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Separation of Nine Haloacetic Acids in Water Samples by Ion Chromatography
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Abstract: Haloacetic acids (HAAs) are by-products from disinfection process in water treatment plant by the
mteraction of chlorine or other disinfectants with naturally occurring organic and inorganic matters in water.
Tt has been causing concern due to potential harmful effect from long-term exposure. Separation of nine HA As
in water samples was developed by suppressed ion chromatography. The conditions were performed by using
TonPac AS11HC (2250 mm) ion exchange column, Potassium hydroxide (KOH) as the eluent with the gradient
systermn and conductivity detector. All of analytes could be separated from fluoride, mitrate, chloride and sulfate
ion, which commeonly anions occur in drinking water, by using the two optimized gradient systems. The linearity
of MCAA, DCAA, TCAA, MBAA, DBAA, TBAA, BCAA, BDCAA and DBCAA were 7-1000, 5-1000, 5-1000,
7-1000, 10-1000, 300-1200, 5-1000, 10-1000 and 200-1000 ug L', respectively, with the correlation coefficient in
the range of 0.9871-0.9991. The detection limits were 7, 5, 5, 7, 10, 200, 5, 10 and 170 ug L', respectively. The
repeatabilities of the peak area (%RSD, n = 5) were found in the range of 0.90-4.57% and the reproducibility in

the range of 1.35-7.62%RSD.
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INTRODUCTION

Disinfection 1s an unportant step in ensuring that
water 18 safe to drink Disinfectants system 1s used to
destroy microorganism that can cause disease in humans.
During disinfection processes, water treatment leads to
the formation of Disinfection by-Products (DBPs). The
major categories of DBPs such as trihalomethanes,
haloacetic  acids,  haloacetonitriles,  haloketones,
chlorophenols, chloropierin  and  chloral hydrate
(Dojlido ef al., 1999). The DBPs in drinking waters have
been causing concern due to potential harmful effect
from long-term exposure. Tt was arised upon the
discovery of the potential health hazards associated with
the formation of trihalomethanes during chlorination.
These compounds lead to other DBPs such as the
haloacetic acids (HAAs), which may pose similar long-
term health risk to human and animal (Bove et al., 1995,
Wright ef al., 2004).

Haloacetic acids (HAAs) are carboxylic acids n
which a halogen atom takes place of hydrogen atom in
acetic acid. HAAs are a group of chemicals that formed
along with other disinfection by-products when chlorine
or other used to control microbial
contaminants in drinking water reacted with naturally

disinfectants

occurring organic and inorganic matter in water. Some
of HA As like dichloroacetic acid 1s classified as probable

carcinogens (Clark and Boutin, 2001). There are nine
haloacetic acids, five of them (HAAS) are regulated
including monochloroacetic acid (MCAA), dichloroacetic
acid  (DCAA), trichloroacetic  acid  (TCAA),
monobromoacetic acid (MBAA) and dibromoacetic acid
(DBAA). The cuwrent drinking water maximum
contaminant level for HAAS was regulating at 60 ug L™
(US Environmental Protection Agency, 2008). The four
unregulated include bromochloroacetic acid (BCAA),
tribromoacetic acid (TBAA), bromodichloroacetic acid
(BDCAA) and chlorodibromoacetic acid (CDBAA).
Determination of HAAs in drinking waters have
several methods such as gas  chromatography
(Sarrion et al, 1999, Zhang and Minear, 2002,
Domine et al., 2004; Golfinopoulos and Nikolaou, 2005;
Malliarou et al, 2005), high performance liqud
chromatography (Wang et al., 2005; Ghassempour et al.,
2006), capillary electrophoresis (Martinez et al., 1998) and
Ion Chromatography (IC) ( Liu and Mou, 2003; Paull and
Barron, 2004). Liu ef al. (2004) developed IC method for
determination of chlormation haloacetic acids: MCAA,
DCAA and TCAA by using TonPac ASIHC (4=250 mm)
column. The detection hmits were 006, 014 and
0.85 ug L7, respectively. Sarzanini et al (1999)
determined of five HAAs: MBAA, DBAA, TBAA, DCAA
and TCAA by reversedphase ion interaction
chromatography with UV detection. The result showed
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good detection limits range from 25-207 pg L' forion
interactiorr based  method couple  with  suppressed
conductivity, and the detecticnn  lmits range  from
Tl pg L~ for non-suppressed conductivity. Barron and
Padl (2004) determined MBAA DEAS MWMCAA DCAS
TCaAA  chlorodifluoroacetic acid (CDFAL)  and
triflucroacetic acids (TFAA) by using two columrg
A31THC (25250 mm) and A316 (2#2 50 mam) columnn Inall
the above methods ooy 3-F7 Hads species were
determined, but mne HAAs might be contaminated in
drirking waters. Therefore, the objective of this research
iz to develop a method for the separation of nine HaAs
atd somme cortnon ions by ion cheom ato graph,

MATERIALS AND METHOD S

Instrumentation: lon  chromatograpltyy DEI500
(Diotex, Sunrsreale, CA TTEA) consist of a GF 30 puamp,
CD 20 condoctiaty detector complete with ASRS Ultra
(2 mum, Dionex) suppressor was used Jeparat ons were
cartiedout withlonPac AS1THC (2x230 mm) ion exchange
columng and potassivwn byrdrceride as mobile phase The
irgector loop wolwne was 200 pl. Instnumert cordrol data
acgud siti o and atalysi s were carried ot with Chromeleon
Version 660 software (Dictex).

Chemicals: &A1 chemicas used were of analytica grade
atid obtained from Aldeich (Milwaukee, T5A) Standard
gock  solutions of MBAS LCAA DBAA DCAS
TBASA TCAA BCAA DECASA snd BDCAA were
prepared to a concentration of 5 mg L™ and were stahle
for approcimately 2 weeks when stored at 4°C. Wotking
standards were prepared fresh daily using deiotized
water.

Optimization for separation o fHAAS: A mivhwe of rine
HA2sz sandard solubion were itjected indo don
chrothatograph, The various concerdration of potassivm
hypdroxide eluent and the flow rate were optimized.

Linearity ranges and detection hEmits: The lineatity of
mixed standard solution (0-1000 pg L™ of rine HALs
were exatnined by using the optithm conditions of ion
chrommatograpter. The detection limits were talien as the
lowest concentration of HA As that could be determined

RESULT S AND DISCU S50

Ha Az wete analyzed by the TonPac A31TTHC column
with conductivity detection. The strongly retained amons
such as CDBAA and TBAS have intensive affinity onthe
columt, which must be usged stronger ffinity eluent

Td

Fig 1: The clromatogram of nine HaAs standard
solutions and common ions on JonPac AZ11HC
column with KOH gradierd system started from
2mMEOH for 15 minthenincreased to 55 mbd at
30 min with the flow rate 035 ml minT and heldfor
a further 25 min with the flow rate 038 mL min".
(17 fluceide ion, (2 acetate ior, (3) MIC AL (4)
MEAA (5 chloride 1oty (6) vndnowry, (7)) ritr ate,
N DCAS (MBCAA+adfate ion, (10 DEAS (11)
TCaAA (1N BDCAA (1) CDEAL (14 TBAS

(Liu and Mow 2003). In order to separate the wealkdy
retained anions such as fluoride ion, acetate ion and
MCAA | aweak eluent shod d be vsed (Sun and Gu, 2007).
Therefore, a gradient systetm of KOH mobile phase was
employed, the result found agreetm ent with the previous
study (B atrotn and Paull, 2004, The condition of mokile
phase for separated of nine HAAz were started from
2 mh held for 15 min then inereasedto 55 mMd at 30 min
with the flow rate 0.35 mL min™ and held for a further
25 min with the flow rate 038 ml min™'. The
ch cenatogram is showed in Figo 1, nine HAA s can be
sepatated with comm ot ions;, flucride, acetate and mitrate
iotr. The weally compounds (MICAS DMBASA TDCTAL
BCAA and DB ALY were eluted in 26 min atd the tightly
bond BDCAL CDBAA and TBAS were strong retained
i the columiy, therefore low intensity of two compoutds
wete obtained The pedk signal of BOAS was ovetlapped
with the sulfate ion, so the new gradiert system was
cartied outto separate. The concentr stion of KKOH started
from 20 mD and held for 10 min with the flow rate
035 mL mir' andthen increasedta 55 mId at 42 minwith
the flow rate 0.38 mL min™. The resuts fownd that the
wedkdy retained ions could not be separated and sulfate
iotwras ovetlapwith DO AL it BOA L can he separated,
as showninFig 2. For analysis of the real water samiple
that, the eight of HA Az MCAA MBAA DCAA DEAA
TCAA BDCAA CDBAA and TBAS canbe analyzed
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Table 1: Analytical performance data for HAAs and detection limits

Linearity range Correlation Detection Repeatability Reproducibility
HAAs (ug L™ Linear equation coefficient (RY) limit (ue L™ (%eRSD,n=5) (%oRSD, n=23)
MCAA T-1000 v =1.3x107X - 1.4x107* 0.9991 7 6.86 4.20
MBAA 7-1000 ¥ =0.2x1079X— 4. 71074 0.9976 7 0.90 3.32
DCAA 5-1000 ¥ =0.7x107*X — 2.4x1073 0.9871 5 2.93 3.00
BCAA 5-1000 ¥ =0.7x107X + 0.3x1073 0.9981 5 346 3.14
DBAA 10-1000 v =0.4x1074X — 4.6x107* 0.9990 10 331 1.35
TCAA 5-1000 ¥ =2.4x1074X —2.2x1073 0.9977 5 241 7.62
BDCAA 10-1000 v =0.4x107*X + 8.6x107* 0.9980 10 3.42 T.62
CDBAA 200-1000 ¥ =0.2x1074X — 4.5%107* 0.9982 170 4.57 6.58
TBAA 300-1000 v =0.2x107*X + 5.3x107* 0.9966 200 3.50 5.76
18418 water, with the two optimized gradient systems. The first
164 , optimum gradient system for separation of eight HAAs,
fg 144 \ 3 flucride, mitrate, chleride 1on was started from 2 mM KOH
2 124 / for 15 min then increased to 55 mM at 30 min with the flow
£ 104 1 rate 0.35 mL min ' and held for a further 10 min with the
g 044 ] T flow rate 0.38 mL min". The second gradient system for
06 T 5 6 '|7 | separation of BCAA and sulfate ion was started from
04+ | | 20mM and held for 10 min with the flow rate
021 0.35 mL min ' and then increased to 55 mM at 42 min with
0.0 H . .
. . . . . . . mn the flow rate 0.38 mL min . The advantage of this method
5 10 15 20 25 30 35 40

Retengion time (min)

Fig. 2: Chromatogram of nine HAAs standard solutions
on IonPac AS11HC column with 20 mM KOH for
10 min with the flow rate 0.35 mL min~" and
mereased to 55 mM at 42 min with the flow rate of
038 mL min' (1) MCAA, (2) MBAA+chloride ion,
(3) DCAA+sulfate ion, (4) BCAA, (5) DBAA, (6)
TCAA, (7) BDCAA, (8) CDBAA, (9) TBAA

with the first gradient system and BCAA should be
individual analyzed with the new gradient system.

Linearity ranges and detection limits: The linearities of
nine HAAs: MCAA, MBAA, DCAA, BCAA, DBAA,
TCAA, BDCAA, CDBAA and TBAA were 7-1000, 7-1000,
5-1000, 5-1000, 10-1000, 5-1000, 10-1000, 200-1000 and
300-1000 ug L™, respectively. The correlation coefficients
wereranging from 0.9871-0.9991. The detection limits were
7,7,5,5,10, 5,10, 170 and 200 pg 1.7, respectively. The
results are summarized in Table 1. The repeatability
(%RSD, n = 5) were in the range of 0.90-4.57% and
reproducibilities were in the range of 1.35-7.62% RSD.

CONCLUSION

Separation of nine HAAs were performed by ion
chromatograph using TonPac ASIIHC column and
potassium hydroxide as mobile phase. All of analytes
could be separated from fluoride, mnitrate, chloride and
sulfate 10n, which commonly amons occur in drinking

is simple which can direct injection without sample
preparation, high precision with the relative standard
deviation of 0.90-4.57% and showed high reproducibility
with the relative standard deviation in the range of
1.35-7.62%.

The optimum chromatographic conditions were
applied to enalysis of water samples which collected from
tap water and bottled drinking water in Maha-Sarakham
province, Thailand. The HAAs were not found in all
samples, it might be that HAAs content in water samples
were less than the detection limits. Therefore,

preconcentration method 1s necessary to develop in the
further study.
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