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Abstract

A new, simple, highly sensitive and selective method for the spectrophotometric determination of nitrite based on
the method of in-vessel headspace liquid-phase microextraction has been developed. It includes the release of iodine
vapor in the reaction of nitrite with an excess of iodide and its absorption by 50 puL of 1% potassium iodide. The
acceptor phase is located in the headspace above the solution in a specially designed container. Extraction of iodine
takes place from 10 mL of an aqueous solution containing 2 mL of 25% H2S04, after the introduction of 0.25 mL of 1%
KI. Full equilibrium is established after stirring the aqueous solution at 1200 rpm for 17 minutes. After that, the
triiodide complex formed in the acceptor phase is removed with a microsyringe and transferred into a quartz
microcuvette with a volume of 50 pL and an optical path of 10 mm, in which the absorbance of the solution of the
acceptor phase is measured at 350 nm. The calibration graph is linear (r2 = 0.9997) in the range from 3 to 120 pg L-1
(as NOz-) with a detection limit of 1.0 pg L-1. The developed method was successfully applied to determine the content
of nitrite ions in mine waters and is characterized by a higher sensitivity and lower influence of large amounts of
metal ions in comparison with the standard method based on the use of the Griess reagent.

Keywords: In-vessel headspace liquid phase microextraction; nitrite determination; spectrophotometry; mine waters

KOMBIHALISI KOHIIEHTPYBAHHSI METOIOM MAPO®A3HOI MIKPOEKCTPAKIII] Y
PEAKTOP TA CIIEKTPO®OTOMETPIi 111 BUSHAYEHHS HITPUTY Y IPUPOJHUX
BOJIAX

Anman-Epnin Tamen*,! Auapiii b. Bumnikin,! Moxamen K.E.A. Anb-1lIBelisT? Bopuc /Jl. XMes10BCbKHit!
1/Tninpoacbkuli HayioHaabHUll yHigepcumem imewi Osaecsi Fonwvapa, np. I'azapina, 72, /lHinpo, 49010, Ykpaina
2Ynigepcumemcokull kosedxc M. 3apka, [Ipukaadnuil Yuisepcumem Anv-Bbaska, 3apka, 8ya. Aab-Coam, 30, 19117, Hopdanis

AHoTarniqa

Po3p06/1eHO HOBMM, IPOCTUM, BUCOKOYYT/IUBMH i CeJIeKTUBHUI MeTOJ AJIs1 CHeKTPOPOTOMETPUYHOr0 BU3SHAYEHHS
HITPUTY, AKUH I'PYHTYEThCA Ha MeTOAi napoda3Hoi piANHHOI MikpoeKkcTpakuii y peakTop. BiH BK/I04a€e BUAiIeHHSA
napiB oAy B peakuii HITpMTY 3 HAJJIMIIKOM HoAauAy i morjMHaHHA 50 Mk 1% Hoauay Kasilo, IpU4oMy aKIienTOpHa
¢da3za po3smimyerbca B ra3oBiili ¢a3i Hajxg po3UyMHOM B cHenjia/JIbHO CKOHCTpyHOBaHi eMHocTi. EkcrpakiiiiHe
BUTATHEHHS Oy NPOXOAUTh 3 10 MJI BOAHOT0 PO34YHUHY, 110 MicTUTh 2 MJI 25% H2S04, nic/is BBegeHHs 0.25 mu 1%
KI. IloBHa piBHOBara BCTAaHOBJIEThCA MiCJA NepeMillyBaHHA BOAHOro po34yuHy nmpu 1200 o6 / xB npoTsrom 17
XBUJIHH. Ilics nporo TpuiioAUAHUI KOMIJIEKC, Il0 YTBOPHMBCA B aKLeNTOPHIN ¢asi, BigdupaeTbca Mikpomnpunem i
NepeHOCUTbCA B KBapLOBY MiKpOKIOBeTy 06'€eMoM 50 MK/ 3 TOBIIMHOI0 MOIJ/IMHAw4oro mapy 10 MM, B fAKi
BUMIipIOETHCA ONTHYHA F'YCTUHA PO34YUHY aKLenTopHoi ¢a3u npu 350 HM. 'pagyoBanbHuiil rpadik € aiHinHUM (r2 =
0.9997) B gianasoHi Big 3 70 120 Mkr 11 (1K NO2-) 3 Mekelo BusiBjIeHHs 1.0 MKkr j1-1. Po3po6/1eHuii MeTOA GYB yCHilIHO
3aCTOCOBAaHMM [Jid BH3HA4YE€HHA BMIiCTy HITPUT-iOHIiB B IIaXTHMX BOJAaX i XapaKTepU3YETbCS GiJbII BHUCOKOIO
YyTJIUBICTIO i MEHIIUM BIJIMBOM BeJIMKOI KiJIbKOCTi iOHiB MeTasiB B NOPiBHAHHI 3i CTAHAAPTHUM METOAOM, AKHHA
I'PYHTY€ETbCA Ha BUKOPHCTaHHi peakTuBy I'picca.

Knarouosi cnosa: napodasHa MiKpoeKCTpaKLisi y peakTop, BUSHAYEHHS HITPUTY, CIEKTPOPOTOMETPis, IIaxXTHi BOAH.
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KOMBHHAIIUA KOHIIEHTPHPOBAHHA METO/IOM ITAPO®A3HOH
MHUKPO3KCTPAKIIUH B PEAKTOP U CIIEKTPO®OTOMETPHUMU AJI4 OIIPEJAEJTEHUA
HUTPHUTA B IIPUPOJHBIX BOJAX

Anmapn-daauH Tamen™*! Ausipet B. BumiHukug,! Moxammen K.M.A. Anb-llIBelisaT?, Bopuc /.
XMesT0BCKUH 1

1/THenpoeckull HayuoHa1bHbIl yHUsepcumem umeru Oaecs ['onuapa, npocn. I'azapuHa, 72, [lHenp, 49010, YkpauHa
2YHusepcumemckuil koaaedxc 2. 3apka, [IpukaadHoil YHueepcumem Anv-baaka, 3apka, ya. Ans-Coam, 30, 19117, HopdaHus

AHHoTalusa

Pa3pa6oTaH HOBBIii, IPOCTOM, BHICOKOYYBCTBUTE/ILHbIN U CEJEeKTUBHBIA MeTOA AJisf CNeKTPOPOTOMETPUYEeCKOro
omnpejesieHUs] HUTPUTA, OCHOBAHHbIN Ha MeToJe napodasHoi KUAKOCTHONH MHUKPOIKCTPAKIMU B peakrop. OH
BKJIIOYAeT BblAe/leHUe NMAapoB oJa B peaKuy HUTPHUTA C U3GHITKOM HoAauAaa u noryiomeHue 50 Mxia 1% Hoauga
KaJius, npuyeM ¢asa akuentopa pa3MeniaeTcs B ra3oBoii ¢pase HajJ pacTBOPOM B clela/IbHO CKOHCTPYHMPOBaHHOM
€MKOCTH. JKCTPAaKLIMOHHOe U3BJIeYeHUe HoAa NpoxoauT 13 10 M1 BOAHOT0 pacTBopa, coaepxamero 2 mi 25% H2S04,
nocjie BBegeHus 0.25 ma 1% KI. Ilos1Hoe paBHOBecHe ycTaHaB/IMBAeTCs NocJle epeMeliiBaHiA BOJHOr0 pacTBopa
npu 1200 06 / MuH B TedyeHre 17 MuHyT. [loc/ie 3TOro TpuiloAUAHBINA KOMILIEKC, 06pa30BaBLINIICS B aKLLeNTOPHOMI
dase, usBjekaeTcd MUKpPOIINPUIOM U NEePEHOCUTCS B KBapLeByl0 MHUKPOKIOBeTy 06beMOM 50 MKJI C TOJIIIMHOM
norJionjampiero cjioa 10 MM, B KOTOpoii U3MepsieTcs onTHYeCcKasi IVIOTHOCTh PacTBOpa aKenTopHoi ¢assl npu 350
HM. 'paaynpoBouHbIi rpaduk sABIsgeTca JMHEHHBIM (12 = 0.9997) B Auana3oHe oT 3 A0 120 Mkr a1 (kak NO2z2-) ¢
npejesoM o6GHapy:xeHusi 1.0 Mkr -1, PaspaGoTtaHHBIii MeTOA OGbLI yCIHENIHO NPUMEHeH JJI omnpejeseHus
coJiep>KaHus HUTPUT-MOHOB B IAXTHBIX BOAAX M XapaKTepHu3yeTcs 60Jiee BbBICOKOH YYBCTBUTE/IbHOCTBHIO M MEHBIIUM
BJIMSIHMEM GOJBIIMX KOJIMYECTB MOHOB METa/I/IOB MO CPaBHEHHI0 CO CTaHAAPTHBIM METOJO0M, OCHOBAaHHBIM Ha
HMCN0JIb30BaHUM peakTuBa I'pucca.

Karouesvle cnosa: napodasHas MUKPO3IKCTPAKIMS B peaKTOP; onpeJie/ieHHe HUTPUTA; CIEKTPOPOTOMETPHUS; IIaXTHbIE BOADI.

Introduction

The hyphenated or hybrid techniques are
developed from the coupling of two or three
techniques in order to improve the capabilities of
analytical methods and broaden their
applications. Recently we have proposed new
method for the separation and preconcentration
of volatile and semi-volatile compounds - in-
vessel headspace liquid-liquid microextraction,
which can be combined practically with any
detection technique [1; 2]. In this approach, it was
proposed to held the acceptor phase in a specially
designed vessel suspended above the analyzed
solution in a hermetically closed vial. However,
generally accepted method of headspace liquid-
phase  microextraction  (HS-LPME) uses
configuration in which the acceptor phase is
suspended from the tip of a microsyringe needle
[3-6]. In this way, only up to 5 pL of extracting
solvent can be retained. This volume meets the
requirements of such important methods for the
determination of volatile species as gas
chromatography or capillary electrophoresis, but
combination with most other analytical
techniques is impossible or very limited. These
limitations have been partially circumvented
using various approaches. It was suggested to
keep the acceptor phase inside of a syringe [7] or
a glass tube [8]. The retained volume was
increased by equipping the syringe needle with a
small funnel [9], by using an ionic liquid [10] and
other methods. With the help of an optical probe,
a higher stability of the solvent drop was achieved,

which made it possible to conduct online
monitoring of the analytical signal [11;12].
Nevertheless, the volume of the extractant is
limited to 20-30 pL, and the optical probe itself
cannot be attributed to a cheap device.

The placement of the acceptor phase in a vessel
allows to flexibly change its volume. Existing
accessories for = spectrophotometry  are
represented, in particular, by micro cuvettes with
a volume of 50 or 100 pL or ultramicro cuvettes
with a volume of 5 or 10 pL. Previous studies [1; 2]
have shown that the extraction efficiency remains
at the same level as in previously developed
analytical methods. Moreover, a state of
equilibrium can be achieved in all cases, which
allows achieving the highest possible sensitivity
and good reproducibility of the assay. The method
was used to determine the forms of iodine,
including iodide and iodate. It is of interest to
evaluate the capabilities of the IV-HS-LPME
method for the determination of other species.

Among the various anionic analytes, the nitrite
ion is one of the most important because of its
biological and environmental effects. Nitrite is
widely used as a preservative in food, fertilizers,
detergents, wood pulp and dyes, and thus can be
released into the environment, contaminating soil,
groundwater, rivers and lakes. The important role
of nitrite in the production of N-nitrosamines,
some of which have been shown to be carcinogens
in humans, is well known. In addition, nitrite ions
can markedly reduce the blood's ability to carry
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oxygen through the irreversible conversion of
oxyhemoglobin to methemoglobin and leads to
methemoglobinemia in infants. According to the
World Health Organization, the maximum
allowable amount of nitrite ion in drinking water
is 0.1 mg L-1 [13]. High levels of nitrite ion can lead
to a wide range of adverse health effects and
ecosystem degradation. For example, nitrite can
damage the nervous system, spleen, liver and
kidneys of fish at concentrations as low as 0.25 pg
gl. Therefore, it is very important to develop a
fast, selective and simple method for the
determination of nitrite in trace amounts.

Several reports have been published on the
determination of nitrite, including
chromatography [14], electroanalytical methods
[15], and capillary electrophoresis [16]. Some of
these methods have low selectivity. Other
methods require expensive and complex
instruments or reagents, while others require
complex and time-consuming separation
procedures. However, spectroscopic methods are
the most widely used for the nitrite determination,
especially because of their simplicity and
availability [17]. Among them,
spectrophotometric methods based on the Griess
assay are widely used for water analysis [18, 19].
Nevertheless, Griess standard nitrite colorimetric
assay is often not sensitive enough to be applied
directly to water samples. Therefore, to
circumvent the low sensitivity of
spectrophotometric methods, several sample
preparation techniques have been developed,
such as solid-phase extraction (SPE) [19; 20] or
cloud point extraction (CPE) [21; 22] for
separation and preconcentration of nitrite in
aqueous matrices before spectrophotometric
detection. However, these methods of sample
preparation are associated with a relatively high
consumption of reagents and, as a consequence,
high waste generation. Flow injection [20] and
sequential injection systems (SIA) [23] were used
to increase sample throughput. Liquid-liquid
microextraction methods have already been
actively used for the preconcentration and
separation of nitrite, which will be discussed later
in this article.

The aim of the study was to develop a simple,
relatively  fast, selective and  sensitive
spectrophotometric method for the determination
of nitrite in natural waters using the recently
developed new IV-HS-LPME approach for
preconcentration and separation.

Experimental part

Reagents and equipment. All chemicals used
were analytical reagent grade or higher and were
not further purified. Double-distilled water was
used throughout the study. A 25 % sulfuric acid
solution was obtained by diluting 34.0 mL of
concentrated 96 % sulfuric acid (Sumy Chim
Prom, Sumy, Ukraine) to a volume in a 200 mL
volumetric flask. A stock iodide solution (10 g L-1)
was prepared from potassium iodide (Merck,
Darmstadt, Germany) and stored in a dark brown
glass container to protect the solutions from light.
172.5 mg of NaNO; was dissolved and made up to
volume with distilled water in a 25 mL volumetric
flask to prepare a 0.1 mol L! sodium nitrite
solution. 7.1 g of Na S04 was dissolved and made
up to volume with distilled water in a 25 mL
volumetric flask to prepare a 2 mol L! sodium
sulfate solution. The salting-out effect was tested
with two following salts: NaCl and Na;SO. (Life
Chemicals, Kyiv, Ukraine).

Absorbance and absorption spectra were
measured on an SF-46 spectrophotometer (LOMO,
St. Petersburg, Russia) equipped with glass
cuvettes with an optical path length of 10 mm.
Micro-volume quartz cuvettes (Starna Scientific
Ltd., UK) with a path length of 10 mm (50 pL) were
used to measure the absorbance. A magnetic
stirrer (RIVA-03.2, UOSIab, Ukraine) with heating
and electronic speed control was used to mix the
solutions. Experiments were performedina 15 mL
pharmacy vials equipped with a rubber stopper
(Fig. 1). A plastic or glass vessel designed to hold
the acceptor phase was secured with a wire in a
rubber stopper. The pH was monitored on a pH-
150 MI pH meter with an ES-10601 glass indicator
electrode and an ESD-10101 silver chloride
reference electrode.

Procedure for nitrite determination. 10 mL of
the sample containing from 3 to 120 pg Lt of
nitrite are transferred to a 15 mL glass pharmacy
vial. 50 pL of 1 % Kl are placed into the vessel fixed
in the headspace of the sample. Then the sample
solution is acidified with 2 mL of 25% sulfuric acid.
To initiate the formation of volatile iodine, 0.25
mL of 1% potassium iodide solution is injected
with syringe into the sample solution. Then, the
solution is stirred at 1200 rpm for 17 minutes.
After finishing the extraction, the acceptor phase
is transferred with a micro syringe to a 50 pL
quartz micro cell with a 10 mm path length. The
absorbance is measured at 350 nm.
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Absorbance measuring

4 A Y la — \
XZ Transfer of extracting phase to the microcuvette
[s=a]
/%
After 20 min 1
<— 50 pL micro-cuvette
Home-made
reactor u
-I 1200 rpm
Magnetic stirrer
\ 7 \ v

In-vessel headspace liquid phase microextraction

Fig. 1. Setup for the spectrophotometric determination of nitrite ions with preconcentration by IV-HS-LPME method

Results and its discussion

Chemistry of the method and choice of
extractant. In this work, we proposed to
determine nitrite by a method that involves the
conversion of iodide into volatile iodine in
reaction with nitrite and its subsequent
absorption by a solution of iodide with the
formation of a triiodide complex. In previous
experiments, we have chosen the most suitable
extractant. We tried to use a solution of starch,
toluene, dimethylformamide (DMF), and iodide as
an acceptor phase. The use of DMF was previously
recommended [24]. In this solvent, iodine is
converted to triiodide, which has the most intense
spectrum of all forms of iodine. We confirmed this
conclusion, but, unfortunately, the solvent we
used was rather contaminated and had a strong
background absorbance. So, we gave it up and
found a new system that was even more efficient.
When iodide reacts with iodine, the highly
absorbing triiodide is formed.

The determination is based on the reaction of
nitrite with an excess iodide.

2NOz + 61~ + 8H* = N3 + 3[2T+ 4H20 (D

During this reaction, iodine is generated in an
amount equivalent to the amount of nitrite
present in the sample to be analyzed. lodine is a
volatile substance. Consequently, under the
conditions of the analysis, most of it enters the gas
phase above the solution, and then dissolves in the
solution of the acceptor phase. The acceptor phase

contains iodide, which forms a stable compound
with iodine, triiodide, according to the reaction
L+I-=13 (2)

Triiodide is an intense yellow-brown
substance. The spectrum of this substance has two
intense absorption bands at 288 and 360 nm [2].
Although at 288 nm the molar absorption
coefficient is higher - 38790 mol-! L. cm-}, it is still
more convenient to use a wavelength of 350 nm (&
= 25750 mol-! L. cm-1), because at this wavelength
glass can be used, and not quartz cuvettes, as well
as simpler devices that do not have a deuterium
lamp (a source of ultraviolet radiation). In
addition, as we showed in [2], the resulting
sensitivity was similar for both wavelengths.

In previous experiments, we used another
direct reaction for the determination of nitrite
with the formation of a mixture of volatile
nitrogen oxides in the reaction with acid.

NaNO; + HCl = NaCl + HNO; 3)
2HNO; = N203 + H20 = NOT + NO,T+H»0 4)

But in this reaction it was not so easy to find an
acceptor solution that would give an intense color
with a mixture of nitrogen oxides. The
concentration of iodide in the acceptor phase was
taken to be 1 %, since in previous works [1, 2] it
was found that at this concentration the
equilibrium in reaction (2) completely shifts
towards the formation of the triiodide complex.

Influence of the concentration of iodide in the
donor phase on the evaporation of iodine. The
concentration of iodide required for the
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quantitative conversion of iodide to iodine was
studied in the range from 0.03 to 6 mmol L-! (Fig.
2A). The analytical signal remained practically
constant, starting at 1.0 mmol L-1. For further
experiments, the iodide concentration of 1.5 mmol
L-1 was chosen as optimal.

Influence of the concentration of sulfuric acid.
Sulfuric acid was chosen to acidify the reaction
mixture according to reaction (1). The effect of

0.5+ o

0.4 4
0.3 =

0.2 4

Absorbance

0.1 1

0.0 71171
o 1 2 3 4 5 &
iodide concentration (mmol L)

acid concentration on iodine formation was
studied by varying the concentration of H2SO4 in
the range from 0.075 to 0.9 mol L-1, when all other
conditions were kept fixed. Fig. 2B shows that sta-
rting with an H,SO. concentration of 0.5 mol L,
the dependence flattens out and the absorption
reaches a maximum. The optimal concentration
was taken as 0.6 mol L1 H,SO..

0o (8)
0.4 - .
0.3 4

0.2

Absorbance

0.1 4

00T T T T T T T T
00 0.1 02 03 04 05 06 0.7 08 0.9

Sulfuric acid concentration (mol L™)

Fig. 2. Influence of iodide (A) and sulfuric acid (B) concentration on absorbance of acceptor phase in the
determination of nitrite with IV-HS-LPME preconcentration. Volume of acceptor phase: (A) 100 pL; (B) 100 pL.
Concentration of nitrite: (A) 92 pg L-1; (B) 92 pg L1

Effect of stirring time. The extraction time is one
of decisive factors that affect the total time of the
entire analytical procedure. In the IV-HS-LPME
method, it is always possible to achieve a state of
equilibrium. As confirmed in this study, in all cases
we observed a plateau on the optimization curves.
This proves that overall extraction rate is
determined only by only one of the stages. This
stage is the absorption of volatile products (iodine

=

Absorbance

0 10 20 30 40 50 60
Time (min)

Absorbance

vapor) by the solution of the acceptor phase. We
investigated the dependence of the extraction
time for two volumes of the acceptor phase, 50 and
100 pL. As can be seen from Fig. 3A, the extraction
time decreases with decreasing volume of the
acceptor phase. It was equal to 15 and 20 min,
respectively. It is clear that the smaller the volume
of the acceptor phase, the faster the diffusion
process proceeds.

0.5 (B)
0.4 -
0.3 -
0.2 -

0.1

0.0
0 200

T T T T T T

T T T T T T 1
400 600 800 100012001400 1600

Stirring rate (rpm)

Fig. 3. Dependence of absorbance of acceptor phase on time of HS extraction for 100 (a) and 50 (b) pL of extracting

phase (A) and influence of stirring rate on the extraction of iodine vapor with 1 % potassium iodide (B). Volume of

acceptor phase: (A) 50 pL (a), 100 pL (b); (B) 100 pL. Concentration of nitrite: (A) 92 pg L-1 (a), 46 pg L1 (b); (B) 92
ug L1
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Effect of stirring rate. The stirring rate on a
magnetic stirrer affects the entire extraction
process, since the donor phase has a relatively
large volume and the diffusion process in it is
rather slow. Without stirring, the diffusion of
iodine in the donor phase determines the overall
extraction rate. It is well-known that rate of
diffusion of gases in headspace is much higher
than in the liquid phase. The absorbance stops to
rise when the stirring rate reaches 800 rpm. After
that, it remains constant. Consequently, the
extraction rate now depends only on the
processes occurring in the acceptor phase. To
ensure that the highest possible absorbance is
achieved, 1200 rpm was taken as optimal for
further research.

Influence of the volumes of donor, headspace and
acceptor phases on the extraction efficiency. In the
three-phase system under study, two equilibria
are established between the donor phase and the
headspace (Eq. (2)) and also between the
headspace and the acceptor phase (Eq. (3))

cl

D, = c_zq (5)
cel

D, = ﬁ (6)

The amount of analyte absorbed by the
acceptor phase, n = C:qVA, can be expressed as
[25]:

CoVaVpD1D,

n=_——= == (7)
D1D,V4+DyV+Vp
In these equations, C(yis the initial
concentration of the analyte in the donor solution;
cpl, €' and C;7 are the equilibrium

concentrations of the analyte in the donor
solution, the headspace, and the acceptor solution,
respectively; Vp, Vi, and V, are the volumes of the
donor phase, headspace, and acceptor phase,
respectively.

The effect of the volume of the donor phase on
the absorbance of the acceptor phase was studied
in the range from 2.5 to 10 mL using a vial with a
total volume of 15 mL (Fig. 4). The absorbance of
acceptor phase is directly proportional to the
volume of the donor phase and is in good
agreement with the values calculated by the Eq.
(7). The direct dependence of absorbance vs
donor phase volume indicates that the extraction
percentage was almost constant under the studied
conditions. 10 mL was chosen as the optimal total
volume of the donor phase.

1.4 <

1.2 1

1.0 4

0.8

0.6 1

0.4 4

Absorbance

0.2 4

0.0 L] I L] I L} I T I L |
0.0 25 5.0 75 100 125
Volume of donor phase (mL)

Fig. 4. Influence of volume of donor phase on the
absorbance of the acceptor phase

The importance of the right choice of the
headspace volume has been emphasized in
previous publications [1; 2]. It was recommended
to use as much as little volume of the headspace as
possible. The chosen volume of vial (15 mL) met
this requirement.

The volume of the acceptor phase also strongly
affects the value of the analytical signal. As
previously shown, the extraction efficiency is
approximately the same for volumes of 50 and 100
puL. Taking into account that 50 pL is smallest
possible volume of microcuvette used for
measurements, it was taken as optimal to provide
the highest sensitivity.

Analytical performance of the developed
method. The calibration graph for the
determination of nitrite ions was linear in the
range of concentrations from 3 to 120 pg L1 with
a detection limit of 1 pg Lt and a correlation
coefficient of 0.9997. Equation for calibration
graph was Abs =0.00947+0.00011 C(NOz"), where
concentration of nitrite is expressed in pg L-1. The
precision of the proposed method is high and
amounted to 1-2% for most of the concentrations
presented on the calibration graph.

Study of interference in the nitrite
determination. The interfering effect of some
typical ions present in natural waters on the
determination of nitrite was studied. The
concentration of nitrite in aqueous sample was
kept constant at a level of 10-6 mol L-1, while the
amount of interfering ion was varied. It was found
that when K+, Na+, Mg?+, Ca2+, HCO3-, SO42-, Cl-, NO3-
are present at least 1000-fold excess, they do not
interfere with the determination of nitrite. The
results obtained show that 6 mmol L-1
concentration of iodide did not cause any
influence on the analytical signal. The
concentration of NaCl 1 mol L-! has no effect on
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nitrite  determination. The most serious
interference occurs when iodate or bromate is
present in the sample along with nitrite. However,
the results obtained showed that up to 50 pgL-! of
bromate and 100 pgL-! of iodate can be tolerated.
The concentration of bromide can reach 100 mg L-
1 which is higher than typically found in natural
waters. It was shown that Fe3* does not interfere
up to 0.002 M (112 mr/x), Cr3+ can be tolerated up
to 0.004 M (212 mr/n).

Application of the developed method to the
analysis of natural waters. The developed method
was applied to determine the content of nitrite in
some types of natural waters. Particular attention
was paid to the analysis of mine waters originating
from the Krivoy Rog region. These waters are
heavily contaminated with iron, chromium and
many other metal ions and, in addition, contain a
large amount of organic matter. The content of

iron(III) was more than 0.1 M (5.6 g L-1) in some
cases. It was shown that when Fe3+ or Cr3+ were
present in concentrations, which exceeded the
allowable level, the simple separation by
precipitation with diethyldithiocarbamate was
efficient to remove completely such an undesired
effect as well as possible effects from some other
metal ions. The use of the classical method with
the Griess reagent is often not sensitive enough or
sometimes leads to conflicting results. Therefore,
separation of nitrite ions is necessary. In the
proposed hybrid method, the separation of nitrite
is combined with the spectrophotometric
determination. Consequently, the proposed
method, as it also follows from the interference
study, is highly selective and can be recommended
for highly sensitive determination of nitrite ions in
many types of waters.

The results of the determination of nitrite ions in mine waters of Nord mining and processing plant (Krivoy E?)zl,e !
Ukraine)
Sample Nitrite added Nitrite found Recovery (%) Total nitrite found Found by Griess
(ngLY) (ngLY) (mg L) method (mg L)
22 22.3+2.0 - 0.0322+0.005 <DL
46 67.1+6.8 98.0 -
- ) ) <0.f)01 <DL
9% 96+1.2 100.1
72 97.5+1.5 - 97.4+2.3 94.7+4.7
46 150.3+5.3 104.2
74 29.0+1.4 - 0.040£0.009 <DL
96 119.9+4.4 96.0

The content of nitrite in mine waters of the
Nord mining and processing plant (Krivoy Rog,
Ukraine) is less than the detection limit of the
Griess method, which is accepted as standard for
the analysis of natural waters. However, using the
proposed method, it is possible to determine
nitrite ions in most of the analyzed samples. The
matrix effect of high concentrations of iron(Il, III),
chromium(III) as well as other metal ions is absent
or can be easily removed recipitation with
diethyldithiocarbamate, which follows from the
recovery study.

Comparative characteristics of the developed
method. Comparison of the proposed method with
the reported LPME techniques for the
determination of nitrite is given in Table 2. Many
of the proposed methods are too time-consuming.
The use of a membrane and rotatory mixer in [26]
for preconcentration results in a long extraction

time of 2 hours and a complicated procedure.
Tedious operations, including preparation of the
reaction mixture, centrifugation and cooling, are
characteristic of preconcentration by micelle-
mediated extraction [21]. An approach similar to
that described in this paper was developed by
Bendicho et al. [18]. Aqueous microdrops
containing the Griess reagent, exposed in
headspace, were used as an extractant for volatile
nitrogen oxides formed from nitrite by direct
acidification of an aqueous sample. Despite the
high enrichment factor of 193 and the small
volume of the acceptor phase of 3 pL, the obtained
sensitivity was the same as in the method
developed by us. 7 minutes of extraction is not
enough to achieve complete establishment of
extraction equilibrium. In addition, the percentage
of extraction is significantly decreased with such a
high ratio of aqueous to organic phases.
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Sorption by polyurethane foam (PUF) of the
reaction product between nitrite and Griess
reagent and measurement of absorbance in a thin
layer of PUF were used in [19] to determine nitrite
and nitrate. The procedure takes more than 10
min and includes two operations - the formation
of a colored substance and the sorption of it by
PUF. It is inconvenient to measure the absorbance
of a thin PU foam layer. This technique, which
enhanced analytical sensitivity of colorimetric
solution methods, has several shortcomings. It is
extremely time and labor consuming since several
steps are required, including preparation of
sorbent, reaction development, filtration,
washing, loading of the cell with the particles,
detection and unloading for each determination.
Furthermore, skill and expertise are required to
form a homogeneous solid layer in the cell as well
as the use of large volume of sample solution and
a large amount of solid material that is renewed
after detection. Finally, classical ion-exchangers

exhibit kinetic problems associated with
diffusional transport of analyte.
Ion pair-based dispersive liquid-liquid

microextraction was used to preconcentrate
iodine formed in the reaction between nitrite and
iodide [27]. The method has similar sensitivity to
that proposed in this study, although the
extraction efficiency of the direct approach is
about ten times better than for the HS mode of
LPME. Solvent stir bar microextraction technique
with three-hollow fiber configuration was
proposed for the determination of nitrite in river
water [28]. The method is complex. For
determination, three pieces of hollow fiber with a
diameter of 4.4 cm are used, which, before
determination, should be immersed for 1 min in an
organic solvent (n-octanol), and then the open
ends of the fibers are thermally closed. The total
time of determination is long, taking into account
20 min required to finish the reaction between
nitrite and iodide, 8 min of extraction and time
necessary to accomplish all the necessary
operations.

Vortex-assisted liquid-phase microextraction
based on supramolecular solvent was used to
determine nitrite in meat [29]. However, the
method has bad sensitivity, which is explained by
the fact that a poorly absorbing form was used
(intrinsic absorption of nitrite ion) in the
determination. The volume ratio of the donor (2
mL) and acceptor phases (0.4 mL) was also low.
Therefore, it is not clear how such a high
preconcentration factor (PF = 95) was declared in
the article. A hydrophobic deep eutectic solvent

was used as an extrahent in vortex-assisted
dispersive liquid-liquid microextraction in
combination with HPLC for the determination of
nitrite in water [14]. Procedure is somewhat
complicated, as it involves several stages, such as
the formation of a colored substance, the synthesis
of a deep eutectic solvent, extraction and
centrifugation. An expensive instrument (HPLC)
was used for the nitrite detection. A large volume
of extrahent (8 mL of 5% Triton X-100) was used
for the cloud point extraction of iodine formed in
the reaction of nitrite with iodide, which limits the
preconcentrating achieved in the method [22].
The CPE extraction takes a long time more than 30
min to complete the separation. The same can be
said about another method, in which the
formation of an ion associate between nitrite and
2,6-bis(4-methoxyphenyl)-4-phenyl pyrylium
was used for its extraction with microcrystalline
naphthalene [30]. A large volume of extracting
solvent was used (5 mL of 20% naphthalene) was
used, which deteriorated the obtained sensitivity.

The reaction product of nitrite with 2,3-
diaminonaphthalene was extracted using a
dispersive LLME [31 Zahedi]. The method is a
multi-step procedure with moderate sensitivity.
Vortex-assisted LLME using isooctanol as
extractant followed by spectrophotometry was
developed for the extraction and determination of
trace amounts of nitrite in water samples [32]. The
method is based on a selective ion-pair complex of
triiodide with Malachite Green. This method has a
low enrichment factor and also uses large volumes
of sample (up to 40 mL) and organic solvent (2
mL).

Conclusions

A new highly selective, sensitive, and low-cost
spectrophotometric procedure for the
determination of nitrite was developed and
applied to the analysis of mine waters.
Preconcentration was carried out using a new
recently proposed approach based on headspace
microextraction. HS-LPME is clearly different
from other LPME methods. This approach allows
the analyte to be easily and completely separated
from complex matrices. In the HS-LPME, phase
separation and following transfer to the
instrument are greatly simplified. Unlike other
types of LPME [4; 6; 33; 34], both water-
immiscible and water-miscible solvents can be
used to extract the analyte from the donor phase.
Application of HS-LPME is limited to volatile or
semi-volatile analytes.
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This approach combines several steps in
sample handling, including separation,
preconcentration, and transfer of the extract to
the instrument. However, it suffers from several
factors that cause significant worsening of
reproducibility. The microdrop can increase or
decrease in volume due to the absorption of water
vapor or evaporation of the solvent, respectively.
Equilibrium is often not achieved in procedures
using the HS-LPME, as the microdrop can become
unstable with longer extraction times. The solvent
can separate from the tip of the needle, so the
experiment requires careful and complex manual
operation. Holding the microdrop at the tip of a
microsyringe needle makes the preconcentration
method incompatible with a number of commonly
used detection methods, including
spectrophotometry, luminescence, or flame AAS.

The proposed method completely eliminates
most of the disadvantages inherent to the
previous approaches, including too small volume
of the extraction phase or problems with the
stability of microdrop, and restrictions on the
stirring speed or extraction time. Compared to
previous approaches, IV-HS-LPME method is fully
compatible with conventional instruments and
accessories used in spectrophotometry. It has a
higher extraction efficiency compared to the
approach using the suspended microdrop. The
method is distinguished by very good
reproducibility, since the optimal parameters are
chosen under conditions in which complete
equilibrium is established. As a result, a simple
model of interfacial equilibria is applicable to
describe the data obtained.

Volatile products were obtained in the reaction
of nitrite with an excess of iodide. Vapors of iodine
were absorbed by 1% potassium iodide to form a
highly absorbing triiodide complex. The
absorbance of triiodide was measured in a 50 pL
microcuvette.

An aqueous solution of potassium iodide was
used for the preconcentration of nitrite, and thus
extraction with a toxic solvent was avoided.
Comparison of the proposed method with the
previously reported methods for
preconcentration and spectrophotometric
determination of nitrite (Table 2) shows that the
proposed method is faster and simpler than
existing methods and provides a wider dynamic
range and lower detection limit than most existing
procedures.

The proposed method is of advantage for the
determination of nitrite in mine waters. The
sensitivity of the method is much higher than of
the standard Griess method. In addition,

interference from large amounts of iron(Il, III),
chromium(IIl) and other metal ions is significantly
lower. The color of turbidity of the sample do not
affect the determination of nitrite.
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