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Development of Sensitive Analytical Method of Dichloroacetic acid and
Trichloroacetic acid in Tap Water by Methyl Derivatization and GC/MS/MS
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SUMMARY

During the water purification process, various disinfection by-products (DBPs), such as haloacetic acids

(dichloroacetic acid(DCAA) and trichloroacetic

acid(TCAA)) and trihalomethane, are formed by

chlorination. DCAA and TCAA are listed as Surveillance Item which are regulated by Ministers Order. For

safety reservation of tap water, the high sensitive and accurate analytical method of DCAA and TCAA by
the chemical ionization(CD-GC/MS/MS was established. The limits of detection for DCAA and TCAA by
using this method were 0.02 #g/L and 0.05ug/L respectively.
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2. GC/MSHH

2-1) BIERK

HRr7w= b5 7EAOZEERD S &R CHIMEE
BE, LABRARKALELCHENT - b ABTE S
Temperature Programmable Inlet (TPI) # v # 5 4
EAEERB L.

GC/MS DRIFEL % Table 1 X777,

EEE BHEBENEWEY v 5 — 8 525, 2003

Tablel GC/MS operation conditions
[GCl

Injection method: TPI on column injection

Injection temp.: 35°C (1.56min)—200°C (100°C/min)

Coolant: liquid CO, :

Oven temp.: 35°C( 7 min)—220°C (10°C/min)

Carrier gas: Helium, 40cm/sec(EPC)

Column: Vocol(film thickness: 1.5 ¢m, 1:30m, i.d.: 0.25mm)
[Ms]

Ion source temp.: EI:200°C, CI: 150°C (methane)

Transferline temp.: 275°C

Emission current: 285¢ A

Ionization volt; 70eV

Mass range: 50—650(m/Z)
[MS/MS]

Excitation voltage: 0-1volt, Mass range: 40—350(m/z)

2-2) A FVHEEFECEHE O

TMSD HEic & 3 # 7 MLRIG %, BSERE20°C, K
IR 60 T—EORBGT T, RIGEVEEEOM
FEBRE L.

#v ¥ ¥ E20.000lmmol (¥ 7 o uEFE#ET12.9mg/L,
FY 2 oo T16.5mg/L) o3 LT TMSD 3%
0.00013mmol (1.3455%, TMSD 22 i1 10%EHTH 2
7c®, 1 mLA51.3mmoliziEX), 0.00lmmmol (Q0f£E),
0.002mmol (20 % &), 0.003mmol (30 & & ),
0.005mmol (50%E), 0.0lmmol (1004%8) FHL,
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B, B S A ORIERER : mIsk 1 #isEA), Rkl
HiEB), BHF 1 HAC) okiEkE, 200046 H27H,
FIE10H24H, 20014E6 826 H, BHE10H 238, 2002
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{tEE2HVTRF 2T -7 (Fig.1). ~oEEBOH v
RrvBoEvE 1 KH LT, TMSDEEEZ 1.3, 10, 20,
30, 50, 100f5E=@ERIcBMLIE TS, RIGE (%)
BRYs7ooEgcehEh 81, 97, 100, 101, 102,
100% (n=3, EE Tdhy, Yol TTh
Fh79, 96, 100, 103, 102, 100% (n=3, FEE) T
ot fE-T, DL EDH/EE (k) PLETMD
FThiE, RIBE20°C, 603 TEERNICTRET 5 &40
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e, 7o E=EER, Yo/ ool JuoxeY s oo
B, Y7ol v7oss oo, FY 7o E
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WREE L, T, KERY 7=V vHEERE, O H
HIEIT7VAF v ERNTREETHY, DIFRIEER
DEFEILIc 2B - 12,

B Methyl dichloroacetate
B Methyl trichloroacetate
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(TMSD reagent/haloacetic acid)

Fig.1 Relation between the esterification rate and
the molar ratio of TMSD reagent to haloacetic
acid (dichloroacetic acid and trichloroacetic
acid)
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Fig.3 CI-GC/MS spectra of methyl dichloroacetate and methyl trichloroacetate
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HEgrsgn A + vEE TR S, BAEO m/z 179,
BlegHEhiz, ThoDfA 4 v E, WFhbibaw
RIS A (BT 7O b 4 Y) TR, L,
EYMORFICENTH S.
3-2) CI-GC/MS/MS& D& bic>wT

Vo ool FACE-ENIE m/z143, ) 2 o ofE
BAFVICEBENIE m/z1TT2 TV - -4 &L
T, 0.5, 0.7TB L U1.0voltic &k AHEREG (MS/MS) *
T-hBOv 220 b VEZNENFig. 4, Fig. 5 i0k
Uiz, ¥ oo+ F /Tl m/z 143 % 0.5volt O iz
TR NF- (EV) TEBHHEsE®3E m/z79, 107THHRBEL
o, m/zTOOFRBBVE -2 LTHRBEINE.
0.7volt, 1.0volt ST IcHEY, m/z 143 0BAEE 2D L
m/izT9OE -/ PSS b obhik. m/z79 li
[HCl = —CH,] , m/z 107 & [H,CC1—COOCH,] &
HELTWVE, M) 7 o8B FUTRERET Vv LE—
(EV) %Z05volt &35 &, m/z4lDE -2 H Sbh,
0.7volt It 9% & m/z 17T BELIEE L, m/z 113 &
m/z 1415558 BE LA, Big, 1.0volticd 3 & m/z 113
DO — 7 EEEMNBEL 2. m/z1181% [CCl, = O*~CH,] ,
m/z141{% [-CCl,—COOCH] &fEELTW 3,

CNoORBEFHEMHET LI-ER %2 Fig. 6 IRt
Yo ool FTRE, 0.7volt IkB VT m/z 19 D5
b HEL, PV I oBEBRA F AV TIR0.6volt T
m/z 141 BHROBHBLACE»S, ChoDA 4+ v
Z7aF s b A AV ELTERICHVWE.

4) EFEBLUBRETRE

FE TFRE% Signal/Noise (S/N) kh=10& L Tk
HoHE, Voo T0.0Tug/L, U7 o oEEET
017 ug/LTH 7. BT REES/NL=3 b0 5R¥
3&, V/uoolEBT0.02ug/L, PV 2 uoERBET
0.05ug/LTH-1c. FITFEOHEENLEE, BET
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PFig.4  CI-GC/MS/MS spectra of methyl dichloroacetate
Excitation voltage: 0.5, 0.7, 1.0 V
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Fig.5 CI-GC/MS/MS specira of methyl trichloroacstate
Excitation voltage: 0.5, 0.7, 1.0 N
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Fig.6 Variation of the amount of generation from precursor ion to product ion with am increasing exicitation voltage
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FR{E O bz e Bt Z kIS VA3, £k EI-GC/MSH:
ORI TIRE (Y7 ook 014p4g/L, PY)s7uo
Bl - 0.19ug/L) LOHBTR, ThTh T, 4%
LERERERPEBLNS I EMSh o7z (Table2).

Table2 Limits of detection(LOD) and limits of
quantitation(LOQ) of target compounds

Dichloroacetic acid  Trichloroacetic acid

CI-GC/MS/MS

LOD (pg/L) 0.02 0.05

LOQ (ug/L) 0.07 0.17

Precursor ion (m/z) 143 177

Product ion (m/z) 79 141
EI-GC/MS

LOD (pg/L) 0.14 0.19

L.0Q (ug/L) 0.46 0.63

Monitor ion (m/z) 83, 85, 87 117, 119, 121

£, ProofEBIUMN) o oEBOBRERO
BN AR BRESRIE, ThEh0.07-10 ug/L, 0.17-
WVug/LTh-k. Y/7ooBEBROoERERRAR
Y =92.80X, HEBREIE T =099 TH /. YD
o OEHERNIZ Y =16.89X, HEGHKIER T =
0999 Th-t. COES IV I/ uoFEBRBLO MY 2
o o FERRE & ©— 7 EEE & OERBRREIREVWEER
L, BELEHOEREED TRIFTH - 72,
PUbtoTtds, EMTICID Y7 oofiifB L O
Y2 o ofRORHIR, Y7 o oBioisgHE 20 ug/L
®1/1,000, b YV 7 v o FEEOIESHE 300 1g/L @ 1/6,000
ECEERREL 2D, Ny 2 XSy v FENA KB
VRIVEBEBL S 2SNETH L EMNHELMEE -T2,

5) WINENNEER

Vo oofBBIUO M) 2 oaEEEIcoWT, 0.50
ug/L OBE THRMEMEEER %17 - /. [EINR & ZHFH
% Table3 lc/Rd. WTFhoHKKIZHWTH 105~
108% & BIF S EMNESE o hiz. £/, TEEHEEH 4%
KimEHHEOFVWERTH L T L ETHR.

Tabled Recovery of dichloroacetic acid and

trichloroacetic acid by GC/MS/MS
Dist. Water™
R(%), CV(%)

Ground water**

R(%), CV(%)

Dichloroacetic acid 0.025 g 105.3 106.4

Trichloroacetic acid 0.025 pg 106.4 108.4

*: Dist. Water: ss<{1.0mg/L, pH6.9
*% ; Ground water. ss=1.0mg/L, pH7.0

B, BMENNEERIC AW KERKE L ToRITF K

EEEN BEREHSENE Y Y 5 -8 $25, 2003

BLRUBEKICE Y 7 o offBB X0 ) 2 o oBfigid
2L{BINTVAVWT EEEIL TS,

Fig. 7 k@b oiish vy s oot vV 7o
oFEE D CI-GC/MS/MS 7 u = b 75 %R LIz, TD
suv b7 Ak, thoFErL{ R IhT, @
LEMRHHVE -2 L LTRIETEZ &S -1

rMethyl dichloroacetate |
(m/z 79)

Methyl trichloroacetate
e (/14D

T T T =
(= 10 nee U
103 20103 CETE

Fig.7- CI-GC/MS/MS chromatogram of methyl
dichloroacetate and methyl trichloroacetate
in tap water

Methy! dichloroacetate: production ion m/z79 (EV, 0.7V)
Methyl trichloroacetate: production ion m/z141 (EV, 0.6V)
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KEKPOEREREOHR, Kby 7 o ol o B
I, FIIkEKEE T3 AMEOKEKT2.27~
6.20 ug/L, Rk EHKIE LT 2 BHISADKEKTLO5
~419ug/L, BHF%2KREELT I CHADOKEAT
0.23~1.26 ug/LTH »7. —F, )7 ooFrEoOR
BEGEDR 3 A D KB 7K T0.86~9.48 ug/L, BiiE o
KIBIKT0.48~8.05 ug/L, CHiZS DKk T0.29~2.30
ng/LTh - 7. BITOEEHEY & & 0720034 5 5 30 B
MOBSWE B 3EHEE (V27 0 0B« 40 ng/L,
M7 oo B 200 ng/L) LHEL TEL TH-T
w500, REETOKEKFY 7 o off@gB LU b
)7 o oFFRROEHEFLHAERRE CREVEEOKED
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5. ) .

Pk, choofERyd, NEEETRIS NiEE
AT, BEEL<VOKERPY 7 ooB s LU
s onBEEERERCAEL > 3 L xED k.

v £ &

Ko s ooFB L) 7 o oBBBOSITEE L
T, A FAEEEE, CI-GC/MS/MSZEDORET %7 -
1EER, DTomRABLNI.

1. A FAFEEEEE, oo VvEyBOE
mib e L, TMSDEEZ 2018 (=) BIE
IO 20°C, 60 M ORIG IR EENICET T2 &
79%}%3)—:7‘:.

2. CI-GC/MS#EIc &y, Y/ uulifBLTo ) s
Dol R T hEFNEBHNTAA v THs m/z143 &
m/z1TT 2B L. ChEFYI—F—A 4 ET 5
CI-GC/MS/MS #ic kb, ThZThooFERIC
0.7volt BT O.6volt OFffE F VF %252 5 &,
SEEORVWEEN» ORLBEOHMNT TS b4 Y
m/z79& m/z 41 BZhZhHELLZCEL S, EE
A AVELTRIBWI EEEDL. CThoOFHFTL>
TERT 2RETORETRIER, Y7 ooBfiRT0.02
ug/L (GE§HE20 ug/L ®1/1,0000, + Y 7 oo fElg<
0.05 £g/L ($5&+HE 300 ug/L D 1/6,000) TH Y, EI-GC
/MSEDZTN S AT, BRECSHWTHAEETH S
TEMALMEL 5.

3. BEDkEAEEX GETA) %AV CiRimEIsEEs
2 TofcE T A, EINE105~108%, TENZREH I ~4 %
LBIFREETHE I EEEDL.

4., FikxkEARPOY s oofifBi ) 7 ool
BarcERELER, BIE0HELLEEE—-7 134<
FHonT, BRAESHERS . REEKEKEEE
HElcE S WAERSOKEKDY 7 0 oEEEE, Y
70 oFBEEAAEL ER, V2 ooEFRRIZ0.23~
6.20ug/L, b 7 v oFERIZ0.29~9.48 ug/L O EREEE
Eckilahi. FERERE L~ VERBERCAEL
55T LERBDE.
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