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Abstract

The use of B-cyclodextrin (3-CD) and polyvinylpyrrolidone (PVP) as complexing agents to capillary zone electrophoretic
(CZE) separations of a group of ten nitrophenols was investigated. The analytes were baseline resolved in one CZE run
when PVP was present in the carrier electrolyte at a 2.5% (w/v) concentration. B-CD was less effective as it did not baseline
resolve a complete group of the studied nitrophenols within an applicable concentration range (0—10 mmol/1). The
separations were carried out in a 300-pwm LD. capillary tube made of fluorinated ethylene—propylene copolymer to enhance
the load capacity of the separation system. Under these working conditions, a 100-nl sample injection volume resulted in
20-80 ppb concentration limits of detection for nitrophenols, using a photometric absorbance detector operating at a
wavelength of 254 nm. The separation efficiencies for the analytes spanned from 1.6-2-10° theoretical plates per meter.
Their migration times were reproducible not only in a within day but also in a day-to-day time frame (1% or less for a period
of several weeks). This was achieved for a hydrodynamically closed separation compartment while minimizing fluctuations
in the concentration of CO, in the carrier electrolyte. Reproducibility in the determination of nitrophenols was in the range
of 1-5% for 1-6 ppm concentrations. Rain, drinking and process water samples served as matrices to assess the practical
applicability of the elaborated CZE procedure. This procedure can be combined with isotachophoretic sample pretreatment to
make its use possible in situations when nitrophenols are present in the samples at low ppb concentrations.

Keywords: Water analysis; Environmental analysis; Buffer composition; Hydrodynamically closed separation system;
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1. Introduction
Nitrophenols currently need to be determined in

various matrices linked with some industrial pro-
cesses (production of dyes, pesticides and explo-

>"Corresponcling author.

sives) and, mainly, in matrices of environmental and
ecotoxicological relevance [1-5]. At present, gas
chromatography [1,2,6,7] and various alternatives of
high-performance liquid chromatography [2,8—12]
are preferred in the analysis of nitrophenols. Their
ionogenic properties make capillary electrophoresis
(CE) techniques analytical alternatives to these chro-
matography techniques. So far, however, only lim-
ited attention has been paid to this subject [13-19].

0021-9673/97/$17.00 © 1997 Elsevier Science BV. All rights reserved

PII S0021-9673(97)00102-7



328 D. Kaniansky et al. | J. Chromatogr. A 772 (1997) 327-337

Capillary isotachophoresis (ITP) was shown to be
applicable to the separations of some nitrophenols
[13,14]. For mononitrophenols, differences in their
pK, values were found to be suitable for separating
them [13]. The same separation mechanism, using a
low pH of the leading electrolyte, was effective for
some dinitrophenols and picric acid [14]. Here, the
analytes could be detected at ppt concentrations
when performing the ITP separations in the spike
mode with selective photometric detection at 405
nm. However, the close ionic mobilities and the very
differing pK, values of nitrophenols [20] make this
approach less practical when the separation and/or
determination of a larger number of nitrophenols is
to be carried out.

Nitrophenols listed as priority pollutants by the US
Environmental Protection Agency [4] were recently
separated by capillary zone electrophoresis (CZE),
together with other priority phenol pollutants [17].
The separation mechanism in this instance included
differences in the ionic mobilities and pK, values of
phenols. However, it is apparent that this separation
mechanism has only a limited use for nitrophenols
[18,19]. Micellar separation systems offer another
CE alternative in resolving priority phenol pollutants
[16].

The aim of this work was to find separation
conditions applicable to the CZE separation and
quantitation of a group of ten nitrophenols of en-
vironmental relevance. Here, we investigated in
detail the use of B-cyclodextrin (3-CD) and poly-
vinylpyrrolidone (PVP), as these agents had already
been proved [18,19] to influence the effective mo-
bilities of nitrophenols in a differentiating way. To
enhance sample loadability onto the CZE column
and, hence, reduce the concentration limits of de-
tection (LODs) for the analytes, we carried out our
experiments in a 300-pm 1L.D. capillary tube made of
fluorinated ethylene—propylene copolymer (PEP).
Key performance parameters characterizing the CZE
separations under favourable resolution conditions
were assessed. The elaborated CZE procedure was
briefly tested in the analysis of practical samples
(rain, drinking and process water) spiked with nitro-
phenols. The samples spiked at two concentration
levels were analyzed either directly by CZE or in
combination with ITP pretreatment.

2. Experimental
2.1. Instrumentation

CZE separations were carried out using a CS
isotachophoretic analyzer (Villa-Labeco, SpiSskd
Nova Ves, Slovak Republic) assembled in the single
column mode. Its separation unit consisted of the
following parts:

(i) A sample injection valve provided with a
100-nl internal sample loop (Villa-Labeco).

(ii) A 300-pm LD. (650 pm O.D.) capillary tube
made of fluorinated ethylene—propylene copolymer
in which the CZE separations were performed. Its
length from the injection valve to the detector was
300 mm, while the total length was 350 mm.

(iii) A counter-electrode compartment with a
hydrodynamically closed connecting channel to the
separation compartment (Villa-Labeco).

A Spectra 100 on-column photometric detector
(Thermo Separation Products, San Jose, CA, USA)
was used for detection at 254 nm. It was connected
to a 486DX computer via a Unilab data acquisition
unit (Fitek, Sal’a, Slovak Republic). ITP Win Soft-
ware (version 2.15), obtained from KasComp
(Bratislava, Slovak Republic), was used for data
acquisition and processing.

The ITP equipment used for sample pretreatment
prior to the final CZE analysis has been described
elsewhere [21,22].

2.2. Chemicals and electrolyte solutions

The chemicals used for the preparation of the
electrolyte solutions were obtained from Serva
(Heidelberg, Germany), Sigma (St. Louis, MO,
USA), Merck (Darmstadt, Germany), Cyclolab
(Budapest, Hungary), Fluka (Buchs, Switzerland)
and Lachema (Brno, Czech Republic). Methyl-
hydroxyethylcellulose 30 000 (m-HEC) was used as
an additive to the leading and carrier electrolyte
solutions. The 1% (w/v) aqueous stock solution of it
was demineralized with the aid of Amberlite MB-1
mixed-bed ion exchanger (Serva). PVP was from
Serva (PVP, K90). It was added to the carrier
electrolyte solutions without further purification.
Water from a Pro-PS water purification system
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(Labconco, Kansas City, KS, USA) was used for the
preparation of the solutions. The solutions were
filtered through 0.8 pm syringe filters (Sigma) before
use.

Absorption of CO, by the electrolyte solutions
was minimized by keeping them in closed vessels in
a desiccator over NaOH pellets. The electrolyte
solutions in the electrode vessels of the apparatus
were maintained in a closed environment using gas
proof caps. The ambient pressure above the solutions
in the electrode vessels was preserved through
microcolumns packed with NaOH pellets, which
were tightly connected to the vessels via Luer female
connectors in the caps.

2.3. Samples

Stock aqueous solutions of the studied nitro-
phenols were prepared from chemicals obtained from
the above suppliers. Their concentrations in the stock
solutions were 100-200 ppm. The studied nitro-
phenols included: o-nitrophenol (0-NP), p-nitro-
phenol (p-NP), m-nitrophenol (m-NP), 2,4-dinitro-
phenol (2,4-DNP), 2,5-dinitrophenol (2,5-DNP), 2,6-
dinitrophenol (2,6-DNP), 3,4-dinitrophenol (3,4-
DNP), picric acid (2,4,6-TNP), p-nitro-m-cresol (p-
N-m-C) and 4,6-dinitro-o-cresol (4,6-DN-0-C).
Model samples were prepared by appropriately spik-
ing aqueous solution of Na,SO, (100 ppm) with
nitrophenols from their stock solutions.

A rain water sample was obtained from the Slovak
Hydrometeorological Institute (Bratislava, Slovak
Republic) and a process water sample was kindly
provided by Povodie Dunaja (Bratislava, Slovak
Republic). Drinking (tap) water samples were col-
lected in the laboratory in polyethylene sample
containers.

3. Results and discussion

The pK, values of the nitrophenols used in this
study (see Section 2 for the list) ranged from 0.71
(picric acid) to 8.40 (m-nitrophenol) [20]. Therefore,
CZE separations of them requires that the carrier
electrolytes have high pH values. Under such con-
ditions, the effective mobilities of nitrophenols are

determined by the actual ionic mobilities [23,24].
These migration parameters of nitrophenols in aque-
ous solutions are close [20] and, consequently,
resolution problems can be expected when their CZE
separations are performed in this separation mode.
This is illustrated by the electropherogram shown in
Fig. 1.

Our previous work, aimed at finding suitable
separation mechanisms for multicomponent mixtures
of nitrophenols, revealed that 3-CD and PVP, or their
simultaneous use, in the carrier electrolyte offer
promising alternatives in this respect [18,19]. There-
fore, their use for the studied group of nitrophenols
was investigated in detail in this work.

3.1. CZE separation of nitrophenols via host—guest
complexation with B-CD

Assuming the formation of a 1:1 host—guest
complex of nitrophenol (NP) with B-CD (C) at a
high pH value (NP is present only in the anionic
form), the following equilibrium is relevant:
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4
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\
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Fig. 1. CZE separation of nitrophenols according to ionic mo-
bilities. The separation was carried out in electrolyte system No. 1
(Table 1) with a 100-pA driving current. The concentrations of
the analytes in a model mixture were 5-10 ppm. For the
abbreviations, see Section 2.
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NP+ C 2 NPC (1)
with the stability constant (Kypc)

_ INPC]
NPC [NP][C] (2)

characterizing complex formation. [NPC], [NP] and
[C] are symbols for the equilibrium concentrations of
the species involved. From the point of view of the
electrophoretic separations, this equilibrium process
influences the effective mobility of nitrophenol
(yp) in a well known way [23,24] and, in our
particular instance, we can write:

1 KypeCe

T T4 Kypeee, Mo P TTK oo e ()

Myp

where ¢ is total concentration of B-CD (it is
assumed that {c]~c.) and m, and m,. are actual
ionic mobilities of the anionic form of nitrophenol
and its complex, respectively. The effective mobility
of the analyte and its migration time in CZE are
interrelated [24] and, in our symbolics, we can write:

" HigpE

Inp 4
with ¢, being a symbol for the migration time of
nitrophenol, L; being the length of the capillary tube
from the injection point to the detector and E being
the electric field strength. Using Eq. (3), we can
modify Eq. (4) into the form:

1500 +

tae (s)

_ L1 + Kype€e)
(Myp + KnpeCcMype)E

- )
which is convenient for interpreting the plots in Fig.
2.

From the dependence of the migration times of
nitrophenols on the concentration of B3-CD (Fig. 2),
we can see that this complexing agent did not
influence the migration times of 2,6-DNP and 2.,4,6-
TNP. Eqgs. (4) and (5) enable us to conclude that the
effective mobilities of these nitrophenols were de-
termined by the actual mobilities of their anionic
forms. Significant effects of B-CD on the effective
mobilities of 0-NP, 2,5-DNP, 4,6-DN-o0-C and m-NP
show that both free and complexed anionic forms
contributed to the effective mobilities of this group
of nitrophenols. For m-NP, in addition, a contribution
of the uncharged acidic form (pK,=28.40) must also
be taken into account. p-NP, p-N-m-C, 3,4-DNP and
2,4-DNP formed the strongest complexes with 3-CD
among the nitrophenols studied. For higher con-
centrations of B-CD, plots for these analytes were
reaching plateau values, i.e., approaching conditions
under which they exist mostly in complexed anionic
forms (a contribution of the second term in the
denominator of Eq. (5) to the migration time was the
most significant).

From this relative classification of nitrophenols,
we can see the significance of the position(s) of the
nitro group(s). While nitro groups in the p-position
favoured inclusions, two nitro groups in the o-posi-

8-CD {mmol/t)

Fig. 2. Dependence of the migration times of nitrophenols on the concentration of B-CD in the carrier electrolyte. The measurements were
carried out in electrolyte system No. 2 (Table 1) with a 100-pA driving current. For the abbreviations, see Section 2.



D. Kaniansky et al. | J. Chromatogr. A 772 (1997) 327-337 331

tion acted against this process (see the results for
2,6-DNP and 2,4,6-TNP). Other combinations of the
positions of the substituents led to effects of inter-
mediate significance and thus contributed to the
apparent differentiating power of B-CD in terms of
the CZE resolution. At some concentrations of B-CD
in the range of 2-4 mmol/l, all of the nitrophenols
studied could be resolved. However, at no con-
centration of B-CD could baseline resolution be
achieved. Critical pairs in this respect are apparent
from the plots in Fig. 2. At higher concentrations of
3-CD in the carrier electrolyte, p-NP and p-N-m-C
were not resolved at all. This resolution problem can
be ascribed to very close actual ionic mobilities of
their complexed anionic forms. the electropherogram
in Fig. 3 shows that, under these conditions, the rest
of the nitrophenols, with the exception of o-NP and
2,4,6-TNP, were baseline resolved.

3.2. CZE separations of nitrophenols in the
presence of PVP in the carrier electrolyte

PVP is known to interact with a great variety of
aromatic anions [25-29]. The interactions involved
have been discussed extensively in the works of
Molyneux and Vekavakayanondha [27,28]. For
phenols, it is reasonable to assume that these include
hydrogen bonding, dipole-dipole and induction
forces and hydrophobic effects [27]. Formally, these

interactions can be treated as a complex formation
and, therefore, analogous relationships, as given for
8-CD, are appropriate. For the dependence of the
migration times of nitrophenols (f,) on the con-
centration of the polymer in the carrier electrolyte
(cp), we can assume the validity of the following
relationship:

_ Ly(1 + Kyppcp)
B mypE

(6)

Inp

In this equation, Kpp i1s a symbol for the stability
(binding) constant of a given nitrophenol. The actual
ionic mobilities of the nitrophenol-PVP complexes
(mypp) were assumed to approach zero and in Eq.
(6) (contrary to Eq. (5)), the second term in the
denominator was neglected. This assumption corre-
sponds with low values of the binding ratios of the
phenol derivatives in the aqueous solutions of PVP
[27]. The experimental plots shown in Fig. 4 general-
ly conform with Eq. (6). These plots also show that
PVP influenced the migration times (the effective
mobilities) of nitrophenols in a differentiating way.
A minimum retardation of the migration velocity due
to the presence of PVP was observed for o-NP,
m-NP and 2,5-DNP. Stronger effects of the polymer
for p-NP, 2,4-DNP, 2,6-DNP and 2,4,6-TNP are
apparent and the strongest interactions can be as-
cribed to 3,4-DNP, p-N-m-C and 4,6-DN-o0-C.
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Fig. 3. CZE separation of nitrophenols based on host—guest complex equilibria with 8-CD. The separation was carried out in electrolyte
system No. 2 (Table 1) with a 10-mmol/] concentration of B-CD. The driving current was 100 pA. The same model mixture was used in the

separation as was used in Fig. 1. For the abbreviations, see Section 2.
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Fig. 4. Dependence of the migration times of nitrophenols on the concentration of PVP in the carrier electrolyte. The measurements were
carried out in electrolyte system No. 3 (Table 1) with a 100-pA driving current. For the abbreviations, see Section 2.

From the plots shown in Fig. 4, it is clear that the
presence of PVP in the carrier electrolyte improves
the CZE resolution of the nitrophenols we are
interested in. In this work, we favoured separation in
an electrolyte system containing the polymer at a
2.5% (w/v) concentration. Under these conditions,
the baseline resolution of nitrophenols was achieved,
as illustrated by the electropherogram shown in Fig.
S.

A comparison of the data obtained for PVP and

2,6-DNP
Y 1mAU
2,5-DNP
! 2a8TNP
/] 24DNP
i
[/ _mNP 3,4-DNP
254 - ! c
p_N\p ‘ / //4‘6-DN-0-
~ p-N/—m—C "\
\
o-Nli \ P J
| | \ A‘\ 1“ ‘\ L’
(- \//
U V)
600 900 1200 4(g)

Fig. 5. CZE separation of nitrophenols based on their interactions
with PVP. The separation was carried out in electrolyte system
No. 3 (Table 1) with 2.5% (w/v) PVP. The driving current was
100 pA. The same model mixture was used in the separation as
was used in Fig. 1. For the abbreviations, see Section 2.

B-CD (see Figs. 2-5) shows that these complexing
agents provide different separation selectivities for
nitrophenols. This offers the possibility of optimizing
their separation via the simultaneous use of both
agents. Although this possibility had been shown
already [18] in the CZE separation of nitrophenols,
we did not study it in detail in this work.

3.3. Some separation performance parameters

Our experiments were carried out in a hydro-
dynamically closed separation compartment provided
with a 300-pwm 1.D. capillary tube. The use of such a
separation compartment requires that the electro-
osmotic flow is suppressed [23,24]. In our work, this
was achieved by using a high molecular mass
derivative of m-HEC in the carrier electrolyte (see
Section 2). PVP may act in a similar way to m-HEC
[23]. However, our experiments showed that by
omitting m-HEC from the carrier electrolyte sclu-
tion, a residual electroosmotic flow, manifested via
reduced separation efficiencies of the analytes [24],
occurred.

Using electrolyte system No. 3 (Table 1), which
provided baseline resolution of nitrophenols, very
reproducible migration times were typical not only in
a within-day but also in a day-to-day time frame
(Table 2). To achieve such day-to-day reproducibili-
ties of the migration times of the analytes, careful
preparation and storage of the carrier electrolyte
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Table 1
Electrolyte systems
Parameter CZE system no.
1 2 3
Carrier ion Glycine Glycine Glycine
Concentration (mmol/1) 50 50 50
Counter-ion BTP BTP BTP
Additive m-HEC m-HEC m-HEC
Concentration (%, w/v) 0.2 0.2 0.2
Complexing additive - B-CD PVP
Concentration - 2-10 (mmol/1) 0.5-2.5 (%, wlv)
pH 9.1 9.1 9.1
ITP system
Leading anion Chloride
Concentration (mmol/}) 10
Counter-ion BTP
Additive m-HEC
Concentration (%, w/v) 0.2
pH 9.2
Terminating anion Glycine
Concentration (mmol/1) 10
Counter-ion BTP
pH 9.1

BTP = 1,3-bis[tris(hydroxymethylymethylamino)propane; m-HEC =methylated hydroxyethylcellulose; B-CD=B-cyclodextrin, PVP=

polyvinylpyrrolidone.

solution was essential (see Section 2). When appro-
priate precautions were not taken, fluctuations in the
concentration of carbonate in the carrier electrolyte
solution were unavoidable. This resulted in fluctua-
tions in the migration times and in an uncontrollable

Table 2
Separation performance parameters for nitrophenols

decrease in the pH value via absorbed CO,. The
electropherograms shown in Fig. 6 illustrate these
problems. Here, we can see that proportional shifts in
the migration times due to increased conductivity of
the carrier electrolyte were combined with selective

Constituent Reproducibility of migration time" Separation efficiency®

Within day Day-to-day

(n=17) (n=59)
o-NP 0.31 0.98 196 000
m-NP 0.31 0.98 160 000
p-NP 0.32 1.00 204 000
2,4-DNP 0.32 0.98 184 000
2,5-DNP 0.29 0.99 190 000
2,6-DNP 0.36 1.00 203 000
3.4-DNP 0.33 0.95 203 000
2,4,6-TNP 0.28 0.98 203 000
p-N-m-C 0.31 0.95 174 000
4,6-DN-0-C 0.32 0.92 166 000

* Reproducibilities of the migration times are expressed as relative standard deviations.
® Separation efficiencies were calculated as the number of theoretical plates for a 1-m column.
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Fig. 6. Influence of CO, on the migration times of nitrophenols.
The separations were carried out in electrolyte system No. 3
(Table 1) with 2.5% (w/v) PVP. The model mixture contained the
analytes at 5-10 ppm concentrations. a=The separation compart-
ment and the electrode vessels were filled with a freshly prepared
solution of the carrier electrolyte as described in Section 2;
b=separation with the same carrier electrolyte solution and
sample as in (a) except that the solution in the electrode vessel at
the injection valve was not protected from contact with ambient
CO,. For all of the conditions, see Fig. 5.

shifts for mononitrophenols (the weakest acids
among the analytes) when the carrier electrolyte
solution was not protected from contact with ambient
CO,. The selective shifts for mononitrophenols were
linked with changes in their effective mobilities due
to the decreased pH of the carrier electrolyte [24].

The separation efficiencies achieved for nitro-
phenols under our working conditions are summa-
rized in Table 2. The use of a 300-pm 1.D. capillary
tube favouring enhanced sample loadability is less
convenient as far as thermal dispersion is concerned.
To make an estimate of its contribution to the overall
dispersion, we employed a calculation procedure
developed by Reijenga and Kenndler [30,31]. The
results of these calculations for working conditions
that were close to those used in our experiments
revealed that the thermal effects could contribute
40-50% to the total value of the height of the
theoretical plate.

3.4. Quantitative aspects

Concentration LODs for nitrophenols were esti-
mated using a detection wavelength of 254 nm for
the photometric detector and a 100-nl sample in-
jection loop. The measurements were carried out in
electrolyte system No. 3 at a driving current of 100
pA. The LOD data (Table 3) were calculated using a
procedure developed for elution chromatography by
Foley and Dorsey [32]. They clearly show the benefit
of using a tube with an inner diameter of 300 pm
compared with typical LOD values reported for 50—
75 pm LD. capillary tubes with on-column photo-
metric absorbance detection [17,24,33,34]. The re-
producibility of quantitating nitrophenols was as-
sessed for low ppm concentrations (see Table 3). At
concentrations corresponding to the limits of quanti-
tation [35], the R.S.D. values were two—three times
higher. The electropherogram shown in Fig. 7,
obtained from the separation of a model sample
containing nitrophenols at concentrations of 0.14-
0.59 ppm, illustrates the limits of the elaborated CZE
procedure in quantitation. The parameters of the
calibration lines for concentrations of interest are
given in Table 4.

3.5. Application potential

Nitrophenols often need to be determined in

Table 3
Limits of detection and reproducibilities in the determination of
nitrophenols

Constituent LOD Concentration R.S.D?
(ppm (ppm) (%)
o-NP 0.056 2.8 4.7
m-NP 0.027 2.8 5.4
p-NP 0.056 2.8 3.1
2,4-DNP 0.038 0.9 4.5
2,5-DNP 0.019 1.1 33
2,6-DNP 0.019 0.9 2.1
3,4-DNP 0.056 15 4.9
2,4,6-TNP 0.046 1.1 49
p-N-m-C 0.061 3.0 1.1
4,6-DN-0-C 0.080 5.9 1.6

*R.S.D.=relative standard deviation for three parallel determi-
nations.
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Fig. 7. CZE separation of nitrophenols present in a model sample
at concentrations approaching their limits of quantitation. The
concentrations of the analytes were, as follows: 0-NP=0.4 ppm;
2,6-DNP=0.14 ppm; 2,5-DNP=0.17 ppm; p=NP=04 ppm;
2,4,6-TNP=0.34 ppm; 2,4-DNP=0.28 ppm; m-NP=0.17 ppm;
p-N-m-C=046 ppm; 3.4-DNP=0.44 ppm; 4,6-DN-0-C=0.59
ppm. For further details, see Fig. 5.

various water matrices [1-10]. Therefore, rain,
drinking and process water samples were chosen to
test the improved procedure, especially, in terms of
potentially disturbing matrix effects. These samples
were spiked at two concentration levels. The first
concentration level (0.45-2.0 ppm of the analytes)
was intended for experiments with direct CZE
analysis. The samples spiked with nitrophenols at a

Table 4
Regression equations of calibration lines (y=a +bx) for nitro-
phenols

Constituent a b rt AxP
(mV s) (mV s/ppm) (ppm)

o-NP —187-10°  2.195-10° 0.9944  0.40-6.0
m-NP 1.87-10°  7.699-10° 09976 0.17-2.8
p-NP 0.02-10°  2.606-10° 0.9995  0.40-7.0
2,4-DNP —0.70-10>°  4.878-10° 0.9993  0.30-5.0
2,5-DNP -1.18-10°  5.988-10° 0.9996 0.17-2.8
2,6-DNP 371-10°  7.457-10° 09986  0.15-2.8
3,4-DNP 1.11-10*  5.372-10° 09998 0.45-74
p-N-m-C 1.99-10°  2.995-10° 09996  0.45-7.7
4,6-DN-o-C  —1.83-10° 4.826-10° 0.9997  0.60-9.9

* r=correlation coefficient.
® Ax =concentration intervals for which the calibration data were
measured.

concentration of 70-120 ppb were used in CZE
analysis combined with ITP sample pretreatment.
Only electropherograms obtained from the experi-
ments with drinking water are shown (Fig. 8 Fig. 9),
as identical CZE profiles were obtained for all
samples.

No interfering matrix effects were detected in the
direct CZE analysis of the water samples. However,
the LOD values attained under these conditions are
too high to be of general practical applicability in the
analysis of water samples [1-10]. Although an
improvement in this respect can be expected by
increasing the sample injection volume, there are
inherent limits in using such an approach [36].
Sample preparation techniques applicable for nitro-
phenols [1,2,6—10] offer more convenient solutions
in such situations. For CZE, the use of ITP pretreat-
ment offers some favourable features. These include
high recoveries, clean fractions of the analytes and
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Fig. 8. CZE separation of nitrophenols present in a drinking water
sample. a=drinking water sample (see Section 2); b=the same
sample as in (a) but spiked with the nitrophenols that were being
investigated. The concentrations of nitrophenols were: o-NP=1.4
ppm; 2,6-DNP=0.45 ppm; 2,5-DNP=0.55 ppm; p-NP=1.4 ppm;
2,4,6-TNP=1.15 ppm; 2,4-DNP=0.90 ppm; m-NP=0.55 ppm;
p-N-m-C=1.55 ppm; 34-DNP=145 ppm; 4,6-DN-0-C=2.0
ppm. For further details, see Fig. 5.
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Fig. 9. CZE separation of the nitrophenols present in a drinking
water sample following ITP pretreatment. a=Drinking water
sample (a fraction from the ITP pretreatment in which nitro-
phenols are to be expected); b=the same sample as in (a) except
that the sample was spiked with nitrophenols at the following
concentrations: 0-NP=70 ppb; 2,6-DNP=92 ppb; 2,5-DNP=92
ppb: p-NP=70 ppb: 2,4,6-TNP=115 ppb; 2,4-DNP=92 ppb;
m-NP=70 ppb; p-N-m-C=75 ppb; 3.4-DNP=92 ppb; 4.6-DN-o-
C=100 ppb before the pretreatment. Volumes (205 wl) of both
samples were taken for ITP pretreatment. The ITP separation was
carried out in electrolyte system ITP (Table 1). The fractions
trapped by ITP for final CZE analyses were present in 20 pl
volumes. For further details on the ITP pretreatment, see the text.
CZE separations were carried out using the conditions described
in the legend to Fig. 5.

well-defined separating conditions in the pretreat-
ment, which can be considered to be orthogonal to
the final CZE separation [22]. The electropherograms
shown in Fig. 9 illustrate some of these advantages.
From the point of view of detecting nitrophenols,
they indicate that a further improvement could be
expected if the Limitations associated with the CZE
injection technique used in this work could be
overcome (of a 22-25 pl fraction containing nitro-
phenols after ITP pretreatment, only ca.0.5% could
be accommodated by the CZE equipment). Steps to
be taken to eliminate these limitations were dis-
cussed in detail elsewhere [22].
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