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The paper presents a comparative analysis of two methods of alcohol oxidase (A0O) immobilization for the
development of amperometric biosensor for ethanol determination in wine. A method of AO immobilization
in glutaraldehyde vapour appeared to be an optimal one for this purpose. The selectivity, operational and
storage stability, and pH-optimum for operation of the created biosensor were determined. The procedure
of ethanol determination in wine by the amperometric biosensor, based on platinum printed electrode
SensLab and AO, was optimized. The analysis of ethanol concentration in several wine and must samples
was carried out using the developed high-stable biosensor. A good correlation between data obtained by
the biosensor and densitometry methods was obtained.
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The procedure of ethanol determination in wine by
enzyme amperometric biosensor

Summary

Aim. Development of the procedure of ethanol determination in
wine by an enzyme amperometric biosensor. Methods. The am-
perometric biosensor method of ethanol analysis has been used in
this work. Results. The paper presents comparative analysis of two
methods of alcohol oxidase (AO) immobilization for development of
amperometric biosensor for ethanol determination in wine. The
method of AO immobilization in glutaraldehyde vapour was chosen
as optimal for this purpose. The selectivity, operational and storage
stability, and pH-optimum for operation of the created biosensor
were determined. The procedure of ethanol determination in wine
by amperometric biosensor on the basis of platinum printed elec-
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trode SensLab and AO was optimized. The analysis of ethanol
concentration in wine and must samples was carried out using the
developed high-stable biosensor. A good correlation between the
data obtained by the biosensor and densitometry methods was
shown. Conclusion. The proposed method of ethanol analysis could
be used in wine production.

Introduction. Ethanol is a main product of yeast fer-
mentation of grape must sugars. An actual yield of eth-
anol is 0.58 — 0.60 ml per 1 g of sugar and depends on
the yeast state and race. The dry table wines are charac-
terized by low alcohol content, 100% of which is of en-
dogenous origin. The dessert wines contain much more
alcohol, 80 — 90% of which is added exogenously [1].
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Ethanol content in wines should be strictly con-
trolled at all stages of winemaking because of its physi-
ological effect on human organism [2]. It is ethanol,
which calls forth toxic properties of alcoholic drinks, its
high concentration can result in alcoholic intoxication
[1, 3]. Thus, safe consumption of wines and other alco-
holic drinks is determined by the amount of ethanol in-
troduced into an organism. Besides, an increase in etha-
nol concentration in the must has a negative effect on
yeast growth and development during wine fermenta-
tion [1]. Therefore, permanent ethanol measurement,
along with an analysis of other key components, is nec-
essary from economical viewpoint to optimize
fermentation process and prevent its disorder [1, 4].

An analysis of three-phase system which is the must
at fermentation is rather a challenge. It is a complex
mixture of sugars, organic acids, proteins, amino acids,
pigments, tannins, aromatic substances, vitamins, en-
zymes, mineral salts, besides, there can be grape solid
particles, microorganisms, and gases [1, 5]. Wine is
also a complex of over 500 different organic and inor-
ganic compounds: alcohols, aldehydes, ketones, ethers,
carbohydrates, acids, as well as phenolic, nitrogenous,
mineral, and biologically active substances [1]. This is
why, tested components variety and medium heteroge-
neity are key factors to be taken into account at the wine
and must analysis. Correspondingly, a method sug-
gested for measurement of a certain wine component
should be based on the principles providing maximum
selectivity to a target analyte. Since the compound con-
tent essentially changes depending on the wine variety,
it is important to ensure measurement of the target
analyte in wide concentration range and to take into ac-
count the presence of interfering substances, amount
and composition of which are also different in diverse
types of wine materials and wines [6].

Traditionally, ethanol in wine is determined by gas
chromatography as well as by alcohol distillation with
subsequent distillate densitometry and refractometry
[1, 2]. These approaches can give reliable results, how-
ever, the distillation method is low specific towards eth-
anol because of the presence of other light compounds,
which are distilled together with the alcohol [2]. In ad-
dition, the classical methods require too much of time
consumption, highly experienced personnel, sample
special pretreatment, expensive and/or large equipment
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[1]. Besides, the traditional devices are immobile, can-
not be automated and adopted to the needs and financial
conditions of minor wineries, which require cheap and
reliable tools [7, 8].

Taking into consideration the above stated, the en-
zyme amperometric biosensors seem to be attractive al-
ternative to the traditional analytical methods and,
thus, their application is one of the most prospective ap-
proaches to solving the problems of fast, cheap and reli-
able determination of ethanol in complex mixtures —
must and wines [4]. Therefore, during last years the
biosensors are more and more widely used for the anal-
ysis of production quality in food industry including
winemaking [9].

Alcohol oxidase (AO), an enzyme produced by
methylotrophic yeast Hansenula, Pichia, Candida,
seems to be the most appropriate enzyme for develop-
ment of amperometric biosensors. AO is an oligomeric
block consisting of eight identical subunits organized in
quasi-cubical system, each of which contains strongly
bound cofactor PAD [10]. Owing to this, there is no
need to introduce the cofactor exogenously that simpli-
fies an analytical procedure [4]. The developed
amperometric biosensors based on immobilized AO,
have wide dynamic range from 0.1 to 30 mM of the sub-
strate concentration [10], which well corresponds to
the variation of ethanol concentration in wines and
wine materials.

However, numerous AQO based amperometric
biosensors developed up to date are to some extent dis-
advantageous compared to the traditional methods of
ethanol analysis in wine. The most important challenge
is their low stability and insufficient selectivity [4].

It is known, that enzymes removed from the natural
medium exhibit a tendency to fast loss of the activity
that limits the time of biosensor working capacity [11].
The data [12, 13] showed that AO is an enzyme with
low stability: it demonstrates only 50% of original ac-
tivity in 16 -18 days after immobilization. Other inves-
tigations found that the signal of the AO based biosen-
sor in one-month storage was 60% [14] and 30% [15,
16] of the original level.

Noteworthy, that in [13, 14] the AO immobilization
on the surface of platinum electrodes was carried out
electrochemically in osmium-containing [13] and acryl
[14] polymers, in [12] AO was immobilized in



OPTIMIZATION OF ETHANOL DETERMINATION IN WINE

polycarbamoylsulphite hydrogel, in [15, 16] — on car-
bon electrodes in glutaraldehyde. For the moment, it
has been established that enzyme stability depends,
along with other factors, on a method of its immobiliza-
tion on the electrode surface, an effect of sensitive
membrane components on the enzyme function and se-
lection of the electrode material [4]. As shown in [17],
the AO-based biosensor with gold electrodes and the
enzyme, immobilized by cross-linking with BSA in
glutaraldehyde, demonstrated almost 100% activity
after 90 measurements.

The reason of low biosensor selectivity to the sub-
strate can be sensitivity of the enzyme membrane
and/or the surface of amperometric electrode towards
the interfering substances in wine, which are oxidized
on the electrode. Inadequate results of the biosensor
analysis of wine and must can be also obtained if some
wine components act as activators, inhibitors and even
alternative substrates of the immobilized enzyme [19].

Study on selectivity of the biosensors based on im-
mobilized AO shows that regularly they are sensitive to
lactate [16, 18], acetate [ 18], and especially to methanol
[17, 18] and ascorbic acid [16, 18]. A non-specific sig-
nal to ascorbic acid appears because of its electrochem-
ical oxidation on the electrode at high working poten-
tial. This signal can be decreased by usage of lower po-
tential, but it negatively influences the biosensor
sensitivity [20]. Oxidations of one chain aliphatic alco-
hol methanol, structurally similar to ethanol, as well as
non-specific oxidation of lactate and acetate, are basi-
cally catalyzed by AO itself [18]. To avoid these ef-
fects, the wine samples analyzed should be diluted as
much as possible. Thus, an optimization problem arises
concerning the dilution ratio which has to correspond to
the definite sensor sensitivity towards a measured
substrate and can be used for analyzing strong as well
as dry wines with lower ethanol content.

Investigation and optimization of stability and se-
lectivity of the enzyme biosensor as well as elaboration
of the wine analysis procedure were the goal of this re-
search, as an important stage, preceding an application
of the device in winemaking.

Materials and methods. Materials. Alcohol
oxidase was from Hansenula sp with activity of 1.6
U/mg produced by “Sigma-Aldrich” (Great Britain).

Monomer 3,4- ethylenedioxythiophene (EDT),
production of Baytron M (Germany), and poly(ethyl-
ene glycol) 1450, production of «Sigmay (Switzerland)
were used as a matrix for enzyme electrochemical poly-
merization. Bovine serum albumin (BSA), production
of «Sigma-Aldrich Chimie S.a.r.l.» (France), and
glutaraldehyde, production «Fluka» (Switzerland),
were used for enzyme immobilization.

Reagents Na,HPO,-7H,0, KH,PO,, NaCl, NaOH,
HCI, hydrogen peroxide («Phargomed», Ukraine), so-
dium lactate («Sigma», USA), glucose and L-ascorbic
acid («Sigma-Aldrich Chimie S.a.r.L.», France), ethanol
(«Fluka», Germany), glycerol (Ukraine) were also
used. All the reagents, both domestic and imported,
were of analytical reagent grade and used as received
without additional purification.

Measurement. All electrochemical experiments
were carried out using traditional three-electrode sys-
tem, in which the printed electrode SensLab («SensLab
GmbH», Leipzig, Germany) is a combination of all
three electrodes, i.e. working platinum, auxiliary and
referent ones. Our preliminary research [20] showed
that bare SensLab electrodes with no enzyme mem-
branes do not respond to wine, must and their basic
components, and therefore can be useful in the
biosensors for wine analysis.

Reproducibility and workability of printed plati-
num electrodes SensLab were tested in the potential
range of 0 — 600 mV (potential scan rate of 20 mV/s).
Cyclic voltamperometry was performed with the
PalmSens potentiostate (Palm Instruments BV,
Netherland).

Amperometric measurement was carried out with
the PalmSens potentiostate at direct voltage of +200
mV in 5-ml electrochemical cell.

AQO immobilization by electrochemical polymeriza-
tion in polymer poly(3,4- ethylenedioxythiophene).
Electrochemical polymerization of small monomers is
one of the most novel approaches to membrane forma-
tion on the electrode surface, which has been already a
success in biosensorics. This method allows to choose
and keep constant film shape and thickness, and to con-
trol accurately precipitation [20]. Electropolymerized
films, due to their semipermeability towards hydrogen
peroxide and impermeability for other compounds, act
as a selective barrier, which suppresses interfering ef-

281



GORIUSHKINA T.B. ET. AL.

nA

Response

0 i3 30
— 1
0 50 100 150 200 250 300 350
Ethanol concentration, mM

Fig. 1. Calibration curves of laboratory prototypes of amperometric
biosensors based on alcohol oxidase, immobilized in
BSA-containing membrane in glutaraldehyde vapour (/) and
electrochemically polymerized in polymer PEDT (2). Measurement
in 20 mM phosphate buffer, pH 7.2, potential of +200 mV vs
reference electrode.

fect of electroactive substances, such as ascorbic acid,
often present in must, wine and other real liquids [10,
21].

The enzyme immobilization by electrochemical
polymerization in the polymer
poly(3,4-ethylenedioxythiophene) (PEDT) is thor-
oughly described in [20]. The component mixture, con-
sisting of 10 mM 3,4- ethylenedioxythiophene (EDT),
1 mM polyethylene glycol and 30% AO solution, was
prepared in 20 mM phosphate buffer, pH 6.2. EDT was
electropolymerized by voltage from+ 0.2 Vto+ 1.5V
applied during 15 cycles at a rate of 0.1 V/s. Electro-
chemical synthesis of PEDT was controlled using
cyclic voltamperometry.

AO immobilization in glutaraldehyde vapour.
Glutaraldehyde (GA) is a polyfunctional agent, which
forms covalent binding between biocatalytic particles
or proteins. That is why the enzyme immobilization
with GA is often utilized at the biosensor development.
In three-dimensional matrix, obtained by this method,
an enzyme is strongly bound to the electrode material
that ensures both retention of a biomolecule within the
membrane and efficient electric contact between a
biomolecule and electrode surface [22].
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To obtain bioselective membranes, the mixture of
30% AO solution with 5% BSA (1:1) prepared in 10
mM phosphate buffer, pH 7.2, was deposited on the
electrode working surface. For the membrane polymer-
ization, the transducers were placed into saturated GA
vapour for 10 min, and then dried in the open air.

Ethanol determination in model solutions. Mea-
surement was carried out at room temperature in an
open vessel at intensive stirring. 20 mM solution
KH,PO, — Na,HPO,, pH 7.2, was used as a working
buffer, NaCl (10 — 200 mM) — as a base electrolyte.

Substrates concentration was changed by addition
of defined aliquots of concentrated solutions. After
each signal, the sensor was washed in a buffer solution
until the base signal was stabilized.

Ethanol determination in wine and must. Ethanol
was analyzed in 23 samples of wines of different kinds
made under conditions of microproduction in the
“Magarach” Institute of grape and wine, as well as in 2
samples of white and red wine materials. Measure-
ments were carried out at room temperature in an open
vessel filled with intensively stirred 20 mM phosphate
buffer solution, pH 7.2.

Ethanol concentration was determined by the
method of standard additions. The sample was
2000-fold diluted. After obtaining each response, the
sensor was washed by the buffer solution until the base
signal stabilization.

Control measurement was made by the method of
alcohol distillation with consequent densitometry.

Investigation of operational and storage stability of
biosensors. To determine operational stability and
reproducibility of biosensor responses, the substrate
aliquots (20mM) and the samples of wine “Port red”
(20 pl) were periodically inserted into an electrochemi-
cal cell, and the changes of biosensor signal were regis-
tered during 8-hour continuous work.

Results and discussion. Operation of AO-based
amperometric biosensors is grounded on the enzymatic
reaction:

AO
Ethanol — Acetaldehyde + H,0,.

The ethanol enzymatic conversion is followed by
production of electrochemically active substance, hy-
drogen peroxide, oxidation of which results in genera-
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Fig. 2. Responses of laboratory prototypes of amperometric biosensor based on AO, immobilized in GA vapour (a) and in polymer PEDT
(b), to ethanol (7), glycerol (2), glucose (3), lactate (4), ascorbic acid (5). Measurement in 20 mM phosphate buffer, pH 7.2, potential of
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Fig. 3. Operational stability of laboratory prototypes of amperometric biosensors based on AO, immobilized in GA vapour (@) and in
polymer PEDT (b). Measurement in 20 mM phosphate buffer, pH 7.2, potential of +200 mV vs reference electrode. Curve / - sensor
response to insertion of 20 mM ethanol, curve 2 - that for 20 pl sample of "Port red".

tion of electrons registered by an amperometric trans-
ducer:

H,0, >0, +2H +2e¢.

The first stage of research was aimed at selection of
the most effective method of AO immobilization on the
electrode SensLab surface. Two procedures, different
by the technology, were investigated, i.e., electrochem-

ical polymerization in polymer PEDT and immobiliza-
tion in GA vapour in the BSA-containing membrane.
The calibration curves of AO-based biosensors using
these immobilization methods are presented in Fig. 1.
As seen, at start the values of ethanol determination
limit and useful signal were lower in the PEDT case.
The dynamic ranges are very close for both approaches:
0.32 — 41 mM for GA method and 0.64 — 41 mM — for
PEDT.
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Fig. 4. Dependence of responses of laboratory prototypes of
amperometric biosensors based on AO, immobilized in GA vapour
(1) and in polymer PEDT (2) on duration of dry storage at + 4°C.
Measurement in 20 mM phosphate buffer, pH 7.2, potential of +200
mV vs inner reference electrode, ethanol concentration - 20 mM.

To study the selectivity of the developed
biosensors, the responses to the components, the pres-
ence of which in wine can influence the work of ethanol
transducers, i.e., glycerol, glucose, lactate and ascorbic
acid, were measured. As seen in Fig. 2a and 2b, the im-
mobilization method has no significant effect on the
biosensor selectivity. The AO-based transducers give
practically no response to lactate, small negative re-
sponse to ascorbic acid and positive response to glyc-
erol, the value of which is comparable with that towards
ethanol. Noteworthy, that absolute insensitivity to glyc-
erol is not obligatory since ethanol concentration in
wine is by dozens of times higher than glycerol content,
and this insufficient selectivity can be negligible at
sample dilution.

An analysis of operational stability and response
reproducibility showed that the biosensors based on
PEDT-immobilized AO demonstrated 160% of initial
activity in 8-hour continuous work while those with
GA-immobilized AO — about 400% (Fig. 3a, 3b). This
can be a result of gradual increasing of interaction be-
tween the immobilized enzyme and the electrode sur-
face; besides, during the first day after immobilization
the enzyme molecules acquire an optimal functional
conformation in the membrane.
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The results on storage stability (Fig. 4) prove that
AOQ electrochemically immobilized in PEDT retains the
signal initial level for only one week after immobiliza-
tion, and then its activity gradually drops. AO immobi-
lized in GA is more stable: in 60-day storage the en-
zyme demonstrates 133% initial signal.

Thus, as a result of the comparative analysis of two
methods, AO immobilization in GA vapour in
BSA-containing membrane was chosen as more effec-
tive for ethanol measurement in wine. The biosensor
developed with use of this immobilization method is
characterized by wide dynamic range of operation, suf-
ficient selectivity and high stability, which allows its
application in the wine and must analysis.

The optimum pH for the biosensor based on AO im-
mobilized in GA vapour was determined to be 7.2 (Fig.
5a). This value differs from pH optimum for free AO,
7.5 — 8.0 [23, 24], which can be explained by the fact
that at biosensor functioning the electrochemical reac-
tion takes place along with enzymatic, and this causes
certain shift of optimal pH value [23].

Besides, the response value of this biosensor was
shown to be independent on buffer capacity and ion
strength of working solution (Fig. 5b), which is typical
for amperometric biosensors [4].

At the first stage of work with wine materials, an
optimal level of dilution of wine samples was deter-
mined regarding their analysis by the developed
amperometric biosensor based on AO immobilized in
GA.0.5,1,2.5,5, 10 and 20 ul samples of three types of
wine with different ethanol contents (10,000-, 5,000-,
1,000-, 500- and 250-fold dilution, correspondingly)
were inserted into an electrochemical cell. The wines
analyzed were table wine “Mont Blanc”, dessert wine
“Kara-Dag”, and strong wine “Madeira”, the ethanol
content in which determined by distillate densitometry
was 10.5%, 16%, and 19%, correspondingly. The re-
sponses obtained are presented in Fig. 6. As seen,
within the dilution range of 250 — 2000 times practi-
cally linear dependence between the sample dilution
and the biosensor response is observed for all three
types of wine while 5,000- and 10,000-fold dilutions
are unsuitable for the analysis of dry and dessert wines
with low ethanol content. To reduce an effect of inter-
fering substances in wine on the biosensor response, in
further experiments the value of samples dilution was
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Fig. 6. Responses of amperometric biosensors based on AO,
immobilized in GA vapour, to insertion of different wine aliquots
into electrochemical cell: "Madeira" (19% ethanol, curve 1),
"Kara-Dag" (16% ethanol, curve 2), "Mont Blanc" (10.5% ethanol,
curve 3). Measurement in 20 mM phosphate buffer, pH 7.2, potential
of +200 mV vs inner reference electrode.

taken the maximal from obtained optimal range, i.e. by
2,000 times.

The maximum concentrations of main interfering
substances in 2,000-fold diluted samples of must and
wine are as follows [1]: glycerol —to 0.1 mM, glucose —
to 0.5 mM, lactate — to 0.03 mM, ascorbic acid — to
0.002 mM. Thus, considering the results presented in

Fig. 2, the biosensor with AO immobilized in GA is in-
sensitive to these substances in mentioned
concentrations.

To elucidate an effect of other wine components
(methanol, acetate, phenol compounds, etc.) on opera-
tion of the developed transducer with AO immobilized
in GA, an experiment was carried out as follows. To the
“Madeira” sample (according to the distillate
densitometry data, ethanol content — 19 vol. %) AO
(2.5mg) was added and incubated for ethanol disinte-
gration. The 10 pl samples of the mixture taken every
certain interim after mixing were inserted into the elec-
trochemical cell, and the biosensor responses were
measured. It was shown that no longer than in one hour
after mixture incubation the biosensor response
dropped by 33%, in 7 hour — by 50%, and in a day when
ethanol was completely disintegrated by the enzyme,
the biosensor response was no more than 0.5 nA. This
experiment proves high specificity and selectivity of
the developed biosensor for ethanol analysis in wine.

At the next stage, the ethanol content was measured
by the developed biosensor in accordance with the opti-
mized procedure. 23 samples of different wines (dry,
semi sect, dessert and strong; white, rose, red) and 2
samples of red and white must were analyzed. The re-
sults were compared with the data of traditional analy-
sis — distillate densitometry (Table 1). Noteworthy, a
high level of correlation between the results of mea-
surements was obtained by two methods.
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Konyenmpayis emanony y 3paskax una ma 6UHO2pA0H020 CYCIld, 8UHAYEHA 3d OONOMO2010 bioceHcopa ma memoody deHcumomempii

oucmunamy

Konnentpauis eranory, % 06.

Ipo6a Tun
Biocencop* JIeHCHTOMETPHYHHUI METO

«MoHacTtupchka i36a» Bine, cToJIOBE, HAIIBCOJIOIKE 10,7 10,4
MownTte biaan «Kokrebdennb» Bine, cromose, HaIiBCOIOAKE 10,5 10,4
«Benmexa kpoB» UepBoHeE, CTOJIOBE, HAIMIBCOJIOAKE 11,2 10,5
Bacrapno «Kaxicton» YepBoHE, CTOJIOBE, HAMIBCOJIOAKE 12,5 12,0
Pxkanureni «Kokrebenby» bine, cronose, cyxe 12,7 12,0
Auirore «Kokrebennby» bine, cronose, cyxe 11,6 11,2
DeTsicka « OMIUHCHKI BUHA» bine, cronose, cyxe 12,7 12,0
Mepio «KobaeBo» YepBoHE, CTOIOBE, CyXe 12,1 12,0
Kabepue «Kokrebenb» UepBoHe, CTONOBE, CyXe 9,6 11,2
KabGepne «I"oninuHCbKI BUHA» Yepsone, cTONOBE, CyXe 12,0 12,0
Mycxkar Ginuit Bine, neceprue 15,6 15,7
Koxkyp «Koxrebenb» bine, neceprue 18,1 16,0
Kapa-Jlar «Kokre6enb» UepBoHe, necepTHE 16,3 16,0
Karop «/lionic» UepBoHe, necepTHE 16,6 16,0
Karop «Yxkpaincbekuii» UepBoHe, necepTHE 15,9 16,1
Mapnepa Bine, mimuHe 18,9 18,0
Manepa «Macauapa» Bine, minne 19,6 19,0
«IIpumopcbke» bine, minue 16,9 17,5
Xepec conoakuii «JlioHic» bine, minne 17,8 17,0
[Topreeiin Oinuit bine, minHe 18,4 17,0
[Mopteeitn 777 poxesuit Poxese, minHe 18,2 17,5
ITopreeitn 777 yepBoHuit YepBone, MillHE 18,8 17,5
Mapcana «Macanzgpa» YepBone, MillHe 18,1 18,5

Cycno Oine - 0,8 -

Cycio uepBoHe - 0,3 -

*BigHocHe cTaHAapTHE BiIXWIeHHS 6,2 %

Thus, the procedure of ethanol determination in
wine by the amperometric biosensor, based on
screen-printed platinum electrode SensLab and alcohol
oxidase, has been elaborated. The working characteris-
tics of amprometric biosensors created using two meth-
ods of AO immobilization were investigated. The trans-
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ducer with AO immobilized in glutaraldehyde vapour
was shown to demonstrate lower measurable limit of
substrate concentration and higher stability as com-
pared with immobilization in PEDT. That is why the
first method was accepted for the development of the
biosensor for ethanol analysis in wine. The pH opti-
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mum for this biosensor was determined, an independ-
ence of its response on buffer capacity and ion strength
of working solution was proved. The level of sample di-
lution for analysis was optimized to eliminate the ef-
fect of wine interfering substances on biosensor opera-
tion. The ethanol concentration in various wines and
must has been measured by the developed biosensor.
Good correlation between the results obtained by etha-
nol amperometric biosensor and the data of traditional
method of ethanol analysis, distillate densitometry, was
stated.

T. b. I'oprowrxina, A. I1. Opnosa, I'. M. Bepux, O. I1. ConoamxiH,
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MeToauka BU3HAYCHHS €TaHOJY Y BHHI ()EPMEHTHHM aMIIepOMeET-

pUYHUM 0i0CEHCOPOM

Pesrome

Mema. Pospobka memoouKku 6usHa4eHHs emaHony y 6uti gpepmen-
muum amnepomempuunum diocencopom. Memoou. Buxopucmano
Gepmenmuuii amnepomempuyHull 6i0CEHCOPHUL MeMmOoO AHALIZY
emanony. Pesynomamu. Ilposedeno nopisHsnvHUull ananis egex-
MUBHOCMI 3ACMOCYBAHHS 080X MeMOo0i6 IMMOOINI3ayii aiK0201bOK-
cuoasu (AO) npu po3pobyi amnepomempuyrno2o biocencopa 0.
ananizy emanony y uni. Oopano memood immobinizayii pepmenmy y
napax — enymapogozo  anv0ecioy, 3d  GUKOPUCMAHHA — SKO20
immobinizoeana AO demoncmpye kpawi poooui xapaKxmepucmurxu.
Hocniooceno cerekmusnicms, onepayitny cmabiioHicms ma
cmabinbHicms npu 36epicanni cmeopeno2o biocencopa, 6CMaHo8-
neno pH-onmumym tioeo pobomu. Bionpaybosano memoouxy eus-
HA4eHHs emamony y 6uni 3a O0NOMO20I0 AMHEPOMEMPUUHO20
biocencopa na ocHogi niamunosozo enekmpooda SensLab ma AO. I3
3ACMOCY8AHHAM PO3POOIEHO20 BUCOKOCMAbINbHO20 bOiocencopa
npoOaraAniz08ano KoHyeHmpayilo emanony y spaskax euna. Iloxkasa-
HO 8UCOKY KOPENAYII0 OMPUMAHUX Pe3YIbMAMIE i3 OQHUMU MmOy
Odencumomempii oucmunsamy. Bucnoexu. 3anpononosamny memoou-
Ky aHanizy emaHory MOJNCHA 8 NOOAIbULOMY BUKOPUCHIOBYBAMU Y
8UHOPOOCMEI.

Kniouosi cnosa: amnepomempuyunuii 6iocencop, aiko201b0KCu-
odasa, emauon, 8UHO, CyCo.

T. b. I'oprowrkuna, A. I1. Opnosa, I'. H. Bepuk, A. Il. Conoamxkun,
C. B. /[310e6uu

MeToauka onpeaesieHus ’TaHoJIa B BUHE ()ePMEHTHBIM aMIIePOMET-

pUYECKUM OHOCEHCOPOM

Pesrome

Hens. Pazpabomka memoouxu onpedeieHus 3MaHoId 8 6UHe ep-
MeHMHBIM amnepomempuieckum ouocerncopom. Memoowt. Hcnono-
306aH (hepmenmHblil amMnepomMempuieckull 6uoCeHcopHblil Menoo
ananusa smawnona. Pesynemamet. Ilposeden cpasrnumenvholil ana-
U3 3 pexmusnocmu npuMeHenus: 08yX Memoo0s UMMOOUTUZAYUU
ankozonvorcudasel (A0) npu paspabomke amnepo- MempuiecKozo
buocencopa 0 aHaIU3A SMAHOJLA 6 8uHe. Boiopan memoo ummoou-
auzayuL pepmenma 6 napax 2ymapoeo2o anboe2udd, npu UCnob-

308anuU Komopoeo ummoodurusposannas AO demon- cmpupyem
ayuwiue pabouue xapaxmepucmuku. Mccrneoosanvl cenexmug-
HOCHIb, ONepayuoHHas cmadbuIbHOCHb U CIMAOUTLHOCb NPU XPa-
HeHuu co30anno20 bOuocencopa, onpedenen pH-onmumym e2o
pabomul. Ompabomana memoouxa onpeoeneHus IMano1a 8 6uHe ¢
NOMOUbIO AMNEPOMEeMPULECK020 OUOCEHCOPA HA OCHO6E NIAMUHO-
6020 anexkmpooa SensLab u AO. C npumenenuem pazpabomannozo
6bICOKOCMAOUNLHO20 OUOCEHCOPA NPOAHATUIUPOBAHA KOHYeHmMPa-
yus smarnona 6 oopasyax euna u cycia. Iloxasana évicoxas xoppe-
JIAYUA ~ NONYYEHHbIX — pe3yIbmamos ¢  OAHHLIMU — Memood
dencumomempuu oucmuarima. Beteoowt. IIpednoscennyo memo-
OUKY aHAU3A IMAHONA MOXCHO 8 OdlbHeleM UCNONb306AMmb 6
6UHOOeNUU.

Knrouesvle cnosa: amnepomempuyeckuii 6UOCEHCOpP, anKo20/b-
oKcuoasa, 3Manojl, 6UHO, Cyco.
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