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Abstract

Transient isotachophoresis (tITP) with a system-induced terminator (SIT) was
developed for capillary zone electrophoresis (CZE) determination of aniline (An™)
and pyridine (Py") in sewage samples. After sample injection, a water vial anode
was set at the sample-inlet side. Then voltage was applied to generate a system-
induced terminator (H"). Experiments and simulations revealed a concentration
effect by tITP with an SIT: background electrolyte (BGE) — 100 mM acetic acid
(AcOH) and 50 mM NaOH (pH 4.6); detection wavelength — 200 nm for An* and
254 nm for Py*; vacuum injection period — 15 s (190 nL); SIT generation — 10 kV
applied for 80 s with the sample inlet side anode; separation voltage — 20 kV with
the sample inlet side anode. The limits of detection (LODs, S/N = 3) of An* and
Py* respectively reached 10 and 42 ug/L, with good repeatability (peak area RSDs
< 6.9%) and calibration graph linearity (R?> = 0.9997). The proposed method was
applied for determination of An*™ and Py" in sewage samples. Recoveries of An*

(0.50 mg/L) and Py* (2.0 mg/L) in spiked sewage samples were 94-104%.

Keywords: CE; Catiogenic weak electrolyte; Environmental water; On-line

concentration; System-induced terminator; Transient isotachophoresis
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1. Introduction

Aniline (An") is an important raw material used in diverse areas of
manufacturing to produce dyes, pigments, paint, pesticides, drugs, plastics, and
rubber. Its toxicity and carcinogenicity present risks of various health issues and
environmental problems. For that reason, some methods have been developed to
treat wastewater containing An* [1,2]. Industrial wastewater, agricultural runoff,
and urban sewage often contain An*. For example, concentrations of An* in
wastewater at shale oil manufacturing sites are reportedly 0.57-14 mg/L [3].
Therefore, increasing attention has been devoted to the monitoring of An*
concentrations in environmental waters, including wastewater. The most common
techniques for the determination of An* in environmental waters and wastewater
are gas chromatography (GC) [4] and high-performance liquid chromatography
(HPLC) [5]. Gas chromatography — mass spectrometry (GC-MS) [6] and CE [7]
have also been used. Most methods require sample pretreatment of some type
because of the low concentrations of An™ in samples. Similarly, pyridine (Py") is
used widely as an important industrial starting material in various industries. It is
also used as a solvent and an intermediate in drug and paint industries and as a
catalyst in pharmaceutical production. Actually, Py" is a highly toxic compound
with an unpleasant smell. It is difficult for it to be decomposed by microorganisms
in the environment. Concentrations of Py" in wastewater from a pharmaceutical
plant have been reported as 20-300 mg/L [8]. The regulatory level of Py" in
wastewater was restricted to 5 mg/L by the United States Environmental

Protection Agency (EPA). Quantifying Py* in environmental waters, including
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wastewaters, is important. Analytical methods such as GC [9], GC-MS [10],
HPLC [11], and LC-MS [12] have been used conventionally to quantify
concentrations of Py".

Compared to other separation methods described above, CE presents several
benefits that include high-resolution and environmental compatibility with
minimum reagent and sample consumption. However, the concentration
sensitivity of CE with conventional UV detection is not sufficiently high because
of the-small sample-injection volume and the short light pathway. Therefore,
various on-line concentration procedures have been developed to improve the
sensitivity: field-amplified sample injection (FASI) [13-17], large volume sample
stacking [18,19], dynamic pH junction [20-22], sweeping [23,24], electrokinetic
supercharging (EKS) [25-27], and transient isotachophoresis (tITP) [17,28].
Although FASI and EKS are effective for low conductivity samples, they are
inapplicable to high-conductivity samples because the analyte transference
number decreases concomitantly with increasing matrix concentrations when the
sample is injected electrokinetically. Larger volumes of high conductivity samples,
however, can be injected in tITP [29]. In such cases, some matrix ions act as the
leading or terminating ion [30]. We reported earlier that tITP is useful to
concentrate minor components (e.g., nitrite, nitrate, phosphate, and bromate) in
seawater [29,31,32].

In this study, tITP using water instead of an external terminating electrolyte
was developed as an on-line concentration procedure for capillary zone
electrophoresis (CZE) determination of An* and Py* in sewage samples. We

designate this method as tITP with a system-induced terminator (SIT) [33].
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Experiments and computer simulations were conducted to ascertain the
concentration effects by tITP with an SIT. The sample-injection time, the co-ion
and counter-ion concentrations in the background electrolyte (BGE) and the SIT-
generation time were optimized. After optimization, the proposed method was

applied to quantify concentrations of An* and Py* in sewage samples.

2. Materials and methods

2.1. tITP with an SIT

A schematic diagram for tITP with an SIT is presnted in Fig. 1. It shows the
process: Fill the capillary with a BGE consisting of Na* as co-ion and acetic acid
(AcO) as counter-ion. Vacuum-inject a sample containing An* and Py" with the
sample matrix (Na* and CI") (Fig. 1(A)). After replacing the sample vial with a
water vial, apply voltage with the sample inlet side as the anode for the specified
time (Fig. 1(B)). Migration of Na*, An*, and Py" to the cathode and that of AcO"
and CI" to the anode result in a sample-vacancy zone (SVZ) (Figs. 1(B), 1(C)). In
the SVZ, the AcO™ concentration increases because AcO™ migrates continuously
from the BGE through the front end of the sample zone. To fulfill the
electroneutrality requirement, H™ is generated from water in the SVZ. It reacts
with AcO". Deviation of the acid—base balance reduces H* effective mobility. The
order of effective mobility becomes Na* > Py*> An*> H*. Analytes sandwiched

between Na* (leading ion) and H" (terminating ion) were concentrated by tITP.
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After replacing the water vial with the BGE vial, the applied voltage allows to
achieve separation and detection of the analytes (Fig. 1(D)).

The difference between EKS with an SIT and the proposed tITP is the
following. The former is an electrokinetic sample injection procedure followed by
ITP stacking, whereas the latter is a kind of on-line concentration procedure. In
addition, a sample is expected to have few coexisting components in EKS:
otherwise an SIT cannot be generated. The proposed tITP, in contrast, is
applicable to samples for which EKS cannot be used. However, the generation
mechanism of an SIT in the proposed tITP is the same as that in EKS [24]. The
following benefits of the proposed tITP compared to a conventional tITP can be
expected. In the former, water is used as if it is a terminating electrolyte, whereas
a terminating electrolyte that contains impurities should be prepared in advance
for the latter. Therefore, interference from the impurities can be avoided in the
proposed tITP. Labor and time for the preparation of the terminating electrolyte

can also be-saved.

2.2. Apparatus

All experiments were conducted using a CE instrument equipped with a
photodiode array detector (CAPI-3200; Otsuka Electronics, Osaka, Japan). A
polyimide-coated fused-silica capillary (GL Sciences, Tokyo, Japan) with 62.4 cm
total length (50 cm effective length) and 50 pum 1.D. (375 pm O.D.) was used. The

capillary was thermostated at 25°C. The detection wavelength was set at 200 nm
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for An+ and 254 nm for Py*. This experiment used a pH meter (F-22; Horiba,

Kyoto, Japan) and a conductivity meter (DS-71; Horiba).

2.3. Chemicals and reagents

All reagents used were of analytical-reagent grade. 6-Aminohexanoic acid,
acetic acid (AcOH), An*, NaCl, NaOH, and Py* were obtained from Nacalai
Tesque (Kyoto, Japan). BGEs were a mixture of AcOH and NaOH. A stock
solution of An* and Py* was prepared in water at a concentration of 1000 mg/L. It
was serially diluted to prepare standard solutions. Sewage samples, before (S1)
and after treatment (S2), were taken from a sewage treatment plant near our
university. All solutions, including the sewage samples, were filtered through a
0.45 um membrane filter (Advantec Toyo Kaisha, Tokyo, Japan) before use.
Distilled, demineralized water, obtained from an automatic still (WG220; Yamato
Kagaku, Tokyo, Japan) and a Simpli Lab-UV high purity water apparatus (Merck

Millipore, Tokyo, Japan) was used throughout.

2.4. Experimental procedure

The An®™ and Py* spiked to sewage samples were evaluated using the
following procedure. No pretreatment procedure was necessary except for
adjustment of the sample conductivity to 100 mS/m (by dilution with water or by
adding 10,000 mg/L NacCl, if necessary). A new capillary was flushed with water

for 5 min, then with 1 M NaOH for 20 min, water for 10 min, and BGE (a mixture
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of 100 mM AcOH and 50 mM NaOH, pH 4.6) for 10 min (vacuum pressure, 50
kPa). Before the first analysis conducted each day, the capillary was flushed with
water for 5 min and the BGE for 10 min. After the capillary was filled with the
BGE, the sample solution was vacuum-injected (50 kPa) for 15 s (190 nL) into the
CE apparatus. A water vial was set at the sample-inlet side. Then voltage (10 kV)
was applied for 80 s with the sample-inlet side as the anode for SIT generation.
Then, the water vial was replaced with the BGE vial. Voltage (25 kV) was applied
for separation with the sample-inlet side as the anode. Between runs, the capillary
was flushed with the BGE for 3 min. At the end of the day, the capillary was

flushed with water for 5 min to fill the capillary with water.

2.5. Computer simulation

To investigate the concentration effect by tITP with an SIT, a computer
simulation was performed using Simul 5 Complex software, originally developed
by the Gas group [34,35]. The simulation was conducted on a personal computer
(Core i7 2.4 GHz processor; Intel, CA, USA). For the simulation, the total
capillary length, I.D. of the capillary, the sample-plug length, the water-plug
length, and the space step were set, respectively, as 50 mm, 50 um, 1 mm, 1 mm,
and 5 um. The BGE was a mixture (pH = 4.8) of 40 mM AcOH (pKa = 4.756, Wim
=-42.4 x 10° m?v1st) and 20 mM NaOH (pKa = 13.7, piim = 51.9 x 10° m?Vls
1. A sample was a mixture of 0.0537 mM (5 mg/L) An* (pKa = 4.596, pim = 30.0
x 10° m2v-1s?), 0.0632 mM (5 mg/L) Py" (pKa = 5.18, pim = 30.0 x 10° m2V-ls

1), 7.91 mM NaOH, and 7.91 mM HCI (Wwim (CI) = -79.1 x 10° m?Vv-ist). NaOH
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and HCI were added to adjust the sample conductivity to 100 mS/m. Voltage (100
V) was applied for 50 s with the sample-inlet side as the anode. No electroosmotic

flow (EOF) was assumed.

3. Results and discussion

3.1. On-line concentration by tITP with an SIT

A standard solution containing 5 mg/L An* and Py*, adjusted to conductivity
100 mS/m with 10,000 mg/L NaCl, was analyzed to investigate the concentration
effect by tITP with an SIT. The BGE was a mixture of 40 mM AcOH and 20 mM
NaOH (pH 4.6). After sample injection (50 kPa for 1 s, 13 nL), water vial was set
at the sample-inlet side. VVoltage was applied for 50 s. Then, the water vial was
replaced with the BGE vial. The separation was started according to the procedure
described in Section 2.4. The same samples were also analyzed without tITP.
Figure 2 portrays the effects of tITP with an SIT. When tITP was not used, the
An" peak at 200 nm was divided into two peaks -because of insufficient stacking
effect- (Fig. 2(A)). When tITP with an SIT was used, the sharper An™ and Py*
peaks were obtained respectively at 200 and 254 nm (Fig. 2(B)). The An" peak
height at 200 nm was ca. 29 fold higher than that at 254 nm. The Py peak height
at 254 nm was ca. 1.3-fold higher than that at 200 nm. Therefore, 200 and 254 nm
were adopted respectively as the detection wave-lengths for An* and Py*. Both
peak heights obtained with the concentration effect were ca. 2.1-fold higher than

those without tITP.
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Experimentally obtained results were confirmed using computer simulations.
Figure 3 presents simulation results of concentration profiles for AcO", Na*, CI,
An", and Py", potential gradient profile, and pH profile in the water, the sample,
the BGE zones, and the SVZ. In that figure, panels (A) and (C) depict the
distributions at 0 s; panels (B) and (D) portray the distributions at 50 s after
voltage was applied. As depicted in Fig. 3(B), AcO™ concentration in the SVZ
increased because AcO™migrated continuously from the BGE zone. No Na* or CI
was left in the SVZ because they had migrated respectively to the cathode and the
anode. Results show that H* was generated in the SVZ to fulfill the
electroneutrality requirement. This phenomenon appeared as the low pH and high
potential gradient in the SVZ (Fig. 3(D)). At the same time, effective mobility of
H* decreased because of deviation of the acid-base balance with AcO-.
Consequently, H* and Na* acted respectively as the terminating ion and leading

ion to concentrate An* and Py* between the BGE zone and the SVZ by tITP (Fig.

3(B)).

3.2. Concentrations of co-ions and counter-ions in BGE

The concentrations of co- (Na*) and counter-ions (AcO") in the BGE were
varied to assess the effects on enrichment by tITP with an SIT: mixtures of 5-100
mM NaOH and 10-200 mM AcOH, e.g. 5 mM NaOH+10 mM AcOH as BGE.
When the concentrations were changed, the capillary was flushed with the same
BGE for 10 min. A mixture of 0.50 mg/L An* and 2.0 mg/L Py", adjusted to

conductivity 100 mS/m with 10,000 mg/L NaCl, was analyzed similarly as

10
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described in Section 3.1. In spite of the different concentrations, no significant
difference was found in the peak areas and peak heights of An™ and Py" in any
BGEs (five combinations of NaOH and AcOH; data not shown). Although the
migration-time repeatability improved with increasing BGE concentration, the
baseline fluctuation increased when a mixture of 100 mM NaOH and 200 mM
AcOH was used. It can therefore be presumed that a mixture of 50 mM NaOH and
100 mM AcOH is a suitable combination for use as BGE.

Considered from Fig. 1, different enrichment behavior can be expected
depending on the counter-ion (AcO") concentrations. The concentrations of AcO"
was varied (100-500 mM) with fixed concentration of co-ion (Na*, 50 mM). The
mixture of An" and Py* was analyzed using the procedure described above. The
peak area and peak height of An* decreased with increased concentration of AcO"
(Fig. S1). The decreasing tendency was the result of the baseline rise because of
the UV absorption of AcO™ at 200 nm. The peak area and peak height of Py*
tended to increase slightly with increasing concentration of AcO™ (Fig. S1). It can
be presumed that the increasing tendency is the effect of stronger tITP with higher
AcO" concentration. Additionally, pyridine was detected at 254 nm where little
UV absorption by AcO". When the AcO™ concentrations were 100, 200, 300, and
500 mM, the respective RSDs (n = 4) of migration time for An* and Py* were
0.26, 1.2, 0.68, and 1.3% and 0.22, 1.1, 0.60, and 0.84%. Therefore, the optimum
BGE adopted in the subsequent experiments was a mixture of 50 mM NaOH and

100 mM AcOH.

11
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3.3. Sample-injection time and SIT-generation time

The sample-injection time was varied between 1 and 20 s with the SIT-
generation time fixed to 50 s (10 kV). When the standard solution was analyzed,
both peak heights of An* and Py" increased with the sample-injection time up to
15 s (data not shown). When the injection time was 20 s, the An* peak could not
be separated from the SIT peak observed behind the An* peak. Therefore, the
optimum sample-injection time adopted in the subsequent experiments was 15 s
(190 nL). The SIT-generation time was also varied (10-100 s) with the voltage
fixed to 10 kV. Both An™ and Py* peak heights increased with the SIT-generation
time up to 80 s (data not shown). When the generation time was 100 s, the An*
peak could not be separated from the SIT peak. Therefore, the SIT-generation
time adopted in the subsequent experiments was 80 s.

Under optimal conditions, the limits of detection (LODs, S/N = 3) for An*
and Py" were, respectively, 10 and 42 pg/L. The LODs were improved,
respectively, to 17 and 14 times compared to those (170 pg/L for An* and 600
ug/L for Py") obtained using the conventional CZE. Kim et al. [33] reported 3.2
times lower LOD (3.1 ug/L) for An* than that for our method although the method
was not applied to real samples. The limits of quantification (LOQs, S/N = 10) for
An" and Py" were, respectively, 34 and 140 ug/L. The RSDs (n = 4) of migration
times for An* (0.50 mg/L) and Py* (2.0 mg/L) were obtained respectively as 0.46
and 0.40%, for peak areas of 4.3 and 3.4%, and for peak heights of 3.4 and 4.4%.

To compare the concentration effect by the proposed tITP with that for a

conventional tITP, the following experiment was conducted. After the sample was

12
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vacuum-injected for 15 s (190 nL), a terminating electrolyte (100 mM 6-
aminohexanoic acid adjusted to pH 4.6 with AcOH) was vacuum-injected for 0.2
s (2.6 nL). The LOD for Py* using the proposed tITP was 2.6 times lower than
that (110 pg/L) for the conventional tITP, although no significant improvement
was found in the LOD for An* (12 ug/L for the conventional tITP). According to
the simulation results, when AcOH was used as the terminating electrolyte, the
maximum concentrations for An* and Py" were higher and the time required to
reach the maximum concentrations were shorter than those for the proposed tITP
(data not shown). To compare the concentration effect by the proposed tITP with
that for a tITP using AcOH as the terminating electrolyte, the following
experiment was conducted. After the sample was vacuum-injected for 15 s, a
terminating electrolyte (100 mM AcOH) was vacuum-injected for 3 s or
electrokinetically injected for 80 s at 10 kV. The LODs for An* and Py" for the
former were 14 and 50 pg/L and for the latter were 9.7 and 38 pg/L, respectively.
The LODs for the proposed tITP were slightly better than those for vacuum
injection of AcOH; almost same for those obtained using electrokinetic injection
of AcOH.

In the proposed tITP, water introduced into the capillary by EOF during SIT
generation might cause some interference with analyte enrichment. Therefore, the
water amount was obtained multiplying by the magnitude of EOF (ueor, 29.7 x
10° m2v-1s?), SIT-generation time (80 s), the electric field strength in the sample
zone (616 V/m), and the cross-sectional area of the capillary (1.96 x 10%° m?).
The peor was calculated using the water dip observed in an electropherogram as

the neutral marker. The electric field strength in the sample zone was obtained
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using Simul 5 Complex software. As a result, the water amount was 2.9 nL (1/66
of the sample volume). As described above, the LODs for the proposed tITP were
slightly better or same compared to those for the conventional tITP. It was
revealed that the negligible quantity did not interfere with the concentration
process in the proposed tITP.

In addition to the slightly better LODs, the proposed tITP has the following
advantages compared to the conventional tITP as mentioned in Section 2.1. The
proposed tITP does not require preparing a terminating electrolyte because a
terminator is generated inside the capillary spontaneously. That is to say, the
proposed tITP saves costs, time, and labor. On the other hand, when low
concentration of analyte is determined using the conventional tITP, some
impurities derived from a terminating electrolyte can cause significant blank
values. For example, we developed tITP procedure for the determination of nitrite
and nitrate in seawater using sodium acetate as the terminating electrolyte [31]. It
was necessary to find out sodium acetate with less impurity (nitrite and nitrate) to
suppress the blank values. There is no need to worry about the contamination by

impurities from a terminating electrolyte for the proposed tITP.

3.4. Sample conductivity

In general, sample conductivity affects the separation and concentration of

analytes. The conductivity of sewage samples probably vary according to the

sample characteristics. The sample conductivity can affect the separation behavior

and concentration degree of An* and Py*. To investigate the effect of sample

14
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conductivity, the conductivity of sample solutions containing 0.50 mg/L An* and
2.0 mg/L Py" was varied between 50 mS/m and 1,000 mS/m with 10,000 mg/L
NaCl. When the sample conductivity was 50 mS/m, An* and Py" were not
separated. The analytes reached the detector before separation was achieved
because of the large EOF in the sample zone. The peak area and peak height of
An™ and Py" decreased concomitantly with increasing sample conductivity (Fig.
S2) because the stacking effect decreased concomitantly with increasing sample
conductivity. Therefore, the conductivity of both standard solutions and sewage

samples (if necessary) should be adjusted to 100 mS/m in the proposed method.

3.5. Application to sewage samples

Calibration graphs were prepared by analyzing the standard solutions of
0.050-2.5 mg/L An* and 0.20-10 mg/L Py" (conductivity was adjusted to 100
mS/m with 10,000 mg/L NaCl). Regression equations relating the area response to
concentration for An* and Py* were, respectively, y = 40.0x + 0.340 (R? = 0.9997)
and y = 9.79x + 0.421 (R? = 0.9997). Sewage samples spiked with An* (0.050
mg/L) and Py* (0.20 mg/L) were analyzed using the proposed procedure. It should
be noted that An™ and Py" were not detected in the raw sewage samples. The
original conductivities of the sewage samples S1 (before treatment) and S2 (after
treatment) were, respectively, 106 and 130 mS/m. Therefore, the conductivity of
the samples was adjusted to 100 mS/m by diluting with water before analysis.
Figure 4 depicts electropherograms of the sewage samples. The RSDs (n = 4) of

the migration times for An™ and Py" in the sample S1 were obtained respectively

15
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as 0.55 and 0.44%, for peak areas of 3.8 and 3.9%, and for peak heights of 3.0 and
1.9%. The RSDs (n = 4) of the migration times for An* and Py" in the sample S2
were obtained respectively as 0.50 and 0.29%, for peak areas of 6.9 and 3.2%, and
for peak heights of 6.5 and 3.9%. The recoveries of An* and Py" spiked into the
sewage samples S1 and S2 were, respectively, 98 and 88%, and 88 and 111%.
Recovery interval of Py* (88-111%) was broader compared to that of An* (88—
98%). It was thought that this interval resulted from the higher LOQ for Py* (140
ug/L) than that for An* (34 pg/L). Therefore, standard addition experiments were
conducted similarly using the same samples containing 10 times more amounts of
An* (0.50 mg/L) and Py* (2.0 mg/L). The recoveries of An*and Py* were 99—
104% and 94-96%, respectively. These results imply that there is no interference
with coexisting substances in the sewage samples for the proposed procedure.

The proposed method has sufficient sensitivity for An™ and Py" in the
wastewaters and the regulatory level of Py* described in Introduction. However,
even this sensitive method could not detect An* and Py" in the raw sewage
samples, as mentioned above. In addition, it has been reported that acute toxicity
of An* to a crustacean (Daphnia magna) is 0.040-0.119 mg/L as the median lethal
concentration (LCso) [36]; acute toxicity of Py to an alga (Pseudokirchneriella
subcapitata) is 0.041-0.120 mg/L as the LCso [37]. Therefore, sensitive or more

sensitive methods are desired to deal with above matters.
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4. Conclusions

We developed a new tITP with an SIT as an online concentration procedure
for CZE determination of An* and Py* in sewage samples. The proposed
procedure requires no external terminating electrolyte used for conventional tITP.
Therefore, no risk of contamination exists from a terminating electrolyte.
Moreover, the procedure saves time and trouble related to preparation of the
terminating electrolyte. The LODs of An* and Py were improved respectively 17
and 14 times compared to those obtained using the conventional CZE method.
The proposed method has sufficient detection power and precision for the
determination of sub milligram per liter concentrations of An*. This report is the
first of the relevant literature describing a study of SIT used as the terminating ion

in tITP as a CZE concentration procedure.
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Fig. 1. Schematic diagram for tITP with an SIT: (A) initial state (a sample is
injected after the capillary is filled with BGE), (B) Migration of Na*, An*, and Py"
to the cathode and that of AcO™ and CI to the anode by electrophoresis, (C)
generation of SVZ and concentration of analytes by tITP, and (D) separation of

analytes. Other explanations are presented in the text.

Fig. 2. Electropherogram of a standard solution of An* and Py*: (A) without tITP
and (B) tITP with an SIT. Analytical conditions: capillary, 62.4 cm total length
(50 cm effective length) and 50 um I.D.; BGE, a mixture of 40 mM AcOH and 20
mM NaOH (pH 4.6); sample solution, a mixture of 5 mg/L An* and Py" (adjusted
to conductivity 100 mS/m by 10,000 mg/L NaCl); sample injection, vacuum (50
kPa for 1 s, 13 nL); SIT generation, 10 kV for 50 s; separation voltage, 25 kV;
wavelengths for detection, 200 and 254 nm. Analyte peak numbering: 1, Py"; 2,

An*; 3, SIT.

Fig. 3. Simulation results at 0 s (A, C) and 50 s (B, D) after voltage was applied:
(A) and (B) concentration profiles for AcO", Na*, CI', An*, and Py" in the water,
the sample, and the BGE zones; (C) and (D) potential gradient and pH profiles in
the water, the sample, and the BGE zones. Other conditions are described in the

text.

Fig. 4. Electropherograms of sewage samples spiked with An* (0.050 mg/L) and

Py* (0.20 mg/L) (conductivity was adjusted to 100 mS/m by diluting with water).

(A) sewage sample S1; (B) sewage sample S2. Analytical conditions: BGE, a

23



544 mixture of 100 MM AcOH and 50 mM NaOH (pH 4.6); sample injection, vacuum
545  (15's, 190 nL); SIT generation, 10 kV for 80 s. Other electrophoretic conditions

546  are identical to those used in Fig. 2.
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Fig. S1. Effect of counter-ion (AcO-) concentration on the peak area (A) and the peak
height (B) for An* and Py*. Analytical conditions: BGE, a mixture of 100-500 mM AcOH
and 50 mM NaOH; sample solution, a mixture of 0.5 mg/L An* and 2 mg/L Py* (adjusted
to conductivity 100 mS/m by 10,000 mg/L NaCl). Other electrophoretic conditions are
identical to those used in Fig. 2.
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+ Transient isotachophoresis with a system-induced terminator is proposed.

+ No external terminating electrolyte is required.
- H" generated depending on the acid-base balance acts as the terminating ion.

- This on-line concentration method is applicable to high-conductivity samples.

+ Limits of detection of aniline and pyridine are less than 50 micrograms per liter.



