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Determ mation ofH aloacetic Acids n Drink ng W ater U sing U ltra Perform ance
Liquid Chran atography Coup led w ith Solid-phase Ex traction

LU Yan RAO Zhu LU Guo-huj JA Jng SHEN Ya-ting LI Song
( Natbnal Research Center for Gevanalysis Beijing 100037, China )

Abstract An ulira perfomance lquid chramatography (UPLC) coupled w ith sold-phase extractbn
( SPE) method was estab lished for the detem nation of nine haloacetic acds(HAAs) n drnk ngwa
ter The expermental conditions of UPLC and SPE were optinized Three SPE cartrdges w ith differ
ent sothents were tested and Lichwlut EN cartridges shoved the best recoveries A good baselne
separaton of target canpounds were obtaned in 6 m inutes when using methanol and triethylan ne
phosphate buffer( (H 5.0) asmobile phase triethylan ne as bn-pair reagent The calbratbn curves
of nne HAA swere Inear n the certan concentratbn rangew ith corre lation coefficients of 0. 995 7 —
0.999 9 The lmitofdetecton(LOD, SN >3) form onochloroacetic acid(M CAA) was 10. 85 Hg
I, and those for rest of target canpounds were between 0. 25 Hg L and 0. 70 Hg L. Recoveries of
HAA s at three spiked concentratbn levels ranged fran 60 1o 1086 except forM CAA. The relatve
standard devatons(RSDs n=5) of he method were bewween 2. % and 5. 6. Thismethod was
app led n the detem nation ofHAA s in tap water sanp ks fun a norhern city n Ching and fwe
HAA swere detected Therefore themethod was sensitive and convenient and could be used n the
trace detem inatbn of HAAs n drinking w ater
Key words habacetic acids solid-phase extractbnn  ion-pair ulira perfomance liquid chramatog
raphy drink ng water
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(DBCAA) 9 HAA s DBPs 91. % el DCAA TCAA
(EPA) 1998 , EPA 5
(HAA3 MCAA DCAA TCAA MBAA BCAA) 60Hg L, TCAA
30 Hg I, DCAA \ HAAS 30 Hg L t
2006 DCAA TCAA 50 100
ug Y , HAAs HAA s
(GC) (GC-MS)" " ()" 6e 6C-MS EPA
; - :
: , (LC) -
(LC-MS) S PP Le-MS :
, , \ (UPLC) LC ,
1. 7 ¥m , ,
2 5 HAAS [10-12 15- 16]’ , _
(UPLC) 9 HAAs ,
9 HAAs ,
1
1. 1

ACQUITY UPLC (W aters ); ACQU 'Y UPLC BEH Cis (100 mm X 2. 1 mm, 1.7
HBm, W aters ); Millpore ( M illpore ), H (W aters );
Lichrolit EN (M erck , 200mg); ( )

9 HAAs ( Supelco ), DBAA TCAA 200mg I, MBAA
BCAA BDCAA  400mg I, MCAA DCAA  600mgl, DBCAA 1000mg I, TBAA 2000mg
L 2 3 (1000mg I, Supeleco ); (HPLC , Fisher Scientific

); , ; , MOS ; ( 99. %%, Spma— A Hrich );
(HPLC ); , 18.2MQ* an 200~ 2000mg L

20~ 200mg L , 4T
1.2

ACQUITY UPLC BEH Cis ; : 30°C; A :
(10 mmol I, [H 5.0); : 0.3mLmm : 210 m : 10 BL
O~2mmn &~300A 2~4mn 3% A 4~6mn 300~ @ A

1.3
Lichrol tEN 6 mL , 6mL 0.25mol L 5 mL
- (371 , 6mL ( M 1.0) , M 0.5 100
mL , 1 mL SPE , 4 mL, - (31
0.5mL, 0.22 Wm ,
- (10 mmol I, pH 5.0) : 10 mmol 1L ,
jisl 5.Q 0.22 Um
2
2.1

HAA s (H
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30
2.2) (pH 5.0) (pH 5.0) (pH 5.0)4 9
HAAs s HAAs s
3 HAAs
s 10
HAA's 4
' ' 0.3
=
’ g
3 . 9 HAAs -
) MCAA
. T T T T
? ? 1:5 2.0 2.5 3.0
t/ min
s 1 9 2 3
MCAA ,
) Fig 1 Chranatogrm of9 HAAs and 2 3dichloroprop bnic
’ acdm ked standards
, , LLMCAA (15mg L); 2MBAA (10mgL); 3.DCAA (15mg L):
M CAA 1 HAAs 4. BCAA (10mg L); 5.2 3dichbopropinic acd (20mg L);
’ 6.DBAA (S5mg L); 7.TCAA (5mg L); 8 BDCAA (10mg L);
9.DBCAA (25mg L); 10.TBAA (50 mg L)
2.2 pH
pH=8.5
PH 0.4 'I.
Hoo 2.6 ;
3.6 5.0 6.0 7.5 8.5 03
= 1oy
< ,\/
jus! 9 HAAs < 024 L |
; , pH 3.5 ,
, (
2) : H
5.0
2.3 2 pH HAAs
Fig 2 Chmomatograms ofHAA s atd ifferent pH
values ofmobik phase
25 50 10 15mmol L P
’ 5 HAAs ) ’
10mmol L, R ,
10mmol L
2.4
2 [24] 2 2

- (6:94)
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, MCAA  TBAA, TBAA 3 SPE HAAs
206 - Lichroht EN MCAA Fig 3 Recoveris of different SPE absohent forHAA s
, 8
120
, Lichroit EN SPE HAAs 100
2.5.2 pH 80
8 60
, ) 2 o —A—PHO.5
, H 1.5 —=—PH 1.0
20 —e—PHILS
1' 0 O 5 ( 4) ” 0 % T T T T T T T T
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d
BCAA P{_I 0.5 , Compoun
[25]
R H 4 pH HAAs
0.5 Fig 4 Effects of pH values of water san ples on
5 5.3 recoveries of HAA s
? 484
MCAA MBAA DCAA ,
2 2
=)
k:
, 3 A.5mL - 3
(31 1) . B. 10mL (H 0.5 :
SmL - (31 ;0 G 6 mL
0.25 mol L , 5 mL - ’ : ; ,
. 1.30 1.56 1.82 2.08
( 3: 1) A B t/min
, C
5
) Fig 5 Chwom atograns ofb lank w ater sanp le
C 5 a. cleaning w ith m ethanol only b. claning progran C
0
2.6
2 1 2
2
(7) 0.995 SN 23 ,
1
Table1 Linear ranges regression equations correhtion coefficients( ) and detection lin its of target compounds
C an pound Linear rangeP (mg L™') Regression equation I Detection linitP (Mg L71)
MCAA 0. 6~ 60 y=0.000 3+ 1. 9735 0.9% 7 10. 85
MBAA 0. 4~ 40 y= 0.000 08 + 0. 209 9 0.99 7 0. 60
DCAA 0. 6~ 60 y= 0.000 lx+ 0. 012 4 0. 998 9 0. 70
BCAA 0. 4~ 40 y= 0.000 O6x + 0. 039 3 0. 99 9 0. 50
DBAA 0.2~ 20 y= 0.000 03 - 0. 019 1 0. 99 9 0. 25
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30
( 1)

C an pound Linear rangeP (mg L™ ') Regression equation P Detection linitP (e I°')
TCAA 0.2~ 20 y= 0.000 05¢+ 0. 051 1 0. 99 8 0. 35
BDCAA 0. 4~ 40 y= 0.000 04v + 0. 037 4 0. 9% 5 0. 35
DBCAA 0. 5~ 100 y= 0.000 03— 0. 037 5 0.998 3 0. 35
TBAA 1~ 200 y= 0.000 03v+ 0. 166 4 0. 99 9 0. 40

y:  concentraton of analyte mg I, x: peak area
2.7
, 2-20( ) 10~100( ) 100~ 1000Hg L( ) 3
, 2 , M CAA ,
606 ~ 10680 10~ 100 Hg L 5 R
(RSD) 2. 06~ 5.6
2
Table2 Spiked recoveries and precs bn of target com pounds
Lov kvel M iddle level H igh level
C an pound Added Recovery Added R ecovery RSD (n=75) Added R ecovery
Pug o)  R%  pug st  R% s% P mg ) R%
MCAA 6 - 30 36 5.7 300 23
MBAA 4 99 20 71 3.3 200 76
DCAA 6 71 30 82 2.0 300 94
BCAA 4 78 20 106 4.3 200 99
DBAA 2 90 10 99 2.3 100 103
TCAA 2 94 10 97 2.6 100 98
BDCAA 4 83 20 97 2.7 200 99
DBCAA 10 81 50 86 3.2 500 89
TBAA 20 60 100 67 4.8 1 000 60
“ =7 no detected
2.8
6 mn, 30 m in ,
[ 26]
; EPA - , ,
2 2 LC 2
, (0.3mL mmn) : UPLC
2
2
2.9
3
3 Tablk 3 Analytical resulls of water sanples P (Mge L")
’ 3 C anpound Sanple 1 Sanplk 2 Sanple 3
3 MCAA - - -
MBAA 1. 91 - 1. 48
Lichroht EN , DCAA - - _
9 BCAA 2. 74 0. 57 1. 36
DBAA 4. 10 - 1. 78
? MCAA TCAA 1. 01 - 0. 80
10.85 Hg L., 8 BD CAA 113 - -
0.25~0.70 g I,  MCAA 3 DTI;(AA:‘ - - -

606 ~ 1080 « _»

-7 no detected



3 : 9 253

[1]

[2]

[ 10]

[11]

[12]

[ 13]

[ 14]

[ 15]

[ 16]
[17]

[ 18]

[ 19]

[20]

[21]

[22]

[ 23]
[24]

[25]

[26]

GOPALK, TRIPATHY SS BERSILION JI, DUBEY SP. Chbrinaton bypwoducts their tox codynan s and ren oval
from drnking water[ J]. JHazard M ater 2007, 140(1 2): 1- &
NKOLAOU A, GOLFNOPOULOS § RIZZ0 I, ILOFRANO G, LEKKAST, BELG DRNO V. Optinization of analytr
calmethods for the detem ination of DBPs Applicatbn to drinking waters from Greece and lialy[ J]. Desalination
2005 176(1 3): 25- 36
MALLIAROU E COLLNSC GRAHAM N, NIEUWENHUIBENM J Habacetic acds in drinking water in the Un ited
Kinglan[ J]. Water Res 2005 39(12): 2722- 2730
RODRIGUEZM J SERODES ] ROY D. Fomaton and fate of habacetic acds(HAAs) w ihin the water treatm ent p hnt
[ J]. WaterRes 2007, 41(18): 4222- 4232

) ) ) , , . [J].

, 2005 25(8): 1091- 1095

’ : - [J]. , 2000, 26(8): 1-6
US EPA. Natural prinary drink ng water regulations disinfectants and disinfection by products[ S]. Federal Register
1998 63(241): 69390- 69476
GB5749- 2006 [ S].

SARRION M N, SANTOS F J GALCERANM T. Solidphase microextraction coupld w ih gas chmmabgraphy- ion
trap m ass spectran etry for the analysis of haloacetic acds n water[ J]. JChranatogr A, 1999 859(2): 159- 171
, , , s . GC-ECD [J] ,
2006 25(8): 26- 29

) ) , . [J].

, 2007 27(2): 1-5

, , , . - [J]. , 2006 24(1): 26-29
BARRON L PAULL B Dirct detectbn of trace haloacetates n drink ing w ater using m icrobore bn chran atography in-
pwoved detector sensitivily using a hydroxide gradient and a monolihic bn-exchange type suppressor[ J]. J Chiom atogr
A, 2004 1047(2): 205- 212
LU Y J MOU SE Detem naton of trace kvelsofhabacetic acis and perchlorate n drink ng water by bn chran atogra
phy with direct mjection[ J]. J Chmmabogr A, 2003 997(1 2): 225- 235

, , . - [ ] , 2006 24(3): 298
- 301

, , . [J] , 2000, 26(4) 47- 420
RAZPOTN K P, TURéI(\]/ J VEBERM, NOVICVM, Effciency and characterstics of solitphase ( bir exchange) extrac
ton for renoval of CI' matrx[ J]. J Chiomatogr A, 2003 991(1): 23-29
KOU DW, WANG XY, MI'RA S Supported liquid men branem icroex tracton w ith h glr perfom ance liquid chom atog-
raphy — UV detection form onitoring trace habacetic acds nwater| J]. JChranabgr A, 2004 1055(1 2): 63- 69
WANG XY, KOUDW, MITRA S Continuous on-line monitoring of haloacetic acids via m an brane extracton[ J]. J
Chran atogr A, 2005 1089(1 2): 39- 44
KUKLENY K Z ASHLEY DI, CALAFAT A M. Quantitative detec tion of trichloroacetic acid n human urine using iso-
ope dilutbn h gh-perfomance liquid chran atography — electrospray ion izatbn tanden m ass spec tom eiry[ J|. Anal Chem,
2002 74(9): 2058- 2063
LOOS R, BARCELOD. Detem inaton of habacetic acils i aqueous enviom ents by sold-phase extraction folloved by
on-pair liquid chiom atography — electrospray bnization m ass spectom etric detecton[ J]. J Chromatogr A, 2001, 938
(1 2): 45-55
MENG LP, WU SM, MAF J JA A, HU JY. Trace deteminaton of nine habacetic acds in drink ngw ater by liqui
chrom atography-electrospray tandem m ass spectranetry[ J]. J Chromatogr A, 2010, 1217(29): 4873- 4876

, . 6 [J] , 2007, 23(16): 81- 84
, , 8 [J]. , 2009 37
(10): 1433- 1438
LOOS R, NIESINER R. Anals® of aran atic sulfonates in water by sold-phase extraction and capillaty electiophoresis
[Jl. JChomatogr A, 1998 822(2): 291- 303
US EPA M ethod 552. 2 US Enviomm ental Protection A gency| S].



