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Abstract

Non-aqueous capillary electrophoresis (NACE) with large-volume sample stacking injection using the electroosmotic flow pump (LVSEP)
has been developed for the determination of tetrabromobisphenol A (TBBPA) and other phenolic compounds in environmental matrices.
Methanol has been used as run buffer solvent to reduce the electroosmotic flow (EOF). Identification and quantification of the analytes was
performed by photodiode array ultraviolet detection. LVSEP—NACE improved sensitivity of the peak height by 90-300-fold. The method
developed was applied to the analysis of TBBPA in river water and wastewater samples, using solid-phase extraction (SPE) as sample
pretreatment process. The average recoveries of the analytes were in the range of 96-106% and 73-103% for 1 L of river water and 0.5 L of
wastewater samples, respectively. When the method was based on off line SPE-LVSEP—-NACE, sensitivity was improved by 3300—4500-fold
and 1600-2200-fold for river water and wastewater samples, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction have been received attention from chemists and biologists
because they are both lipophilic and persistent, some of
Some organic halogenated compounds are widely used bythem are either known or suspected endocrine disruptors,
industry as flame retardant additives in different polymeric and have the ability to bioaccumulate in the food chain,
materials, like plastics, electronic applications, to protect being a potential environmental and human health problem
products from catching fire. Halogenated flame retardants[3].
represent about 45% of the world-wide productjah and Chromatographic techniques have been employed for the
within this group, tetrabromobisphenol A (TBBPA) is the analysis of polymer additives, being gas chromatography
most commonly used, as well as some brominated phenolicpreferred[4,5]. Due to the low concentrations as additives
compounds, such as 2,4,6-tribromophenol (2,4,6-TriBP) and present in a large variety of environmental matrices, differ-
pentabromophenol (PeBP). ent sample pretreatment processes, like extraction and pre-
These chemicals can be released to the environment durconcentration, are needed before its separation, detection and
ing industrial processes, during the entire life-time of the quantification.
flame-retarded product and after dispd2il Recently, they Capillary electrophoresis (CE) has been proven to be an
efficient technique for the separation of charged species. The
mpondmg author. Tel.: +34 981 563100x14269; applicatiqn of organic solventsin CE_as an alternativ_e toaque-
fax: +34 981 547141. ous solutions has been constantly increa$idg]. This an-
E-mail addressgnmamen@usc.es (M.C. Mejuto). alytical technique usually permits the use of simpler sample
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pretreatments than others, although CE applications are of-2.2. CE analysis
ten limited by sensitivity. To overcome this problem, some
authors use CE with sample concentration directly onthe cap-  Capillary electrophoresis was performed using &HP
illary (on-column stacking). These techniques include field- system (Hewlett-Packard, Waldbronn, Germany) equipped
amplified methods that are based on conductivity differenceswith an on-column diode array detection (DAD) system. Ab-
between the sample and the electrophoretic medium, such asorbances at210and 230 nm (direct UV detection) were mon-
large-volume sample stacking injection using the EOF pump itored for the detection of the analytes. The migration order
(LVSEP)[6,8,9]. This on-column concentration could stack was determined by injecting the individual solution of each
trace amounts of negatively charged species without polarity compound and by the spectral comparison of each peak in
switching, and enhanced the sensitivity in comparison with electropherograms with an UV spectra library.
hydrodynamic injection. The electrophoretic mobility of the Uncoated narrow-bore silica capillary (supplied by Com-
sample ions must be greater than and opposite to the EOFposite Metal Services, UK) with an effective/total length of
during both sample stacking and subsequent separation pro61.5/70 cm and 7hm i.d. was used. The capillary was ther-
cesses, so that they can proceed consecutively under the sammaostated to 25.0C. A Chrompack RTE-110B external water
voltage[8]. bath was used for thermostating the samples ta@25
In this work, a new method for the determination of Standards and samples were injected hydrodynamically
TBBPA and other phenolic compounds in environmental by applying a pressure of 50 mbarfor2 sand 300 s, depending
matrices by non-aqueous capillary electrophoresis (NACE) on the experiment, and the applied voltage for separation was
coupled to photodiode array ultraviolet detection has been —30KkV, unless otherwise stated.
developed. It has been used LVSEP, with methanol as the run  New capillaries were rinsed with 1 M sodium hydroxide
buffer solvent to reduce the EOF. Finally, to test the applica- for 20 min. Before injections, capillaries were conditioned
bility of the developed method, river water and wastewater by washing them with 0.1 M sodium hydroxide for 5min,
samples extracted by SPE were analysed. Milli-Q water for 5 min, and 15 min with the separation elec-
trolyte. After each run (once the electrophoretic separation
has finished) the capillary was flushed with organic solvent
corresponding to the electrophoretic medium for 5min and

2. Experimental with Milli-Q water for 5min. The inlet and outlet of the cap-
illary were kept overnight in Milli-Q water.
2.1. Reagents and materials Methanol was assayed as solvent for non-aqueous back-

ground electrolyte preparation. Sodium tetraborate, being

Methanol (HPLC gradient grade), ethyl acetate (for liquid readily soluble in methanol, was used as electrolytic salt. The
chromatography), acetone (for gas chromatography), hexaneapparent pH (pkhp) [10] of the solution was 9.4, adjusted by
(for organic trace analysis), and acetic acid glacial were ob- addition of a sodium hydroxide solution, and measured using
tained from Merck (Darmstadt, Germany), dimethyl sulfox- a Metrohm 654 pH-meter (Herisau, Switzerland) calibrated
ide (DMSO) (HPLC gradient grade) from Aldrich (Madrid, with aqueous standard buffer solutions. This solution was
Spain), and hydrochloric acid from Prolabo (Fontenay- prepared freshly each two days, sonicated in a P-Selecta ul-
Sous-Bois, France). 2,4,6-Tribromophenol (99%), pentabro- trasonic bath (Barcelona, Spain) for at least 4 min and filtered
mophenol (96%), tetrabromobisphenol A (97%) and tetra- through a membrane of 0.22n pore size. Every day all re-
chlorobisphenol A (TCBPA, 98%) were obtained from maining solutions were filtered through a O syringe
Aldrich. 2,6-Dibromophenol (2,6-DiBP, 97%) was from filter before use.
Fluka (Buchs, Switzerland). Sodium tetraborate decahydrate  Data acquisition was done by means offiEhemStation
and sodium hydroxide were supplied by Merck (Darmstadt, Software (Rev. A.06.01[403]) (Hewlett-Packard, Waldbronn,
Germany). Ultrapure water was obtained from a Milli-Q sys- Germany). Statistical analysis of the response variables were
tem purchased from Millipore (Bedford, MA, USA). supported by the statistical graphics software system Stat-

Stock solutions of each phenol derivative were prepared graphics Plus 3.3 (STSC, Rockville, MD, USA).
at 4000.g/mL in methanol. Chemical mixture standards for Oasis SPE cartridges were dried using a Turbo-Vap I
calibrations were dissolved in methanol to appropriate con- Nitrogen Evaporator supplied by Zymark (Hopkinton, MA,
centration levels. All solutions were refrigerated &C4and USA).
protected against daylight. These solutions were used to make
daily working standards solutions by appropriate dilution.  2.3. Sample preparation

Cellulose ester membrane filters (SMWP, 47 mmn®
HAWP, 47mm, 0.4%wm), Durapore membrane filters An off-line solid-phase extraction (SPE) step was used
(GVHP, 47 mm, 0.22um), and Durapore Millex syringe fil-  to cleanup and preconcentrate the samples before analysis.
ters (SLHV, 25 mm, 0.45.m) were supplied from Millipore. Environmental water samples were collected in a river and
Oasis SPE cartridges (HLB, 60 mg, 3mL) were obtained a wastewater-treatment plant near Santiago de Compostela
from Waters (Milford, MA, USA). (NW Spain).
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Milli-Q water and real water samples, non-spiked or system. For these reasons, it was chosen as the run buffer
spiked with the appropriate standard, were acidified when solvent.
needed at different pH values between 2.5 and 6.8 with hy-  Some parameters affecting the electrophoretic separation
drochloric acid. They were filtered through 048 cellulose were studied with a test mixture of the studied compounds,
ester membrane filters before the SPE to eliminate partic- being salt concentration, electrolyte gig and capillary and
ulate matter (in some cases, for influent wastewater sam-solutions temperatures the most important.
ples with high content of particulate matter, samples were  All of the compounds under investigation have weakly
prefiltered through pm membrane filters). We used Oa- acid hydroxyl groups, so capillary zone electrophoresis
sis SPE cartridge columns from Waters packed with 60 mg (CZE) at high or moderate pH might be suitable for their
of polystyrene—divinylbenzene (PS—DVB) sorbent. Three or- determination. Thelg, values in water of the bromophenols
ganic solvents were assayed as eluents: methanol, ethyl acand halogenated bisphenols considered range from 4.4 and
etate and acidified hexane (containing 2% acetic acid). The8.5[14-19] which means that at a pH value over 8.5 they
SPE Oasis cartridges were conditioned by passing 4 mL of or-are expected to be all at least partially dissociated, present
ganic solvent, 4 mL of acetone (in the case of solvent incom- in their anionic forms and therefore ready for CE analy-
patibility with water) and 4 mL of Milli-Q water at adequate sis. But this only gave us an idea for choosing the starting
pH. After that the water sample was loaded trough the car- experimental conditions, because the soKgenay change
tridge, then the cartridge was washed with 10 mL of Milli-Q for organic solvents by some orders of magnitude, and their
water at the corresponding pH, and then dried under nitrogenvalues are unknown. So, optimum electrolyte ;piiwas
stream for 45 min at a pressure of 12 psi (1 psi=6894.76 Pa).determined by testing values in the range of 8.6 and 9.6,
The analytes trapped on the column were eluted with organic obtaining better results at 9.4. Working at lowerggpival-
solvent. ues the analysis time was too long, and at highegpgMal-

In all cases, in order to determine the optimum elution ues the separation was incomplete, and some compounds
volume, eluent was subdivided in 1 mL fractions that were coeluted.

subsequently subjected to CE analysis. Electrolyte concentration depends on separation require-
ments. In earlier investigations, three levels of molarity of
2.4. LVSEP the running buffer were assayed: 20, 30 and 40 mM sodium

tetraborate in methanol. As could be expected, the resolu-

All analytes were dissolved in methanol and introduced tion was improved with the decrease in the ionic strength
hydrodynamically into the capillary with a pressure of because of the EOF increasing and the apparent solute mo-
50 mbar for 300 s, unless otherwise stated. After sample in- bility decreasing, at the expense of higher analysis time.
jection, a negative voltage 6f30kV was applied for both ~ Best results were reached by using a concentration elec-
sample stacking and subsequent separation. Fresh electrolytgolyte salt of 20 mM, with an analysis time lower than
and sample solutions were always used for each injection.30 min. So, a 20mM solution of sodium tetraborate in
The compounds, which are present in the anionic form at the methanol adjusted at pls, 9.4 was finally chosen as running
pHapp of the background electrolyte (9.4), migrate to the de- buffer.

tection window by their own electrophoretic mobility while In first runs, capillary and sample tray temperatures in the
the EOF moves in the opposite direction because they wererange of 18.5 and 253 were tested. Although at 18&
injected on the cathodic side. somewhat better results as for resolution for the pair 1 and 2

(for peak assignation sdgg. 1) were obtained, in general,
it is not easy to consistently maintain this temperature under

3. Results and discussion usual laboratory conditions so 250 was the temperature
finally chosen.

3.1. Separation by non-aqueous capillary Fig. 1(A) shows the separation of the standard mix-

electrophoresis ture in the optimised conditions. As it can be seen, all

the analytes were baseline separated. Electroosmotic mo-

In NACE, the nature and properties of the organic sol- bility (ueo) and effective electrophoretic mobilitiegedr)
vent have the strongest influence on the separation effi-of the analytes were evaluatede, was measured using
ciency and resolutiofi.1]. Methanol is the most commonly DMSO as EOF marker and in positive polarity. Negative
used organic solvent in CFL2). It has favourable prop-  values ofuef were in the range 0f-2.72x 10~* for 2,4,6-
erties, such as dielectric constant, viscosity, and a useful TriBP and—2.16x 10~%cm?V~1s~1 for TCBPA, and were
UV range for detectiorf13], it is an appropriate solvent higher (absolute values) tham, of methanol run buffer
for common electrolyte salts, and allows LVSEP as field- (1.27x 10-*cm?V~1s71). So, under these conditions, these
amplified technique of on-line concentration in NACE (see anionic compounds could reach the detector placed on the an-
the next section). Moreover, is a usual solvent used as ex-odic side of the capillary.
tractant in many sample pretreatment processes, like SPE, Linearity, precision, and detection and quantification lim-
allowing the direct injection of the extracts in the NACE its (LODs and LOQs) were evaluated in order to assess the



208 E. Blanco et al. / J. Chromatogr. A 1071 (2005) 205-211

5
A 1 3 N ; 0
2 A -
i Je_ A
- -10
20 -
<
=
215 §
3
Q
10 B
o]
Ll
5
0

Migration time(min)

Fig. 1. Electropherograms of standard solutions in methanol of the five compounds in study in concentrationuaf/(d) 2nd (B) 0.3ug/mL. (C) Electric
current during the LVSEP process. Running buffer: 20 mM sodium tetraborate at apparent pH 9.4; capillark 78¢m i.d.; applied voltage=-30KkV;
detection: 210 nm; capillary and sample tray temperaturé C2Hiydrodynamic injection: (A) 50 mbar by 2's, (B) 50 mbar by 300s. Peak designation: (1)
2,4,6-TriBP, (2) PeBP, (3) 2,6-DiBP, (4) TBBPA, and (5) TCBPA.

performance of this electrophoretic method under the opti- 3.2. LVSEP in the methanol run buffer

mal conditions established. Results have been summarized in

Table 1 Calibration curves were linear in the concentration The sensitivity achieved with the NACE developed
ranges studied (from 500 to 10,0Q0/L), and the correla-  method previously described can be improved significantly
tion factorr values were higher than 0.999 for all the com- by concentrating the samples directly on the capillary us-
pounds. Precision was examined by performing six replicate ing LVSEP. When methanol was used as the running buffer
injections of a mixture of the analytes at a concentration of solvent, appropriate suppression of EOF and an increase in
2mg/L for all compounds, in the same day (repeatability) the electrophoretic mobilities of the anionic analytes made
and in different days (reproducibility), and were in the range LVSEP possiblg6].

3-8% R.S.D. in analyte response. The LODs and LOQswere  The capillary was (c.a. 95%) filled with the sample so-
calculated considering peak height and signal-to-noise ratioslution in methanol when 300 s were used as hydrodynamic

(S/N) of 3 and 10, respectively. injection time. After injection, the methanol matrix was

Table 1

Regression analysis, LODs and LOQs of NACE methods developed in standard solutions

Method Compound Calibration curves Slope standard error Intercept standard error  pg@IF(  LOQ (ng/L)?

NACE, tinj =2 & 2,4,6-TriBP  y=4.42%+0.504 0.028 0.145 125 416
PeBP y=3.07k+0.394 0.025 0.129 135 450
2,6-DiBP y=5.32+0.528 0.038 0.194 130 433
TBBPA y=8.26X+0.535 0.080 0.403 146 485
TCBPA y=12.746+0.883 0.118 0.594 84 280

LVSEP-NACE tinj =300¢  2,4,6-TriBP  y=0.69%+8.528 0.016 3.043 A4 46
PeBP y=0.47%+6.312 0.015 3.156 I 55
2,6-DiBP y=0.504+5.398 0.011 2.145 ] 13
TBBPA y=0.88%+5.295 0.016 3.261 B 16
TCBPA y=1.24%+24.324 0.043 9.808 0 13

LVSEP-NACE iy =30¢ 2,4,6-TriBP  y=81.157x% 1553  0.663 1.830 16 386
PeBP y=51.70%+0.378 0.329 0.901 18 454
2,6-DiBP y=8.624+0.934 0.166 0.400 9 323
TBBPA y=12.11%-0.143  0.183 0.500 12 396
TCBPA y=15.96%+0.160 0.177 0.481 B 252

2 L.OD: S/IN=3; LOQ: S/N =10; detection at 210 nm, except of PeBP at 230 nm.
b tinj = injection time; other CE conditions asfig. 1
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removed by the EOF pump while the anions were stacked o
under the electric field of reverse polarity-e80 kV, because
of the differences in conductivity between the sample and the
electrophoretic medium. As the capillary was filled with the
run buffer of high conductivity, the overall EOF became fur-
ther reduced due to the increased ionic strength. When the § 400
EOF and the electrophoretic velocities of analytes were bal- © iy
anced, the migration direction of the stacked analytes was g - .
switched toward the detector, and thus the separation of the " 246TiEP PeBP 26-DiBP TBBPA TCBPA
highly stacked sample occurs.

Fig. 1(B) shows the separation and the enhancement in

sensitivity achieved using LVSEP-NACE. The process of Fig. 2. Effectof the water sample pH on SPE recoveries in the analysis of 1 L

remoying the meth_and_plug out of the capillary imposed ofriver water samples spiked at a concentrationgf_ for all compounds.
the differences in migration times between the electrophero-

grams A and B. The mobile anions in the inlet buffer vial, pH has not significance in the overall efficiency of the SPE
such as borate ions, were also injected hydrodynamically andprocess as can be seenHig. 2 This means that samples
stacked at the concentration boundary while the methanolcan be processed without pH adjustment. Moreover, since
plug was being removefB]. In the electropherogram the lower pH values favour the adsorption of matrix components
peak corresponding to borate is identified by the symbol *. in samples (mainly humic and fulvic acids) on the polymeric
Fig. 1(C) shows the electric current during the LVSEP pro- sorbent, it is advisable to not acidify the samples before ex-
cess. The intensity of the electric current increased rapidly traction[11,20-22]
(in absolute values) for nearly 5 min, while the sample ma-  Three solvents of different polarity, methanol, ethyl ac-
trix was removed and the ionic strength of the medium in the etate and hexane acidified with 2% of acetic acid, were
capillary increased te-44 A, close to the value registered assayed as cartridge eluting solvents in the SPE process.
when the capillary was filled with the run buffer. Then the Acidified hexane is the less favourable approach because the
current stabilised, indicating that most of the methanol sam- need of evaporation and solvent exchange due to incompat-
ple matrix was replaced with the run buffer, and the analytes ibility with the solvent background electrolyte. This solvent
were stacked at the beginning of the capillary, reversing their was soon abandoned in the view of its low efficiency to elute
migration direction towards the outlet vial overcoming the the analytes retained in the cartridge. Ethyl acetate exhibit
reduced EOH6,8]. good behavior as eluting solvent but caused current break-
The analytical performance of LVSEP-NACE was also down in the separation process unless fully exchanged by
evaluated, and the method developed showed good linear-other compatible solvent. Losses of analytes were registered
ity and precision within the concentration range studied in the evaporation and solvent exchange processes so the ex-
(20—-400ug/L), with correlation factor values higher than  periences with ethyl acetate were also abandoned. Methanol
0.99 and % R.S.D. between 5 and 9% for all the compounds provided the better performance in removing effectively the
(seeTable J). analytes from the sorbent and giving an extract fully compat-
Coupling LVSEP to NACE improved the LODs abouttwo ible with the background electrolyte which reduces sample
orders of magnitude in comparison with normal hydrody- preparation stages and error chances.
namic injection. This allows the application of the procedure  Optimal elution volume was evaluated as described in Sec-
for samples in th@.g/L level using conventional UV absorp-  tion 2.3 by measuring successive eluting fractions until no

100,0
80,0

60,01

overies (%)

‘D pH=2.5 00 pH=4.5 & pH=Direct sample pH ‘

tion detection. signal for analytes can be seen and the sum of signal in the
accumulated fractions demonstrated that quantitative recov-
3.3. Analysis of water samples eries have been attained. A volume of 3 mL of methanol was

found to completely elute all the analytes from the cartridges.
For the application of the developed procedure to real At the time of testing these conditions on real river

river water and wastewater samples, the analytes were ex-and wastewater samples some added difficulties appeared
tracted using SPE Oasis cartridges. Parameters affecting thes expected. Matrix components affects the ionic strength
SPE process (e.g. sample pH, eluent volumes and composiof sample extracts so the removing time of sample plug in
tion) were studied. Preliminary experiments were conducted the stacking process increased. As a consequence, recover-
on ultrapure (Milli-Q) water samples spiked with all studied ies were affected because a fraction of the sample kept out
compounds at the 0i8g/L level. In the view of K, val- the capillary during stacking. Logically, this effect was more
ues (see SectioB.1) pH of samples was adjusted at 2.5 to noticeable for longer injection times. For samples spiked at
enhance the retention of analytes in the polymeric sorbent.1 pg/L level, losses of 40-50% were observed using injection
Volume of samples was 500—-1000 mL. In these experimentstimes of 300 s. Consequently, injection time was reduced to
recoveries were ranging between 86 and 117% for all ana-a level enabling quantitative injection of analytes in samples.
lytes. Further experiments, however, evidenced that sample’sUsing injection times of 30 s recoveries equivalent to those
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previously reported were attained. Also good precision (%  40;

R.S.D. between 3 and 7% for all the compounds) and linearity 35 5
(correlation factor values higher than 0.99) within the con- zg: 4
centration range studied (100-5Q0@/L for all compounds) 20, 1 3
were obtained at the logical expense of LOOs{le J). 2 15
Fig. 3 shows the electropherograms obtained in the analy- 104 2
sis of river water and wastewater extract using the described 31 A ¥
I ol — .
conditions. o " .

As can be seen in the electropherogram§&im 3, non- gl = : : : ‘
spiked samples of influent wastewater exhibit several small 40| 5 10 15 20 25 30
peaks, some of them in the vicinity of 2,6-DiBP, TBBPA 354 5
and TCBPA. Experiments using longer injection times and 2‘53 s 4

decreasing the tray temperature to enhance separation and t
provide more clear spectral information evidenced that these < ;|

small peaks did not correspond to the analytes studied. Inany 10/ 2

case, itis advisable to prepare calibration lines based on peak 5 c

height data to avoid the effect of these small peaks in the tail ~ © :_\LD i

of analyte peaks. 355 5 10 15 20 25 30
Table 2summarized the average recoveries for the stud- 5] 5

ied analytes from four independent 1L river water samples, 25, 4

four effluent and three influent wastewater samples (500 mL _ 20 3

each). These recovery values were checked for consistencyg 15 !

in the spiking range 1.2-129/L for all studied compounds. 150: £ 3

Recoveries infable 2are in good agreement with those re- ol L X

ported for ultrapure water thus showing that matrix effects s{ . F : I N N SV

in SPE processes were adequately controlled when samples 00 z e = o5 = =

were proce_ssed at their natural pH. Migration time (min)

Recoveries for river and effluent wastewater samples grant
the use of external calibration. However, for influent waste- Fig. 3. Electropherograms obtained from SPE extracts of (A) 1L of river
water samples an evident matrix effect appears, thus makingwater sample spiked at a concentration @il for all compounds, (B)

advisable the use of standard additions in the analysis of these - O river water non-spiked sample (C) 500 mL of effluent wastewater
samples sample spiked at a concentration ofdg/L for all compounds, (D) 500 mL

. of non-spiked effluent wastewater sample, (E) 500 mL of influent wastewater
Inany case, breakdown volumes must be evaluated in car-sample spiked at a concentration ofydglL for all compounds, (F) 500 mL

tridges to confirm that the sample volumes proposed (1L in of non-spiked influent wastewater sample; hydrodynamic injection, 50 mbar
the case of river water and 0.5 L for wastewater) can be rou- by 30s. Other CE conditions and peak assignment &gginl.

tinely handled. To verify this point experiences of sample ex-

traction by passing samples through two cartridges connectedumes confirm excellent retention of analytes in the cartridges.
in tandem were carried out. Both cartridges were eluted inde- This means that quantification limits can be decreased by pro-
pendently and extracts analysed. In no case, eluates from th&essing up to 2 L of river water samples or 1 L of wastewater
second cartridge evidenced detectable amounts of analytessamples if needed at the expense of considerably higher pro-
Further series of experiments extracting double sample vol- cessing times.

Table 2

Recoveries of compounds on the Oasis cartridge from spiked river water and wastewater samples

Compound  SPE recoveries (%) SPE-NACE: LQ@/()P SPE-LVSEP-NACE:

LOQ (ng/LyP
River water R.S.D.(%) Effluent R.S.D. (%) Influent R.S.D.(%) Riverwatef Wastewatét  River watef Wastewatét

2,4,6-TriBP 1014 34 100.5 1.1 73.0 3.7 1.2 2.4 116 232
PeBP 103 3.4 102.6 0.9 82.0 0.2 1.4 2.8 136 272
2,6-DiBP 1022 3.4 1034 0.3 88.2 8.3 1.3 2.6 97 194
TBBPA 955 1.9 101.2 3.7 93.6 7.5 1.5 3.0 119 238
TCBPA 962 25 102.3 2.7 94.0 2.2 0.8 1.6 76 151

LOQs of SPE-NACE and SPE-LVSEP-NACE in real water samples.
@ n=4 for river water and effluent wastewater, ard3 for influent wastewater.
b LOQ: S/N=10; detection at 210 nm, except of PeBP at 230 nm.
¢ Water volume: 1L.
d water volume: 0.5L.
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method was enhanced between 3300-4500-fold and
1600-2200-fold for river waters and wastewater samples, re-
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4. Conclusions

This work describes a simple NACE method developed to
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