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Abstract

Supported liquid membrane microextraction (SLMME) with high-performance liquid chromatography (HPLC)-UV detection has been
developed for the extraction, preconcentration, and determination of all the nine haloacetic acids (HAAS) in water. The HAAs are extracted
into a supported liqguid membrane, and then back-extracted into few microliters of an acceptor solution. The extract was directly analyzed
by HPLC-UV with a 15-min run. Enrichment factors in the range of 300-3000 were obtained in a 60-min extraction, and detection limits
were at low to suhg/L level with R.S.D. values between 1.5 and 10.8%. The parameters that affected analyte enrichment were studied.
This approach offers an attractive alternative to the current US Environmental Protection Agency standard methods for HAA analysis, which
require complex sample preparation and derivatization prior to analysis by gas chromatography. SLMME can also be used in conjunction
with other analytical schemes, such as, ion chromatography and capillary electrophoresis.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction swimming poolq2], rainwater{3], surface watef4,5], and
seawatef6].
1.1. Haloacetic acids In recent years, the adverse effects of HAAs on human

health and the environment have been increasingly recog-
The presence of disinfection by-products (DBPs) in chlo- nized. These compounds are toxic to humans, plants, and
rinated drinking water has been an important issue since thein particular to alga¢7]. The US Environmental Protection
1970s when they were first identified. DBPs are generatedAgency (EPA) has classified DCAA as a group B2 com-
through the reaction of chlorine with natural organic mat- pound (probable human carcinogen), and TCAA as a group
ter (humic and fulvic compounds) and bromide (if present) C compound (possible human carcinogen). Furthermore, de-
in the source water. Trihalomethanes (THMs) are the major carboxlyation of HAAs contributes to the formation of THMs
volatile DBPs, while haloacetic acids (HAAs) make up the [4], which are also carcinogens. According to the current EPA
main non-volatile componen{d]. There are nine HAAs,  regulationg8], the maximum concentration limit (MCL) for
whose names and acronyms are giveriTable 1 In ad- the total of five HAAs (MCAA, MBAA, DCAA, BCAA, and
dition to drinking water, HAAs have also been found in DBAA) in drinking water is 6Qug/L. The EPA information
collection rule (ICR) requires water utilities to monitor the
concentration of six HAAs (the five HAAs mentioned above
* Corresponding author. Tel.: +1 973 5965611; fax: +1 9735063586,  PIUS TCAA). The determination ofthe remaining three HAAs
E-mail addressmitra@nijit.edu (S. Mitra). is voluntary yet strongly encouraged by ICR.
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Table 1 o _ o tion of the total HAAs and should not be overlooKegd]. At
Names, abbreviations, and properties of haloacetic &cids present, there is a need for a simple, inexpensive, and sen-
Full name Abbreviation Ka logP sitive method for the analysis of all nine HAAs that do not
Monochloroacetic acid MCAA 2.87 0.22 require derivatization or large amounts of organic solvents.
Dichloroacetic acid DCAA 126 0.92 The objective of this research was to develop such a tech-
Monobromoacetic acid MBAA 2.89 0.41 nique.

Bromochloroacetic acid BCAA 1.39 1.14

Dibromoacetic acid DBAA 1.47 1.693 L.

Trichloroacetic acid TCAA 0.51 1.33 1.3. Support liquid membrane

Bromodichloroacetic acid BDCAA 1.09 2.31

Dibromochloroacetic acid DBCAA 1.09 2.907 Supported liquid membranes (SLM) have been used for
Tribromoacetic acid TBAA 2.13 3459 the extraction of charged and ionizable compouiji2ds25]

& The [Ka and logP values of MCAA, MBAA, DCAA, and TCAA are The membrane liquid is a small amount of organic extractant
from [30]; the values of the other HAAs were galculated using Advanced Lalqd by capillary force in the micropores of a porous mem-
Chemistry Development (ACD) Software Solaris V4.67. brane. The water sample on the donor side of the membrane

is maintained at a certain pH, such that the analytes are in
1.2. Analysis of HAAs their uncharged, molecular form, and can be extracted into

the membrane liquid. On the accepter side is an aqueous so-

The importance of HAAs calls for sensitive and reli- lution at a different pH, into which the analytes are extracted.
able methods for their determination. The EPA Method 552 This technique offers high analyte enrichment, excellent se-
and Standard Method 6251 involve liquid—liquid extraction lectivity, and has been used in large-scale separations.
and derivatization, prior to analysis by gas chromatography In this study, an approach referred to as the support liquid
with electron-capture detection (GC—EC[9)10]. Low de- membrane microextraction (SLMME) has been developed
tection limits are attained at the cost of lengthy, cumber- forthe extraction/preconcentration of HAAs. Somewhat sim-
some extraction—derivatization procedures. The derivatiza-ilar methods have been reported for the extraction of basic
tion reagent is diazomethane, which is not only toxic and drugs from biological fluids, and phenols from wastewater
carcinogenic, but also explosive. The EPA Method 552.1 [26-28] where enrichment factors in the range of 75-380
employs ion-exchange derivatization, followed by GC anal- were possible. The present method was aimed at providing
ysis. It uses less solvent, but interference from anions can-much higher enrichment (a few thousand folds) to obtain
not be prevented without sample dilution, which increases wg/L—ng/L level detection of HAAs.
the detection limitd11]. The above methods can only an- The advantage of HPLC analysis of HAAs is that no
alyze six HAAs (MCAA, MBAA, DCAA, BCAA, DBAA, derivatization is necessary. Reversed-phase liquid chro-
and TCAA). The EPA Method 552.2 uses acidic methanol matography has been used for the determination of six HAAs
instead of diazomethane for derivatization, and can be ap-[15,16] In this study, an HPLC-UV method was developed to
plied to the determination of all nine HAA42]. However, separate and detect all the nine HAAs. As mentioned before,
it still involves the liquid—liquid extraction—derivatization the detection limits of the previously reported LC methods
approach. The overall sample preparation is lengthy and(as well as IC and CE) have been too high to be used for
complicated (3h), and the GC run time is approximately monitoring HAAs in drinking water. It was anticipated that
50 min. the sensitivity would be significantly enhanced by combining
In light of the limitations of the EPA methods, consid- SLMME with HPLC-UV.

erable efforts have gone into developing alternative tech-
niqgues. Some of these, such as the GC-MS-based meth-

ods, still require derivatization prior to analy$is3]. A few 2. Experimental

studies on derivatization—-SPME followed by GC analysis

have also been report¢®,14]. Methods that do not require A schematic diagram of the SLMME system is shown in
derivatization include liquid chromatography (L{1)5,16], Fig. 1, which is similar to the setup {27]. Two syringes were

ion chromatography (IC]J17-19] capillary electrophore-  used to hold the membrane in place. One was used to inject
sis (CE)[20], and electrospray ionization mass spectrom- the acceptor into the membrane, while the other was used
etry (ESI-MS)[21,22] ESI-MS provides excellent sensitiv-  to withdraw the extract. The liquid membrane was placed in
ity and selectivity, but high cost precludes its widespread a bottle that contained the water sample (the donor), which
use. With the reported sample preparation techniques, thewas acidified by adding concentrated sulfuric acid$@8y).
detection limits of the LC, IC and CE methods are signif- The effect of adding salt, sodium sulfate, into the sample to
icantly higher than the GC methods. Most of the alterna- increase the ionic strength was evaluated. A magnetic stir
tive methods have been used for only five or six HAAs, plate (Nuova Il, Thermolyne, 1A, USA) was used to agitate
although a few have been reported for all the nine speciesthe sample during extraction. After extraction, the acceptor
[2,13,18,21] A recent report pointed out that the three HAAs  solution was drawn into the syringe and transferred into a vial
(BDCAA, DBCAA, and TBAA) made up a significant por-  insert for HPLC analysis.
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LITI'] I-|T|-| packing (Waters, Milford, MA, USA). A Waters 486 tunable
absorbance UV detector was used for the analysis, and the
. detection wavelength was 210 nm. The HPLC mobile phase
Syringes was 15 mM KBPOy/H3PO, buffer at pH 2.2—acetonitrile

\ (95:5, viv) at flow rate of 1.0 mL/min. Minichrom V. 1.62
(VG Data Systems) software was used for data acquisition
and analysis.

3. Results and discussion
. Membrane As shown inFig. 1, the HAAs in their undissociated,
/ molecular form first diffused from the bulk donor solution
to the surface of the membrane, and then partitioned into the
membrane liquid. After migrating across the membrane, they
were extracted into the acceptor via deprotonation, where
they were ionized and could not re-enter the membrane. The
) two processes occurred simultaneously, and the overall ex-
traction was highly efficient. The concentrations of the neutral
Fig. 1. The s_chematic diagram ofSL_MME. HA, N, and Bzpresent acids, compounds remained unchanged on both sides, which im-
neutral species, and bases, respectively. plied no enrichment. Basic compounds were in the charged
o form in the donor and were not extracted. Therefore, the
2.1. Supported liquid membranes SLMME in this study provided both high enrichment and

o ] ) high selectivity for the acidic compounds.
The supported liquid membrane (SLM) used in this study  “a¢ equilibrium, the mass balance in SLMME can be writ-
was made by impregnating a segment of microporous hollow o, 44

fiber with a membrane liquid for a period of 10 s. The mem-
brane pores were automatically filled with the liquid. The ¢,vp = CwVp + CmVm + CaVa (1)
excessive liquid was replaced by injecting microliters of the

acceptor (NaOH or buffer solution) into the membrane lu- C; is the initial analyte concentration in the donor prior to
men. Two types of polypropylene microporous hollow fiber extraction,Cy, Cu, andCa are the equilibrium analyte con-
membranes were used to make the SLM. One was Celgardcentrations in the extracted sample, membrane, and acceptor,
X20 (Hoechst Celanese, Charlotte, NC, USA). It had an i.d. respectivelyVp, Vu, andVa are the volumes of the donor,

of 400pm and an o.d. of 46@m, with an average pore size membrane, and acceptor, respectively.

of 0.03um and porosity of 40%. The other was Accurel PP Kp is the partition coefficient between the membrane and
Q 3/2 (Membrana, Wuppertal, Germany). It had an i.d. of the donor, andy is the partition coefficient between the
600p.m and an o.d. of 100@m, with an average pore size membrane and the acceptor:

of 0.2pm and porosity of 75%. The membrane liquids tested

Donor (water with HAA )

|~ Stir Bar

(

were di(2-ethylhexyl) phosphate (DEHPA) and dihexyl ether g = Cwm (2)
(DHE). The effect of adding trioctylphosphine oxide (TOPO) Cwap
into DHE on the extraction was also investigated. Cwm
Kp = 3)
Caaa

2.2. Reagents and instrumentation
Kp andKpa are of the same order if the ionic strengths in
Nine standard solutions were purchased from Supelco the donor and the acceptor are not significantly different, and
(Supelco Park, PA, USA), each of which contained an in- @D andap are the fractions of analyte in the undissociated
dividual HAA. All other chemicals used in this study were form in the donor and the acceptor phases. It is desirable to
ACS reagent grade (S|gma, St. LOUiS, MO, USA) Deion- haVEOlD close to 1, andVA to be a very small number. For
ized water was obtained from a Milli-Q water purification the extraction of weak acids, the donor pH must be at least
system (Millipore, Bedford, MA, USA). The microsyringes 2 PH units lower than thek, of the acid, so thakp >0.99.
were from Hamilton (Reno, NV, USA). The 150-glass To achievexp <0.0005, the acceptor must be at least 3.3 pH
vial inserts were bought from Fisher Scientific (Pittsburgh, units higher than thel, value[29].
PA, USA). The extraction efficiency (EE) is defined as the fraction of
A Hewlett-Packard 1050 HPLC system with an autosam- analytes extracted, and is given as:
pler was used for the analysis. The HPLC column was a CaVa
150 mmx 4.6 mmi.d. YMC ODS-A Gg column with 3um EE = CiVo

4)
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The enrichment factor (EF) is defined as the ratio of the an-
alyte concentration in the acceptor to that in the initial water
sample:

EF= A _gg( o ®)

C Va

WhenVp/V, is fixed, according to E(5), EF is proportional
to EE. Combining Eqq1)—(4), the EE at equilibrium can be
written as:

1
~ (eaVDKA)/(@pVAKD) + (@aKaVi)/Va + 1

Combining Eqs(1)—(3) and (5) the EF at equilibrium can
be written as:

EE (6)

1
F =
(@aKp)/(@pKD) + (@aKaVM)/ VD + Va/ VD
Becausep isapproximately 1, and Ka andKp are assumed
to be similar, Eqs(6) and (7)can be simplified to obtain
maximum enrichment and extraction efficiency as:
1
(@aVD)/ VA + (@aKAVM)/ VA + 1
1

oA + (@aKaVMm)/ Vb + Va/ Vb
Eq.(8)indicates that in order to achieve a high kx,should
be small. The maximum possible EE is 1 (100%). According
to Eq.(9), a smallay is also necessary for a high EF. EF
decreases with the increaseWa, and increases with the

increase irfVp, The maximum possible EF equals/Va.
Higher EF is desired to obtain lower detection limits.

()

EEmax = (8)

EFmaX ==

©)

D. Kou et al. / J. Chromatogr. A 1055 (2004) 63-69

The “salting-out effect” has been used in liquid-liquid ex-
traction. It refers to increasing the ionic strength of an aque-
ous solution to lower the solubility of organic compounds in
water. This increases the partition coefficiekp]. In this
research, sodium sulfate was added to the water to “salt out”
the HAAs. Salt concentrations from 0 to 40% (w/w; 288,
in water) were tested. At 40%, the salt solution was near sat-
uration. It was found that increasing the salt concentration
resulted in higher ER=ig. 2shows that the EF increased two
to six times (compound dependent), when the salt concentra-
tion increased from 0 to 40%.

Stirring was found to improve extraction efficiency, be-
cause it increased the mass transfer coefficient in the donor
phase. When the stirrer setting (arbitrary units) increased
from 0 to 5, EF increased in the range of two to nine times,
with more increase for HAAs with higher hydrophobicity
(as indicated by the log values inTable 1. This is in agree-
ment with the analysis that compounds with higkgr(more
hydrophobic) are more sensitive to the mass transfer in the
donor phase. The enrichment factor was also a function of the
donor volume. A larger volume sample contained more ana-
lytes, and resulted in higher EF. Under similar conditions, the
EF obtained with a 210 mL sample was approximately three
times that with a 60 mL sample. Sample availability is gen-
erally not an issue in tap water analysis, and a larger volume
can be used to obtain higher EF and lower detection limits.

The enrichment factor was directly related to the acceptor
volume. The smaller the volume, the higher was the EF. An
acceptor volume of 3L was adequate for a 30L HPLC
injection. Acceptor volume of 1AL was also used in some
experiments, and the extract was then diluted ta.Bdor

Therefore, the extraction should be optimized to provide the HPLC analysis. When NaOH solution was used as the ac-
highest EF. The time required to reach the maximum en- ceptor, the concentration in the range of 0.002 and 0.2M
richment depends on several factf29]. The overall mass
transfer resistance is the sum of mass transfer resistance in the y
bulk donor solution, the donor—-membrane boundary layer,
the membrane, the membrane—acceptor boundary layer, an
the acceptor. For compounds that have a l&gethe mass
transfer in the donor phase is the rate-limiting step. For com-

pounds that have a smaflp, the extraction speed is con- ——MBAA
trolled by the mass transfer in the membrane. When donor —8—DCAA
conditions are the same, extraction is faster for compounds —A—BOEAA
. = —6—DBAA
with a largerKp. = i
—¥—TCAA
—8—BDCAA
3.1. The effect of the donor and the acceptor —O0—DBCAA
—A—TBAA

Concentrated sulfuric acid ¢$04) was added to the wa-
ter sample to lower its pH to a level at which the HAAs were in
the uncharged, molecular form. ThEpvalues of the HAAs

are listed inTable 1 When 6.0 mL of concentrated280,

was added to 100 mL water, the sample pH dropped to about

—0.3, which was only one unit below th&pvalue of most
HAAs. Further addition of SO, improved the EF, because
atlower pHp was closer to 1 and more HAAs existed in the
extractable form. The EF almost doubled when the amount
of HoSOy added to 100 mL water was doubled to 12.0 mL.

40

50

30

10
Weight Ratio (%) of Na2SO4 to Water

20

Fig. 2. Enrichment factor as a function of M&0, concentration. A 8.5cm

of X20 membrane was used; the donor was 20 mL of water containing
40-400u.g/L HAAS; the acceptor was 10L of 0.01 M NaOH; and the ex-
traction time was 30 min at stirring setting 3.



D. Kou et al. / J. Chromatogr. A 1055 (2004) 63-69 67

had little effect on the EF. This was because the pH at the 4000
lowest concentration was more than 3.3 units above ke p
values of the HAAs, and the corresponding was smaller 3500 |
than 0.0005. However, when the analyte concentrations are

high, the pH of the acceptor solution may drop as the an- |

alytes accumulate in the acceptor. To increase the reservoit 55y | :[B)E::
capacity of the acceptor solution, higher NaOH concentra- . e
tion is preferable. However, concentration higherthan 0.2 M = 2000 —B—TCAA
might damage the HPLC column and was therefore avoided. —¥—BDCAA
A 0.05M Tris buffer at pH 10 was also tested as the accep- "% || —e—DBCAA
tor solution. It was found to have more capacity than NaOH = TRAA

1000
solution, and the linear dynamic range was broader with the

Tris buffer. 500 |

3.2. The supported liquid membrane 0

0 2 4 6 8 10
TOPO Concentration (%)

Two types of microporous membranes were tested in this
study. Under ,the Sa_‘me conditions used In-our exp":}nmems’Fig. 3. Enrichment factor as a function of TOPO concentration in the mem-
where extractions did not reach equilibrium, the EF of HAAS  prane. A 12.5cm of PP Q membrane was used: the donor was 230 mL of
with the Celgard X20 membrane was found to be nearly water containing fg/L HAAs; the acceptor was 30L of 0.2 M NaOH;
twice that with the Accurel PP Q 3/2. When the acceptor vol- and the extraction time was 60 min at stirring setting 9.
ume was 3L, the contact area between the membrane and
the aqueous phases was approximately 138 foma 25 cm NaOH concentration in the acceptor. This can be explained by
X20 membrane, and 200 nfnfor a 12.5cm Q 3/2 mem- thefactthat TOPO s an effective hydrogen-bonding reagent.
brane. The higher EF with X20 was attributed to its thinner A certain OH" concentration was necessary to break the hy-
walls, where mass transfer was faster. Therefore, the thinnerdrogen bond between TOPO and the HAAs, so that the acids
membrane was preferable for faster extraction. However, thecould be released into the acceptor. Another interesting phe-
thicker membrane was mechanically stronger, less susceptinomenonwas thatwith TOPO inthe membrane, adding saltto
ble to bending, and was easier to work with, especially when the donor notonly failed to increase the enrichment factor, but
a |arger acceptor volume required a |onger membrane. also had a negative effect. For example, when the membrane

Dihexyl ether and di(2-ethylhexyl) phosphate were tested contained 5% TOPO and the acceptor NaOH concentration
as the membrane liquid. The enrichment factors for HAAs was 0.2 M, increasing the N80, concentration in water to
with DHE were an order of magnitude higher than those with 40% (w/w) decreased the EF to 50% of what was obtained
DEHPA, so DHE was used in the rest of the study. It had been Without any salt. Another impact of TOPO was that with 1%
reported that the addition of trioctylphosphine oxide into the 0f TOPOinthe membrane, the EF remained unchanged when
membrane liquid could increase the EE of polar anaf&k the ratio of sulfuric acid to water in the donor was doubled
F|g 3 shows that the EF increased Significanﬂy when the from 6:100 (V/V). This was also contrary to the observations
TOPO concentration was increased from 0 to 5%. The level when a pure DHE membrane was used. These behaviors of
of increase depended upon the polarity of the HAAs. A more the membrane with TOPO are yet to be understood.
polar compound showed a larger increase in EF. When TOPO The enrichment factor increased with the extraction time.
concentration increased from 5 to 10%, the EF of the more The increase was almost line&ig. 4 shows that the EF in-
polar (DCAA, BCAA, and DBAA) compounds continued ~creased two to four times, when the extraction time increased
to increase, while the EF of less p0|ar Compounds (TCAA, from 30 to 90 min. Sixty minutes extraction was accepted as
BDCAA, DBCAA, and TBAA) decreased. Moreover, inter- & compromise between a high enrichment and a relatively
ferences in the chromatogram increased when TOPO concenshort extraction time.
tration was higher than 5%. Therefore, 5% was chosen to be
the optimum TOPO concentration in the membrane liquid. 3.3. Analytical performance

The presence of TOPO significantly changed the behav-
ior of the membrane. As mentioned before, the EF was not  Anisocratic HPLC method was developed for the separa-
affected by the acceptor NaOH concentration in the range tion of all the nine HAAs within 15 min. It was observed that
of 0.002-0.2M, when a pure DHE membrane was used. the purity of the membrane liquid was critical for the pre-
However, when the membrane contained 5% TOPO, no cision and accuracy of the analysis. Initially, DHE of 98.9%
HAAs could be extracted at a NaOH concentration lower purity was used, and the SLMME of the blank (reagent water)
than 0.05 M. With 10% TOPO in the membrane, the mini- contained two large interfering peaks. Since DHE is insolu-
mum NaOH concentration needed was 0.2 M. In other words, ble in water, one possibility was that the interferences were
higher TOPO concentration in the membrane required highercaused by the impurities in DHE. When DHE of 99.1% pu-
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—l— MBAA
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—X—BCAA
—K—DBAA
—8—TCAA
—e—BDCAA
—&—DBCAA
—O—TBAA
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Fig. 4. Enrichment factor as a function of extraction time. A 8.5 cm of X20
membrane was used; the donor was 20 mL of water containing 4Q-gfQ0
HAAs; the acceptor was 0L of 0.03 M NaOH; and the extraction was at
stirring setting 5.
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consistency, blank subtraction was a viable approach in quan-
titative measurement. There was also a small peak coeluting
with BDCAA. However, it was at such a trace level that its
peak area was even much smaller than that ofu@/4t BD-
CAA. Its impact on analytical results is negligible consider-
ing HAAs are present in tap water usuallyed/L levels.

The following SLMME conditions were used for the
spiked samples and the blankdig. 5 The donor was 236 mL
of water mixed with 14 mL of concentrated sulfuric acid. The
acceptor was 3QL of 0.05M Tris buffer solution at pH 10.
The membrane was 10.8 cm PP Q 3/2, with DHE containing
5% TOPO as the membrane liquid. The extraction time was
60 min and the stirring was at setting 9. Enrichment factors
in the range of 300—3000 were obtained, demonstrating the
effectiveness of SLMMETable 2lists the method detection
limits (MDLSs), EFs, EEs, linear dynamic ranges, precisions,
and method accuracies obtained under the same conditions
as those foFig. 5. The EFs were proportional to the EEs, and
this is in agreement with E¢5). The MDLs were lower than
or comparable to those by EPA method 552.2 for most of the
nine HAAs. The MDL of MCAA was higher than that by the
EPA method. There are two main reasons for this. One is that

rity was tested, this explanation was confirmed. The higher at210 nm the detector response to MCAA is the lowestamong
purity ether showed less interference, and the base line noiseall HAAs. The other is that EF of MCAA is also the lowest,
was also lower. The purer DHE was used in the rest of the partly due to its highest hydrophilicity. Its octanol-water par-

study.
Fig. 5is an overlay of chromatograms of SLMME of
spiked water sample containingg/L—subu.g level HAAs,

tition coefficient is considerably lower than the other HAAs
(seeTable J).
The developed SLMME-LC method was tested with real

direct injection of a standard solution without SLMME, and world samples. Tap water from Newark, NJ, USA was an-
SLMME of a blank (reagent water). It should be pointed out alyzed.Fig. 6 shows such a chromatogram obtained under
that even using the purer DHE there was still an unknown the same conditions as those feig. 5. External calibra-
peak that coeluted with DCAA. This interfering peak was tion was used for quantification. The blanks, standards, and
from an impurity in the DHE, not from the blank, because it samples were processed under the same SLMME conditions
was not present when DHE from the other source was used.and procedures. Blank subtraction was performed for the
This peak existed in all blanks, standards, and samples thadetermination of DCAA. Although there were some other
underwent SLMME, with consistent peak areas. Given this unknown peaks in the chromatogram, their levels were low
and did not interfere with the quantification of other HAAs.
Five HAAs, MCAA, DCAA, TCAA, DBCAA and TBAA,
were identified, and their concentrations were determined
to be 14.5, 4.43, 0.41, 12.8, and O@/L, respectively.

MV
ol

14.04
13.0
12.04

11.04——

“ I

Vi ' foo@A
| M b J N TN A

I n ;’ 4u : 7 i AL
10.01 17 3 6 8
9.0 L
8.0] \Mu_m_,\ R e S —

0 2 4 6 8 10 12

BDCAA

(B) 9

70 7_‘_—J DCAA

14 Mins Tap Water

‘ N((‘A,-\

L Noddac,  Jla Toa TBAA
Fig. 5. Overlay of chromatograms of: (A) SLMME of spiked water sam- -
ple containing 8.41g/L MCAA, 2.41.g/L DCAA, 4.4pg/L MBAA, and
the other six HAAs at 0.4g/L each; (B) direct injection of a standard so-
lution containing nine HAAs at 1 mg/L each; and (C) SLMME of a blank
(reagent water). The numbered peaks in the chromatograms are: 1 = MCAA, Fig. 6. Overlay of chromatograms of a blank and a tap water sample from
2=DCAA, 3=MBAA, 4=BCAA, 5=DBAA, 6=TCAA, 7=BDCAA, Newark, NJ, USA. Both were obtained by SLMME-HPLC-UV under the

8=CDBAA, and 9=TBAA. same conditions as iRig. 5.

Blank (Reagent Water)



D. Kou et al. / J. Chromatogr. A 1055 (2004) 63—-69 69

Table 2
Analytical performance of SLMME-HPLC-UV

MDL by EPA Method MDL EF EE Linear dynamic Linear regression R.S.D. Accuracy

552.2[12] (ug/L) (ng/L)? (%) range (1g/L) coefficient (%)P (%)P
MCAA 0.273 2.69 324 B9 8.4-20 1.000 18 945
DCAA 0.204 0.25 1413 19 2.4-40 0.997 D 661
MBAA 0.242 0.23 366 89 4.4-40 0.997 2 788
BCAA 0.251 0.04 1153 13 0.4-20 1.000 8 818
DBAA 0.066 0.06 1260 13 0.4-20 1.000 LY 943
TCAA 0.079 0.05 2411 29 0.4-40 0.999 4 800
BDCAA 0.091 0.02 1910 29 0.4-20 1.000 5 1008
DBCAA 0.468 0.02 1250 19 0.4-20 1.000 yi] 865
TBAA 0.82 0.03 3298 3% 0.4-20 1.000 3 739

@ The method detection limit (MDL) was obtained following a standard EPA procg@dje
b The relative standard deviation (R.S.D.) based on seven replications was obtained at concentrations of 8.4, 4 4gAnfb®MCAA, MBAA, and
DCAA, respectively, and 0.4g/L for the rest of the HAAs. Method accuracies were obtained using spiked water samples at the above concentrations.

This demonstrates excellent selectivity and sensitivity as the [7] R. Kuhn, M. Pattard, Water Res. 24 (1990) 31.
SLMME-HPLC-UV technique was applied to drinking wa-  [8] United States Fed Reg. 59 (1994) 33832.

ter, the most common sample for HAA analysis [9] J.W. Hodgeson, J. Collins, R.E. Barth, EPA Method 552, US Envi-
’ ' ronmental Protection Agency, Cincinnati, OH, 1990.
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HPLC WIFh_ 15min of run t'me', Th'S_ methOd showed excel- [17] L.M. Nair, R. Saari-Nordhaus, J.M. Anderson Jr., J. Chromatogr. A
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