz FEo|y YIS
AEA(GAC) A2 i G4 A EZ e MIOXE A&
sl ZE T LE A2kE T Qo) o] i =
AT E YILAEFEAE MX2| FHZ e A%HHY
Z317] st 712 ATEA A=A S A9
MX &3S A5t} st

o

2 4 H
2.1. Alef
EFEZ=E  3-chloro-4-(dichloromethtyl)-5-hydroxy-

2(5H)-furanone (MX)> AldrichAFoll A 5k o m,
O] 2 & ethyl acetate®]] = 10 ppm(ug/ml) 2 43}
o] 20°Ce] gaelA BASATE AF§ G Aok
© 2 sodium sulfitex= AldrichAF2] A.C.S gradeE A&
SFATE A 8F A|FO 2 iso-propanolS Aldrich AF
9] HPLC gradeE AH8-3ld 2%(v/v)<] sulfuric acidE
X33 EE 50| A3l Ethyl acetate, n-
hexane, sulfuric acid= Aldrich A}, methanol, ether=
J.T. BakerA}, acetonitrile Junsei A}¢] HPLC gradeS
A1-8-519 . Sodium hydrogen carbonate= AldrichA}<]
ACS gradeE 2%(wiv) EFEE 33} R4 =
o] A}-8-3}9 ). Sodium sulfate anhydrousi= AldrichA}
°] ACS grade A 2FZ 400°ClA] 41 7F 9] €A Al
ool A 23] B3 TE Amberlite XAD-4 23]
<} supelite XAD-8 4°A]+= Supelcortoll A F+4 31 A}
£33t

A7} AHLE PhenomenexAl A|E91 SI-1 silica
(50 um, 70A) 500 mg/3 mLE A}tk WHEES
£ Z(internal standard)® mucobromic acid(MBA)+=
Aldrich A}l Al 43R 2™, ethyl acetateol] =<
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500 ng/mLZ 3]} ARg-8F3IT},

22, Mg 717]

GC/MSE Hewlett Packard A+€] HP 6890 Gas Chro-
matograph2} HP 5973 mass selective detectorE direct
inlet® =2 AAZ ZAOZA AFEE HP 6890 serise
autosamplers ARE-3te] F=Y3FATh AEEA S 918t
Hewlett Packard AFS] G2070AA MS ChemstationS A}
L3Ach JAFA AT HACHARS] pocket colorimeter
46700, pH= ORION A}e] portable pH meter 230A*
E 47 Abget] ST 52 EE H2s
CAT A}e] HPLH 200S metering pump, 3| A A3 5
W7]= BCHIAMS] rotary evaporator R-114$} water
bath B-410, =45} ¥H-8--> TAITEC A+¢] DTU-2B
dry thermo unit, A= Thermodyne A}¢] Maxi
MixIl, €413 2= Hanil AF2] HA500S AH&-3FSATh
LEE UHsE] 918 A8 FFSe e 7]

U HEES AHgST

FAIET o EEEHe] gola
o3zt Yl FFF 2009 MX EF 89S &
25375 ng/L7MA] 22 H7 sl 3.3)3 9
WHoR AEE A Aed & GC/MSel 7+t
FHste] EA6L, &Y F 24 FRE TR o
vlo]=a Aol W} AFAE A ATt AETH
= SN H|7} 3 o) He= AATERE Fsiinh

232 AE xMF ¥ =t

HEE AE 235 vpirk e 24 falEol
FEAEE AAAT7] S8 EF A 2] sodium
sulfites 100 mg/L7} H =& 7tk & Al8 5 FH3}
Sct. 4°ce] GaolA Sk, nashe] AHNAZRE 3
o oJufjel] ATt

233 A2 HX2|

Amberlite XAD-4 54, supelite XAD-8 F4], 2
= ZtZ} methanol, ether, acetonitrile, methanol©]
ME 24 A7 EAY FE7)E o83t Al
, iz 7ol @i SRSFE XD methanol 2
A7E D 7EA] A H sk fEld S AR
2 U #E37 99 WA 20mm, Z°] 300 mme]
2] #)2 methanol, ether, acetonitrile, methanol2] <=

of o M ox

(3
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ME A &, A FEARE AAY v 2
gtth sHtolE Amberlite XAD-4 FA], AHoE
supelite XAD-8 A5 22t Zo] 130 mm7} ¥ =5
2 FHE AR Utk

A9 B 9FuF 53U 7 1S Ao

T, FF SLE % 20 mL/minZ =& conditioning

A& 20LE 24 &
o]-&3te] pH 27} HE&E 2H3 &
20 mL/minZ £ AIH T A4 7))
9] FES A A F, ethyl acetate 300 mL
mL/ming &A1 2t A4 7IA 2 Aol
HG BE SEA|F|AL 20°ClA] 2441 7F WA
S 54 AASAE AR TEAEF7E AL
SmLE ¥323 5 10 mL JQo] $A4 WEEE
Z 9l mucobromic acid(500 ng/mL) 0.5 mLE 7}3}
Ax 7NA R A8 FFAA FFUAIA o El 4]
24A7F AzAZE 3 99 IAY FEHI v
sk7] 18l AA|-AH FEH S o] 8-3te] AT

20 L] H}IEX Eol| 7.5-25 ng/L 7HA] ©AIH L= 4
A e FFEEAS BHEY YREFEZDS 7135
% grro® pH 27 HEE &3tk o2 500 mL 4
EEZu 7)ol Uro] @al zhzt F2Z M (ethyl acetate
IEE hexane) 20 mL, NaCl 75 g& Y3 A&7 E A}

o
=2
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1%
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2,

flo o £

i ofye
%

ool o

N

oo =
9ty oo L i Jo U
& o = oo
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Ko 12w

1=

£ F 3 3 sodium sulfateS ol G
L 3 TTEEF7NA F 5 mLE
FEAZT FEHFNLS JHD KA DA 7A| Sl A

ZA7) 3 FFEAA oA 24 A7 712 AT

FEAZ HAAR A7 2%=2 FAAEE iso-
propanol £ 1 mLE 7}sled 85°CellA 1A]7F HE-S-A|
71 3, 535171 918 2% sodium hydrogen carbonate
|4 2 mLE 718FA th(Fig. 2).

n-hexane 1 mLE 7}8] B2 5EZF A8E 3600
pmlE SEZF G4V R 2t AE5de &
33 o] HAHE 43 wrEFAT. Sodium sulfate
anhydrous& 2o] 7] S AAS & A& 7AE
ARgELe] 0.5 mLE F=AZ o)

aHC  Q 2%- HS0y aHC  a

m’Z}O i iso-propancl 0

Y

Fig. 2. Derivatization process of MX.
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F=AZ1 A& 0.5 mLE n-hexane 2 mLZ A7 §+
A7t AHol| FHAIZ F p-hexane 1 mLE ThA] Al
23 & p-hexane : ethyl acetate (7:1)2] £ 5mL=E
SEAAT Aol £&8 1 mLe HIZ G2 4
mLE AP wo} A4 7|AE A 02 mL7HA &
Fate] Ado= St

A& AAEolr 22 &4E& HP 6890 7|AH| L2 1t
B z9} HP 5973 A2 719] AAE7 o] 231
(electron impact mode, EIy& AF&-3Fo] £33t}

AL 7o) 30m, 27 0.25 mm, film 7 025 um
2] DB-1(Dimethylpolysiloxane)& AH&-&F 3, o] %54
714 #4512 mUming] dE7|A 0o, ¢ W
218 vlE-g 91 B (splitless mode)yS A-8-5153 T

A e mi 55~30008 XA, Aol
71208 (selected ion monitoring, SIM)ol A= A8 o] &
O 2 m/z 199, 201, 203 A8 25 T2 7
W& 35°Co A 23 H=A L 120°C7HA &= 20°C/
min., 220°C7FA]&= 6°C/min., 300°C7HA & 25°C/min.S-
Z & T 300°CA] 5EZF HEA AT 4
T 2% 220°C, interface®] &%=+ 280°CE 3}3it}.
ol#13t 2H5 AL Table 19 +5313T}

3. g1 ¢ nE

3.1. GC-MSE MXxe| Xzt
GC-MSol|A MXe] AA] F49] 3 ==A17] w| &
o Fo]aArt Yol AY WMy o] F=A3b7t B s}t
o}, GEA| A k0 2 E3] AFR-EE methanolS A

Table 1. GC/MS operating conditions for MX

& A MX9 54 I ol A(miz 199, 201, 203)7F 2-
chloro-5-oxo-3-hexene diacyl chloride (COHC)9} ™ 5
& AZke] A8 dAsr] wiiol A FEA ol a7t
€k WM COHCSF HF-5 Al7te] v, 2 4
TAAAY? AP v 54 T4 A7l A7t
E=A YERaL, Ao g FE o] §o]3 iso-propanol
= FEASE Aleke ® AdEsisitt

=4 821 3-chloro-4-dichloromethyl-5-(iso-propyl)
oxi-2(5H)-furanone(D-MX)<] El =¥ E®H & Fig 49
UEhl 3L ERto] & AT

D-MX¢] AZrETYL Fig 5o YehhAth Y-
E A7 12.90%-0] 37, W F3E 752 (Intenal Standard,
18)¢ F=A8H9 D-MBAS] HE-& AZHS 12.04
ol

Fig. 62 2.5-37.5 ng/Le] T=H oM AT 55
WS AHEEE D-MXe] Aotk D-MBAS] F&
£ 500 ng/mL ©|# xZ& D-MX, y%< D-MX9} D-
MBA$] ¥jo]a HAH|E 3l st FaAF
R=0.9915°] F53 24145 Jepl At

7171 &A= A1 o] F-H(signal to noise,
SN)7F 3:1%0 7% 2.5 ng/LolleH, FFaA= s/
Nel 10:1¥ ™ 5 ng/LA . JEEE <5.0% (RSD)
o] 7, AT E=<8.0%RSD)E LYERATH ZE A
e m/z 199, 201, 20390 gk & WAHHE 7|22
sttt

32. s&YHe HlI
Ethyl acetate®} hexane®] F7FA] &wj& Al&-3}<]

e Column : DB-1 (30 m X 0.25 mm [.D. X 0.25 um film thickness)

e Carrier gas : He at 1.2 mL/min.
e Injection mode : Splitless

¢ Injection volume : 1 pl
 Acuisition mode : SIM/scan

¢ Injection port temp. : 220°C

e Oven temp. program :

initial temp. initial time final temp. final time
(°C) (min.) (°C/min.) (°C) (min.)
120 0
33 2 200 0
300 5.0

Mass range : m/z 55~300

Selected ion : MBA m/z 239, 241, 243
MX m/z 199, 201, 203

Sorce temp. : 230°C

Tonization mode : Electron impact (70eV)
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Glass bottle

| Na:SO;(100mg/L)

!

adjust pH 2 with 0.2N H.S0,

| Packing resin Itxnm:x;\ns-l: 1)
l flow rate 20mL/min

| purged with N>
[ Expel excess water |

1
(ethylacetate 300mL)

| flow rate SmL/min

[ Organic phase extract |

L -20°C, 24hr
I Concentration to SmL |
L MBA(LS)
I Dl}'ness | (N2 gas)

1 24hr, Vaccum desiceator

L— (D 2% H,80; iso-propanol, ImL, 85T, Ihr
| (2 2% NaHCO;, 2mL

|

[ Concentration to 0.5mL |
| purged with N»
I Sep-pak silica
| Washing/ n-hexane, ImL
n-hexane: ethylacetate(7:1) ImL
| Elution/ n-hexane: ethylacetate(7:1), ImLx4

| purge with N;
[ Concentration to 0.2mL |
|
| Injection to GC/MS |

(a)

(n-hexane, 1mL=4)

I (conditioned n-hexane, 2mlL)

295

ot

2
-+

(MX)el

r

L Na:SOs(100mg/L)

L adjust pH 2 with 0.2N H,S04
| Split to S00mL |l'— solvent 20mL

1+ NaCl 75g

1 10min, 3times

Organic layer

| Concentration to SmLElution |
| MBA(LS)
| Dryness | oN: gas)
L 24hr, Vaccum desiccator

b (D 2% H.80y iso-propanol, ImL, 85T, lhr
L (2) 2% NaHCO;, 2mL

._I

(n-hexane, ImL=4)

FE

| Concentration to 0.5mL |
| purged with N»
| Sep'pﬂk silica | (conditioned n-hexane, 2mL)
} Washing/ n-hexane, ImL
n-hexane: ethylacetate(7:1) ImL
| Elution/ n-hexane: ethylacetate(7:1), 1mLx4
Eluate
| purge with N;
| Concentration to 0.2mL |
1
[ Injection to GO/MS |

(b)

Fig. 3. Schematic diagrams for the sample preparation procedure (Liquid-Liquid extraction).

BA-AA F2& At 28U Fig 63 7o) 34
9] 16~47%2 SR =2 ¢4 2017} e B2
&l NEE FE317] fsiAe 3 A1Fl tisiA 40
3] Aro] FEHAHo] Fasitt. 3]0 FEHA A
A FFH Hste] v ¥g RIS &
o ARglof slER AY H]&
A g HEEAdS & F AATh
7o o

el MX 7

R

[e]
=

fol

ity

33 HaEY MX #E @
W FAR & 4l Bl thate] ol BEL MX
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3}
=]

o

L

A AFAZ Table 20 YER AT MX

19.7-39.4 ng/L HHE YERRAAL, o] AL &
oju] Agol AFeAH 12.3-23.2 ng/L* ¥

#olth. 458 Mxe ATEAEA /7]

E )-
GLEQFo] BO

Qo] ols) Mxe] Aol

=

S
A F 3t
] S&oUTh.
34. FAE MX 2 bm

MX e FAEE v wEt] Table 29 YERASL

oS8T 52 4 ddaxAdE 3 F, 4
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257 200 a‘!
02¥0280 280 300 316
m/z

{M-O-:‘so-propyl]‘*ar
. t
O
S 200
~
5 [iso-propyl]*
_Q |
< , f
2 | [ > [O-iso-propyll®
T . .
& :j r[(:l,]* [M-CHCL,] J:» [M-CH,]
4000 j L

ol FR2AYE AR FFEDS 6 FEFEZ A 92 vHE A5 dYdx A A5, FI2 A
RUERL 2 A5 MXT S ddsanh 44 TP 4
MX $g FAE BlRAs, wE A8 FAN  da AN FhA AR 25 rAEC 37}

AP>FEI>Ae AR el th(Table 2 %), ok 28]0) A3 AY AHE Table 39 YERIATH

Aol vla) o) MXFFo] we AL 4o A dh A% AYHA e 45 F9ole Mxst A
S FA2AR Q3] A5 W) BE dart BY 94 ek
= glo] Ao ® HefRid. HoA Bivtel o] aFdFo RS
MXEFE F7hete AL AT & AR oIAL
35 ¢4 Tl ME MX B HR YAASRES) MX7F AoFFD 2G4 g9
[e]

Ao EAF MX SFHe] JAAAE Golry A LS vERE Zole AztHn.
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Area ratio (STD/IS)
O = MW s g~

10 20 30 40
Concentration (ng/L)

Fig. 6. Calibration curve of D-MX (replicate analysis, n=3).

=]

36 #ER0| Chet Halg MmEH
P ATABERE Pro)N FEFE ol net
MXe] §3o] Fol=t AL HAsh. ol J53
oBRE ke A FHE FEFL, FESY, FE
39 3472 Gsle] AR ATHe Table 49+ Atk
EolN mls} o] Aol WFF AU B
§ PR FEF, FEFIS ANE FAMX
of YA BasHE AL & 5 AT © ol el
& 3] e ¥ WFPAs A sk MXE
shshe o= Yz,

[0

M R ol

37. A # 20| ME MX ol Hlu

Table 4914 Yepdluke} Zho] o FollA AR 2=
MX o] A= Aasks & 5 A <A
59 A AZEY daFdFol B, MX9
AR ARHE f7182E FFo] 2o w2

Do Az 5o A0 44T 5 AT

42 o
o

o)

AMX)l g A

297

Table 4. Concentrations of MX by distance for tap waters.

MX &% (ng/L)

.
A
8 99 1<
A 253409 251423 145%+16
FEF] 24.6+13 238+15 12.843.1
T2 245+1.8 19.6£1.5 122425
TET3 24.0£1.5 172+1.9 11.0£22

Replicate analysis, #=9

AL} AL FLo E MXTHE ¥ s}
Fig. 99 YRt dAE 420] Z7138t) o}
MXe] gHE F7IetAh ol A-Y 2= &
o] MX9] AA F&S FrhaL A7 4= ok

® 2

[e)

=

¢

38. Fs 2| LH0 ME MX dd¥ol H|lm

AR FHolA G = L & pilot FHQ 1=
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Table 2. Concentrations of MX in different water samples (in summer)

MX 5% (ng/L)

A
A5 1° A2 4573 A5 4 RS0
LF HEaH) 20.8£1.9 19.7£0.9 259427 24812
BT (FEEA) 31.6+22 263+2.0 39.4%+23 352422 N.D
T 21.9£1.9 22.6+3.3 33.0£1.5 30.3£1.5
N.D. = not detected, Replicate analysis, #=9, “Replicate analysis, #=6, °Replicate analysis, =6
Table 3. Concentrations of MX by chlorine dosage
damAg o 5 AdaAg 44 FHAH A F
A HAF Y FHppm 0 1.3 2.3
15](7%) "l; T H o(pp )
MX &% (ng/L) N.D. 18225 253+0.9
=2 & 2 E9) 2 (ppm 0 0.8 21
23](99) BT epm)
MX 5% (ng/L) N.D. 10.5+2.2 19.3£2.6

N.D.=not detected. Replicate analysis, n=6
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Fig. 7. MX recovery by LLE different solvents, [MX]=37.5
ng/L.
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Fig. 8. MX recovery by SPE using different MX using
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37.5 ng/L.
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