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A capillary electrophoretic method for simultaneous determination of ni-
trate, nitritte and ammonium ions has been developed. Direct (NO,,
NO,") and indirect (NH,*) UV detection at 214 nm in conjunction with
electromigration sampling from both ends of the capillary was used. Op-
timization of the experimental parameters such as electrolyte concentra-
tion, pH, nature of counter-ion, was studied. The optimized separations
were carried out in 5 mmol/l copper(Il) chloride, 10 mmol/l ethylenedi-
amine, 1 mmol/l triethanolamine and 0.05 mmol/l tetradecyltrimethylammo-
nium hydroxide electrolyte (pH 8.2). The method permits excellent sepa-
ration of three nitrogen species in only 5 min. A 1 x 10 mol/l Br- was
used as an internal standard to limit possible electrokinetic injection
biases. The proposed system was applied to the speciation of inorganic
nitrogen ions in river water samples. The CE results agree with those

obtained by spectrophotometric methods.
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INTRODUCTION

The nitrogen cycle is of particular significance in a
number of biological and non-biological processes
in the environment [1]. Natural and anthropogenic
effects can cause localised interrelated changes in
the cycle. In order to assess the impact and extent
of the changes, it is essential to develop rapid and
simple analytical techniques for a simultaneous de-
termination of inorganic nitrogen species in a wide
variety of environmental samples.

Many methods have been used for determina-
tion of nitrate, nitrite and ammonium in environ-
mental samples. Most important are spectrophoto-
metric and ion chromatographic (IC) methods. Spec-
trophotometric techniques often involve conversion
of nitrite into an azo dye coupled with aromatic
amines [2, 3]. Nitrate is previously reduced to ni-
trite, usually with Cd, and is then determined by
difference. In the spectrophotometric determination
of ammonium the Nessler [4] and indophenol [5]
methods appear to be dominant. All these methods,
however, are plagued with many interferences such
as dissolved organic matter and common metal ions.
Moreover, the use of three separate analyses for
each nitrogen species is labour-intensive as well as
time-consuming.

The most common analytical technique used for
nitrogen species in the last two decades is IC [6].
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However, determination of anions and cations by
IC requires entirely different conditions (stationary
and mobile phases). Mou et al. [7] used a mixed
anion—cation-exchange column for simultaneous de-
termination of all three nitrogen ions. Nitrate and
nitrite were detected by UV spectrometry and the
ammonium ion by the use of a chemically suppressed
conductivity detector. The major disadvantage of this
system is a relatively low selectivity in comparison
with conventional IC columns.

In recent years the use of capillary electrophore-
sis (CE) for analysis of ionic analytes has grown
significantly. Because of its higher resolution, shorter
analysis time, lower consumption of reagents, and
greater simplicity in operation compared to IC, CE
has received a great deal of attention for determi-
nation of inorganic ions. Numerous applications of
CE have been reported for determination of nitrate
and nitrite anions [8-14] or the ammonium cation
[15-17] in various aqueous and other samples. How-
ever, as the separation by CE is based on the dif-
ference in electrophoretic mobilities of the analytes,
determination of fast anions and cations in a single
analysis under conventional CE conditions is not
possible.

In this paper, we report on the CE approach for
a simultanecous determination of nitrate, nitrite and
ammonium ions based on electrokinetic sample in-
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jection from both ends of the capillary and both
direct and indirect UV detection. Determination of
nitrogen species in river water samples by the CE
method was compared to the conventional spectro-
photometric methods.

EXPERIMENTAL

Separations were performed on a P/ACE 2100 ap-
paratus (Beckman Instruments Inc., Fullerton, CA,
USA) equipped with a UV detector with wavelength
filters (200, 214, 230 and 254 nm). Fused silica
capillary (Polymicro Technology, Phoenix, AZ, USA)
of 75 um i.d. (375 um o.d.) and 90 cm total length
(50 cm to the detector) was used. Samples were
introduced by electromigration injection (5 kV, 5 s)
from both ends of the capillary. System Gold soft-
ware was used for data acquisition. UV detection
was employed at 214 nm. All experiments were
conducted at 25 °C.

Deionized water was obtained by passing distilled
water through a Waters Milli-Q water-purification
system (Millipore, Eschborn, Germany). Ethylenedi-
amine (En) and triethanolamine (TrEA) were from
Sigma (Sigma, St. Louis, MO, USA). All other re-
agents, of analytical-reagent grade, were obtained
from Merck (Darmstadt, Germany). Stock solutions
(0.01 mol/l) of analyte ions and internal standard
were prepared from appropriate salts. Tetradecyl-
trimethylammonium (Merck, Darmstadt, Germany)
hydroxide (TTAOH) was prepared from bromide salt
by conversion, using an OH- form anion-exchange
material ARA-12P (Reachim, Russia).

The working electrolytes were prepared fresh
daily. All electrolyte solutions were filtered through
a 0.45 um membrane filter and degassed by
ultrasonication. The capillary was rinsed with 1.0
mol/l sodium hydroxide and water for 5 min, then
equilibrated with carrier electrolyte for 30 min at
the beginning of each day. Between all electro-
phoretic separations the capillary was rinsed for 2
min with carrier electrolyte.

RESULTS AND DISCUSSION

In our previous work [18, 19] for the simultaneous
CE separation of common inorganic anions and
cations based on electromigrative sample introduc-
tion from both ends of the capillary and indirect
UV detection, we used an electrolyte containing two
UV chromophores: cationic imidazole and anionic
nitrate or chromate. However, most environmental
and biological samples contain large amounts of
chloride, sulfate, and hydrogen carbonate anions
which interfere in the determination of anionic ni-
trogen species. Relatively high UV absorbance in

the wavelengths range between 200 and 220 nm of
both nitrate and nitrite anions enables the use of a
direct detection technique for these analytes [14].
This approach has the advantage of eliminating in-
terferences from non-absorbing anions such as chlo-
ride, sulfate, etc. Moreover, in this case the carrier
electrolyte must contain only one cationic UV chro-
mophore, that significantly improves the baseline
stability and detection sensitivity of both anionic and
cationic analytes.

Because ammonium has no UV absorbance, for
simultaneous UV detection of all three nitrogen
species the carrier electrolyte must contain a cat-
ionic UV chromophore. However, common cationic
UV chromophores used for determination of cat-
ions are weak organic bases, which can be used only
in acidic medium (pH < 6) due to their
deprotonation or low solubility at higher pH values.
In our previous work [16] we have introduced cop-
per(Il) chelate with ethylenediamine (En) as a cat-
ionic UV chromophore. This stable cationic com-
plex exhibits a strong UV absorption over a wide
wavelength range below 260 nm. In addition,
Cu(En),** does not change the charge and mobili-
ties in the pH range of at least 5-10.

Separation optimization. Preliminary experiments
were performed in 7.5 mmol/l Cu(En)** electrolyte.
Electrolyte solutions containing Cu(En),* chelate
were prepared by neutralization of CuCl, or CuSO,
standard solutions with an appropriate amount of
En. In order to increase the buffering capacity of
the electrolyte, 1 mmol/L triethanolamine was also
added. An addition of 0.05 mmol/l of TTAOH to
the carrier electrolyte additionally reduces the mi-
gration times for anions and increases those for
cations. Figure 1 demonstrates the separation of a
standard mixture of NO,-, NO,, NH,* and K* ions
using copper chloride and sulfate salts for prepara-
tion of carrier electrolyte. It is interesting to note
that when chloride electrolyte is used, the resolu-
tion between nitrate and nitrite is significantly bet-
ter. It is well known that the highest separation
efficiency in CE should be obtained when the effec-
tive mobilities of the analytes and of the electrolyte
co-ion are similar. Both chloride and sulfate have a
similar mobility [20]. Consequently, the peak shapes
for nitrogen anions also should be similar in both
cases. Moreover, electropherograms in Fig. 1 dem-
onstrate that the nature of the electrolyte anion also
influences the peak shapes of the cations studied in
the same manner. In order to explain such results,
the effective mobility of the Cu(En),** cation was
measured in electrolytes containing different anions.
The results given in Table 1 demonstrate relatively
high variations of the Cu(En),** mobility vs. the
nature of the counter-ion. It can be concluded that
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Fig. 1. Electrophoregrams of a standard solution using
(a) Cu(En),**-chloride and (b) Cu(En),**-sulfate electro-
lytes. Electrolyte, 7.5 mmol/l copper(Il) salt, 15 mmol/l
En, 1 mmol/l TYEA, 0.05 mmol/l TTAOH; pH 7.5 (with
HCI or with H,SO,, respectively); applied voltage, +30 kV

Table 1. Effect of electrolyte anion on effective mobility
(1) of Cu(En)>** cation

Electrolyte (pH 8.0; +25 kV) | p, x 10* cm* V7 s

20 mmol/l CH,COONa 5.4
20 mmol/l NaCl 5.1
10 mmol/l Na,SO, 3.6
10 mmol/l Na,HPO, 3.8

hydrophobic chelate tends to form ion-pairs with
higher charged anions such as SO and HPO,*.
This association process reduces its effective mobil-
ity and also the mobility of the counter-ion. Thus,
Cu(En),**-chloride electrolyte is more suitable for
separation of inorganic nitrogen species.
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However, the separation of NH,* and K* is dif-
ficult due to their identical electrophoretic mobili-
ties at a neutral and slightly acidic pH [21]. Increas-
ing the electrolyte pH provides additional possibili-
ties to optimize the separation selectivity. As the
pH of the electrolyte is increased, the ammonium
ion becomes less protonated (pK* = 9.25) and its
mobility significantly decreases. Results in Fig. 2
demonstrate a good resolution of K* and NH,* ions
in the pH range above 8.0. In the pH range above
8.5 the peak area of ammonium dramatically de-
creases. This limits the electrolyte pH to values
below 8.5.

Migration time, min

pH

Fig. 2. Effect of electrolyte pH on the migration times of
K* and NH,* cations. Electrolyte, 7.5 mmol/l CuCl,, 15
mmol/l En, 1 mmol/l TTEA, 0.05 mmol/l TTAOH; applied
voltage, +30 kV

The effect of Cu(En),**-chloride concentration on
the separation efficiency and detection sensitivity was
studied in 2.5-10 mmol/l range by maintaining a
constant pH value of 8.2. The results showed that
with higher electrolyte concentrations a better reso-
lution was observed due to the increasing separa-
tion efficiency. The maximum signal-to-noise ratio
was in the range of 5.0-7.0 mmol/l Cu(En),**-chlo-
ride concentrations. Figure 3 shows an example of
simultaneous separation of inorganic nitrogen spe-
cies and potassium ion obtained under optimum
conditions. All ions are fully separated in less than
4 min.

Validation of the method. The proposed CE sys-
tem requires introduction of an electrokinetic (EK)
sample. In EK injection the amount of the analyte
injected (n,) can be expressed as follows [22]:

_ (paz peo) - 72 -
L
where p_is the electrophoretic mobility of the
analyte, p_ is the mobility of the electroosmotic flow
(EOF), r is the inner radius of the capillary, L is

Na . Uinj - tinj - Ca,
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Fig. 3. Electrophoregram of a standard solution under
optimum conditions. Electrolyte, 5 mmol/l CuCl,, 10 mmol/
1 En, 1 mmol/l TrEA, 0.05 mmol/l TTAOH, pH 8.2;
applied voltage, +25 kV

the total length of the capillary, U,

matrix. This bias means that the peak areas obtained
for the same ions in samples of different matrices
cannot be compared directly. Matrix bias can be
minimized or entirely eliminated by using an inter-
nal standard for quantitative analysis [24].

For quantitative analysis we have selected Br~ (as
its potassium salt) as an internal standard. The
mobility of this anion is close to those of the
analytes, therefore mobility bias should be negligible.
A 1 x 10* mol/l concentration of Br- was used in
all measurements. An injection of this pure solution
did not show any presence of the analytes studied.

The linearity of the calibration curves was mea-
sured by triplicate injections (5 kV, 5 s) of stan-
dards containing 1x10* mol/l Br~ at seven different
concentration levels (5 x 10 — 5 x 10~ mol/l). For
evaluation of calibration curves, the peak areas of
the analytes were divided by the peak area of the
internal standard and plotted vs. analyte concentra-
tion. Table 2 summarizes the results of the calibra-
tion curves for all three analytes. As can be ob-
served, valid calibration is demonstrated at least over
two orders of magnitude.

The detection limits (LOD) were determined for
EK injection of standard solutions containing 1 X
10* mol/L KBr at 5 kV for 10 s based on three
times the baseline noise and are also summarized
in Table 2. It should be noted that LODs can be
reduced at least by a factor of 10 when the concen-

is the injection voltage, b is thlg Table 2. Calibration data and detection limits for ions studied
1n]ect10.n time, ¢, is the molar con- Analyte Equation of Correlation | Detection limit,
Ceni[ratlli)n of theh analgte. bility of regresion lines coefficient (%) mol/l

n the case when the mobility o
the analyte is in the opposite direc- Egz_ y= _gggig + ;gg X igjc gggg ; x 18_:
. -y = -0. + 2.53 x 10% . x 107
tion 1o that of the EOF only NH2+ y = 0.0567 + 0.86 x 10% 0.996 5 x 107
analytes with absolute values of 4

exceeding the magnitude of the

EOF can be injected. Based on Eq. (1), two differ-
ent kinds of bias can be observed using the EK
injection mode for quantitative analysis [23]. One is
brought about by the different mobilities of the
species in the sample solution. This effect causes a
distortion in the ratio of peak areas for ions having
different mobilities. All the three inorganic nitrogen
species have similar mobilities (7.40 x 10+, 7.46 x
10* and 7.60 x 10* cm*V s for NO,, NO, and
NH,*, respectively), therefore the mobility bias
should be negligible.

The second bias (matrix bias) is related to the
ionic strength of the medium in which the analytes
are dissolved. Since the mobility of the ions is
strongly influenced by the conductivity of the sample,
even if the concentration of the analytes injected is
held constant, the injected amount of the analytes
will vary according to the composition of the sample

tration of KBr in the standard solutions is of the
same order as analytes concentration. The LODs
achieved with the proposed method were suitable
for natural water samples, and no further optimiza-
tion was performed.

Analysis of water samples. To evaluate the pro-
posed system for real samples, it was applied to the
speciation of inorganic nitrogen ions in river waters.
Figure 4 shows a typical electropherogram for a river
water sample solution.

Several river water samples were analyzed by the
proposed CE method and by spectrophotometric
methods [2]. The results are compared in Table 3.
No nitrite was detected by both methods in any of
the samples in this study. As can be seen, the CE
method showed good agreement with data obtained
from spectrophotometric techniques. It should be
noted that other common cations such as sodium,
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Fig. 4. Example electrophoregram of a river water sample.
Conditions as in Figure 3

Table 3. Data comparison (mg/l) of river water samples
(n =5)

Sample | Analyte | CE | Spectrophotometry
Neris river  NO,~ 18.6 (2.8)" 19.8 (2.6)
water NH,* 021 (5.6) 0.25 (5.1)
Vilnelé NO, 225 (2.5) 24.6 (3.1)
river water NH,*  0.18 (4.8) 0.16 (5.7)
Neveézis NO, 134 (3.0) 12.7 (3.5)
river water  NH,*  0.12 (6.9) 0.15 (6.3)

“Values in parentheses are R.S.D. (%).

calcium, magnesium and others migrate slower un-
der conditions used. Consequently, these ions do not
interfere with the determination of nitrogen species.
The analysis does not require any preliminary treat-
ment of the samples except filtration and addition
of the internal standard.

CONCLUSIONS

A new CE system based on the electromigrative
sample introduction from both ends of the capillary
was developed for single-run determination of ni-
trate, nitrite and ammonium. Precision of EK injec-
tion is improved by using internal standard. The
developed CE method is fully suitable for analysis
of inorganic nitrogen species in river water samples.
The CE method is extremely fast, because it re-
quires one run for all three analytes, provides ac-
ceptable precision and can be efficiently used in
routine analysis.
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AZOTO FORMU NUSTATYMAS UPES VANDENYJE
KAPILIARINES ELEKTROFOREZES METODU

Santrauka

Kapiliarines elektroforezés metodas optimizuotas azoto
formoms atskirti ir nustatyti vieno analizés ciklo metu.
Metodas remiasi elektrokinetiniu méginio idéjimu i abu
kapiliaro galus bei tiesioginiu (NO,™ ir NO,") ir ne-
tiesioginiu (NH,*) detektavimu, kai bangos ilgis 214 nm.
Istirta elektrolito pH, koncentracijos bei anijono prigimties
itaka azoto formy atskyrimui. Optimali elektrolito sudeétis:
5 mmol/l CuCl,, 10 mmol/l etilendiaminas, 1 mmol/l trieta-
nolaminas ir 0,05 mmol/l tetradeciltrimetilamonio hidro-
ksidas (pH 8,2). Metodas sékmingai pritaikytas azoto
formoms upés vandenyse greitai nustatyti.

b. Ilpanaiitute, A. Ilagapayckac

ONPEJEJEHUE ®OPM A30TA B PEYHOM
BOJAE METOAOM KAIMWUJIAPHOI'O
JIEKTPO®OPE3A

PeswowMme

Mertox KamuIIpHOTO 3JeKTpodope3a ONTHMH3UPOBAH IS
OJHOBPEMEHHOTO pa3/eJCHUS M OImpeneicHus (opm
a3oTa. MeTon OCHOBaH Ha JJIEKTPOKMHETHYECKOM BBeJie-
HUHM TIPOOBI B 002 KOHIIA KAaIHWUIAPa, a TaK)KEe Ha MPSIMOM
(NO,~, NO,") u xocennom (NH,") meTekTupoBaHHU HpH
214 um. HccnenoBano Biwsive pH, KOHIEHTpamuy W TpH-
pOIBI TIPOTMBOMOHA JJISKTPOJITa Ha pasnenieHne (Gpopm
a3ota. ONTHUMAaJIBHBI COCTaB JICKTPOIMUTA: S5 MMOJIB/TI
CuCl,, 10 MMOnB/n STHIEHAMAMHMHA, | MMOJB/JI TpHU3Ta-
HonamuHa u 0,05 MMONB/J TETpagCUUITPUMETHITHIPOK-
cung ammonus (pH 8,2). Meron ycnemHo npumMeHéH ais
ObicTporo ompexaeneHuss GopM a3oTa B PEYHON BOJIE.
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