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Kinetic determination of hydroxylamine in soils by the initial rate method is based upon
the reaction of neutral red with the nitrite ion, produced by oxidation of hydroxylamine with
iodate in acidic media. The optimal conditions for determination are as follows: 0.3 mol L™
H,S04, 0.024 mol L™ KIOs, 6.92x10~° mol L™ neutral red. Hydroxylamine can also be de-
termined in mixtures with nitrite ion, if the nitrite content has been found separately at the
same conditions without iodate. The calibration graphs are linear in the range (3-27) pmol L™
of NH,OH and (4—46) umol L™ of NO,". The reproducibility errors are 3.3 % and 1.8%, the
relative errors of determination prove to be 2.6 % and 2.1 %, for hydroxylamine and nitrite
ion, respectively.
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Introduction

Both hydroxylamine (HA) and nitrite ion act as two important environmental pollutants [1]. Envi-
ronmental pollution is causing serious health problems for humans, and their quantification is still a big
challenge. Hydroxylamine and its derivatives lead to the formation of methemoglobin in man and ani-
mals. It induces point mutation by reaction with cytosine, but in the presence of trace metal ions and
oxygen it also produces radicals which rapidly inactivate DNA [2]. Nitrite ion is able to react with sec-
ondary amines or amides to form nitrosamines which can act as carcinogenic reagents [3]. Hydroxyla-
mine and nitrite recycle through the hydrosphere as a result of microbial processes. These compounds
are important intermediates in the biological nitrogen cycle and are present in soils and surface waters
[4]. In fact, both are formed during microbial nitrification, where ammonium (NH,") is oxidized via
NH,OH to NO, and NO; [3].

Methods of separate determination of these substances are numerous. HA and its salts are usually
determined by methods based on oxidation or reduction either in acid or in basic solution. Those most
frequently employed are volumetric, electrochemical and spectrophotometric methods. A detailed re-
view of literature is presented in [5]. Since then chromatographic methods have been added, both by ca-
tion-exchange chromatography [6] and gas chromatography, using the product of the redox reaction,
N,O [7]; this method has been successfully used for the determination of HA in soil samples [3]. Vari-
ous modern methods have been suggested: electrochemical methods include determination of HA by
capillary electrophoresis [8], electrocatalytic determination using HA with alizarin red S as a homogen-
ous mediator [9], voltammetric [10] and biamperometric determination [11].

Spectrophotometry is used as means of HA determination, drawing on redox reactions with various
dyes [12]. Thus, various pharmaceutical formulations (after their hydrolysis into HA) have been deter-
mined by NH,OH oxidation to nitrite with a known excess of bromine. Bromine in acidic medium
bleaches the dye methyl red. A known excess of bromine when treated with HA is reduced to bromide
and the unreacted bromine is determined using methyl red [13]. In this case nitrite ion is the product of
HA oxidation, which makes it an interfering substance.

Several methods have been reported for determination of HA and nitrite in mixtures. For example,
an electrochemical nanosensor using oxadiazole self-assembled on silver nanoparticle-modified glassy
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carbon electrode; it has been applied to the determination of HA and nitrite in water samples with ac-
ceptable results [1]. In the paper [4] the analytical method is spectrophotometric. First, iodate ion oxi-
dizes HA in acidic media to produce nitrite ions, then nitrite is determined with N, N-dimethylaniline and
p-nitroaniline followed by micelle-mediated extraction of the produced azo dye (to increase its solubili-
ty). The proposed method was applied successfully to the determination of nitrite and HA in well water
and urine samples with the relative error of measurement < 5%.

Among others the kinetic method was suggested, based on oxidation of a dye, for which HA is an
inhibitor. A simple, precise and accurate method has been suggested by A. Afkhami et a/. for rapid de-
termination of trace amounts of HA, based on its oxidation by iodate in acidic media. The reaction of
neutral red with the produced nitrite ion was used to monitor the reaction at 525 nm. The reaction rate is
limited by nitrite formation from HA, which can be determined in the range of 0.040—1.20 pg mL". The
developed method was applied to the determination of HA in water samples [14].

Though HA (after it has been oxidized into nitrite ion) and nitrite itself can be determined in mix-
tures spectrophotometrically, to the best of our knowledge, no kinetic method of their simultaneous de-
termination has yet been suggested. There is a need in developing a simple, economical, reproducible,
and accurate analytical method for the individual and simultaneous determination of the abovemen-
tioned compounds, which would be applicable in environmental researches. The present work deals with
kinetic determination of HA, both individually and in mixtures with nitrite ion, in soil analysis.

Experimental

Absorption measurements at fixed wavelength were performed using a LEKI SS1207 spectropho-
tometer. A pH-meter millivoltmeter «kEXPERT-pH», a centrifuge ELMI CM-6M, and a thermostat LOIP
LT300 were used.

Reagents included the following:

A stock solution of HA 0.03028 mol L' was prepared by dissolving 0.0527 g of analytical grade
reagent NH,OH-HCI in distilled water and diluting to the mark in a 25-mL volumetric flask. Working
solutions were prepared by precise diluting in distilled water.

A stock solution of nitrite ion 0.03623 mol L™ was prepared by dissolving 0.0625 g of analytical
grade reagent sodium nitrite NaNO, in distilled water and diluting to the mark in a 25-mL volumetric
flask. Working solutions were prepared by precise diluting in distilled water.

A standard solution of iodate ion 0.1000 mol L' was prepared by dissolving 2.1401 g of analytical
grade reagent potassium iodate KIOs in distilled water and diluting to the mark in a 100-mL volumetric
flask.

A standard solution of bromate ion 0.1000 mol L' was prepared by dissolving 1.6700 g of analyti-
cal grade reagent potassium bromate KBrOj; in distilled water and diluting to the mark in a 100-mL vo-
lumetric flask.

A standard solution of persulfate ion 0.1000mol L™ was prepared by dissolving 2.7033 g of analyti-
calgrade reagent potassium persulfate K,S,0; in distilled water and diluting to the mark in a 100-mL
volumetric flask.

A solution of 3.46x10* mol L' neutral red was prepared by dissolving 0.01 g of neutral red in dis-
tilled water and diluting to the mark in a 100-mL volumetric flask.

A 3.0 mol L 'sulfuric acid solution was prepared by appropriate dilution of concentrated sulfuric ac-
id. This solution was standardized with a solution of sodium tetraborate from a standard titer 0.1000 N
with the use of the methyl orange indicator.

The procedure of HA determination was as following. A suitable aliquot of a working solution was
transferred into a 10-mL graduated test tube. Then 2.4 mL of 0.1 mol L' iodate ion solution was added
followed by 1.0 mL of 3.0 mol L' sulfuric acid solution. Then 2 mL of 3.46x10 * mol L' neutral red
solution was added. The stop clock was started just after the addition of the last drop of neutral red. The
solution was diluted to the mark with distilled water and a portion of it was transferred into a 1-cm glass
cuvette. The absorbance measurement was begun in 1 min, necessary for diluting to the 10-mL mark and
transferring the solution into the cuvette. The absorbance change in time was measured in reference to
distilled water at wavelength 530 nm. The initial rate was calculated as follows: the linear part of a ki-
netic curve was identified (approximately 2.5 min), and the least square method was applied to experi-
mental values in that range to get the slope coefficient (the tangent of the slope angle). As curves
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showed the decreasing absorbance, tangents were negative. To represent them conveniently, the signs
were changed.

The procedure of nitrite ion determination in the presence of iodate ion was the same as the above.
The procedure of nitrite ion determination in the absence of iodate ion was as following: a suitable ali-
quot of a working solution was transferred into a 10-mL graduated test tube. Then 1 mL of 3.0 mol L™
sulfuric acid solution was added and 2 mL of 3.46x10 * mol L' neutral red solution. The initial rate
measurement was the same as for HA determination.

The procedure of soil analysis included sampling: a soil sample was collected at the territory of Ga-
garin Park in Chelyabinsk. The sample was passed through a 2-mm sieve. The sample material for test
development was put into closed plastic bags and stored in a refrigerator (4 °C) until the beginning of the
experiments. Sample preparation involved extraction according to the method in [3], namely, 4 g of
fresh soil was added to a 100-mL conical flask, then 50 mL of distilled water was added. The solution
was acidified with 2 mL of 1 mol L™' hydrochloric acid to pH 2.7, the pH value was monitored by a pH-
meter. The extraction was carried out by shaking the suspension for 10 min, then the solution was fil-
tered, and the filtrate was centrifuged at 2000 rpm for 15 min in centrifuge tubes. Then the prepared so-
lution was analyzed for both components by the standard addition method. Determination of nitrite ion
was carried out without iodate ion. When iodate was added to the solution, the analytical signal related
to the sum of nitrite and HA. The procedures conformed to those described above.

Results and Discussion
First of all, the properties of the neutral red have been investigated in order to separate the analytical
effects of the analytes and the blank experiment. Neutral red is a diazine dye, a derivative of phenazine.
Its structural formula is shown in Fig. 1.
Neutral red has the properties of an acid-base indi-
cator, and it is used in analytical chemistry as such. At

CH5
N NH, various acidic conditions its absorptivity and the max-
ch/ imal absorbance wavelength differ. Therefore, it is ne-
P cessary to study the absorbance of the blank experi-
N Hi ment. Its light absorption spectra in visual range

(400—700 nm) at various acidity conditions are pre-

Fig. 1. The structural formula of neutral red sented in Fig. 2a. As neutral red, like many organic

dyes, can lose electrons and be oxidized, it is also of

interest to study whether the oxidizing agent — potassium iodate that is present in the system — affects the
absorption spectra of the neutral red indicator. The spectra are shown in Fig. 2b.
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Fig. 2. Light absorption spectra of neutral red
a: C(NR) = 3.46x107° mol L™"'; C(H,S04): 1-0; 2 — 0.30 mol L™'; 3 - 1.50 mol L'
b: C(NR) = 3.46x107° mol L™"; C(H,S0,) = 0.30 mol L™"; C(KIOs): 1 - 0.0025 mol L™;
2-0.005 mol L™; 3-0.03 mol L™
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If the medium is too acidic (1.50 mol L' H,S0,), the region of the maximal absorbance is shifted
from 530 nm to the interval 530-580 nm. However, if the acidity is near the optimum, neutral red re-
mains in the same form as in pure water. The wavelength 530 nm has been taken to be optimal for ab-
sorbance measurement. At the chosen concentration of sulfuric acid within the studied range of iodate
concentration the dissolved form of neutral red does not react with it, though the absolute absorbance
values differ slightly. Actually, it is not of great importance, as the analytical signal in kinetic methods is
not the absorbance itself, but the rate at which it changes during a reaction.

Determination of HA occurs in acidic conditions according to the reaction scheme, where iodate ion
oxidizes hydroxylamine to form nitrite ion (neutral red then reacts with the produced nitrite [14]):

210; + 3NH,OH — 3NO, +3H" + 2I + 3H,0.

In other methods various oxidizing agents are used to oxidize HA, such as ferric salts, ceric salts,
vanadate, potassium ferricyanide, bromine, bromate and bromine monochloride, iodine [5]. We studied
the oxidizing agents of various nature to choose an optimal one. It appeared that the key process for effi-
cient HA determination by the initial rate method was the stability of the dye itself. For example, we
investigated the action of potassium persulfate and potassium bromate on HA and neutral red. Both are
very strong oxidizing agents, but they proved not usable in the investigated method, as they both de-
composed neutral red, therefore changing the blank experiment. We have chosen iodate ion for experi-
mental study, as in its presence the absorbance of neutral red itself changes so very little that the slope
tangent is statistically zero. The control of the blank experiment during our study has shown that its val-
ue remains equal to zero within the ranges of all conditions that varied.

Another oxidizing agent that can influence the analytical reaction is gaseous oxygen that diffuses
from air to water, therefore it can affect the transformation of HA into nitrite, or perhaps neutral red it-
self. We compared 2 sets of experimental conditions: first, the solutions were kept in closed test tubes at
all times except pipeting, absorbance measurements were taken in closed cuvettes (that is, at controlled
conditions, when oxygen concentration was constant). In the second case the measurements were carried
out without these precautions, as a consequence the reproducibility of the results suffered. To control the
effect of oxygen, we routinely closed test tubes and cuvettes, to get a smoother dependence.

The authors of the paper [14] that used the same reaction of HA oxidation by iodate, preferred to
stand the solution for 5 min before adding the neutral red solution, then the measurement began imme-
diately after this. The interval of extra 5 min was used to allow for complete oxidation of HA into nitrite
ion. Obviously, it slowed the determination. As we have chosen the initial rate method, we decided to
check whether there is a need for additional time of 5 min for oxidation. We compared two sets of expe-
rimental conditions: first, according to [14]; second, measurement after mixing all the reactants at once
(actually, the absorbance measurement was begun in 1 min, necessary for transferring the solution into
the cuvette). The kinetic curves are presented in Fig. 3.
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Fig. 3. Absorbance-time plots for the reaction of neutral red with hydroxylamine
C(NR) = 6.92x107° mol L™'; C(NH,OH) = 3.63x10~° mol L™"; C(H2S04) = 0.30 mol L™"; C(KIO;) = =0.005 mol L™";
1 — measuring after mixing all the reactants; 2 — measuring after 5 min for oxidation
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The tangents, calculated by the least square method, are somewhat different: |tga| = 0.0545 for
curve 1, | tga | =0.0608 for curve 2. Obviously, the reaction of HA oxidation into nitrite ion runs quick-
er than the discoloration of neutral red by nitrite ion, which means that even in the initial stages of the
process enough nitrite is accumulated to produce the colorless form of neutral red. We have come to the
conclusion that it is unnecessary to wait for extra time. Even if HA is not oxidized for 100 %, still, the
loss of sensitivity is not so great, but the analysis is carried out faster.

Besides the time control, the authors of the paper [14] suggested equilibrating all the reagents in a ther-
mostated water bath at 25 °C before beginning the reaction. Therefore it has been considered necessary to
study the effect of temperature. We placed the reactants and the distilled water for diluting into a thermostat,
investigating the temperature range (27-50) °C in two-degree steps. In other respects the preparation of solu-
tions for absorbance measurement was the same. As a result, the absolute absorbance values gradually in-
creased with temperature, while the slope coefficients fluctuated about more or less constant value. In Fig. 4
the bounding dependencies are presented. We continued to work at room temperature, without thermostating,
because the initial rate method gives more stable results than the fixed time method.

As for nitrite ion, its behaviour is of peculiar interest to us here. Besides being one of the analytes, it
is an intermediate product formed by oxidation of the other analyte. Actually, HA does not react with
neutral red. It is nitrite ion resulting from the oxidation of HA by iodate ion that reacts with the indica-
tor. However, N(III) can exhibit reducing properties. It has been necessary to examine whether the
excess oxidizing agent will affect the analytical signal. The development of neutral red absorbance in the
nitrite ion solution without HA, both in the absence and the presence of iodate, is shown in Fig. 5. The
kinetic curves overlap, thus the influence of the oxidizing agent on nitrite has not been observed ion un-
der the studied conditions.

Acidity influences the reaction of HA with iodate producing nitrite ion, and the initial rates of the
colour reaction turn out to be somewhat lower than in similar experiments with the equimolar amount of
pure nitrite, probably because not all of hydroxylamine turns into nitrite ion before it decolorizes neutral
red (the same effect that was observed in Fig. 3). The initial rate values can be seen in Fig. 6.

The authors that previously investigated HA determination by kinetic method [14] suggested ther-
mostating the HA—iodate solution at 25 °C for 5 min before adding neutral red, but we have come to the
conclusion that at the same conditions of calibration and analyte measuring the initial rates reproduce
well enough even in the case of partial oxidation.

The optimal conditions of determination have also been found for iodate and neutral red. The cor-
responding initial rates (tgo) dependencies are shown in Fig. 7 and 8, respectively. The concentration of
iodate was changed in the range (0.003 — 0.04) mol L™'; the neutral red concentration varied from
2.42x10° mol L' to 2.77x10 * mol L™'. Blank experiments were studied within the concentration range
(1.73x107° — 1.38x10) mol L 'of neutral red, the tangents are 0 — 0.003. The difference is within the
random error of absorbance measurement.
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Fig. 4. Absorbance-time plots for the reaction Fig 5. Absorbance-time plots for the reaction of
at different temperatures. neutral red with nitrite ion.
C(NR) = 6.92x107° mol L™"; C(NH,OH) = 1.82x10~° mol L™; C(NR) = 6.92x107° mol L™"; C(NO;") = 3.62x107°
C(H2S0,) = 0.30 mol L™"; C(KIOs) = 0.024 mol L™"; mol L™'; C(H,S04) = 0.30 mol L";
1-50°C;2-27°C C(KIOs): 1 - 0; 2 —0.005 mol L™
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Fig. 6. Effect of sulfuric acid concentration on the initial rate:
C(NR) = 6.92x107° mol L™'; C(KIO3) = 0.005 mol L™";
1 — C(NaNO,) = 1.81x10~° mol L™"; 2 -C(NH,OH) = 1.82x10™> mol L™’
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Fig. 7. Effect of potassium iodate concentration Fig. 8. Effect of neutral red concentration
on the initial rate. on the initial rate.
C(NR) = 6.92x107° mol L™"; C(H2S04) = 0.30 mol L™"; C(H2S04) = 0.30 mol L™; C(KIO;) = 0.024 mol L™";
C(NH,OH) = 1.82%10~° mol L™ C(NH,OH) = 1.82x10~° mol L™

At low concentrations of iodate the initial rates of the reaction are lower, its amount is obviously not
enough to turn hydroxylamine into nitrite completely. At high concentration of iodate the reproducibility
of the measuring method suffers. Therefore 0.024 mol L 'potassium iodate was further used for deter-
mination, while the optimal concentration of neutral red solution equals 6.92x10° mol L™, like in [14].

At optimal conditions the calibration graph for HA determination has been plotted. The initial rates
of the indicator reaction adhere to linear law from 3x10® mol L™ to 3x10°mol L' of the analyte. As the
neutral red discoloration goes on because of nitrite ion formation from HA, and the study has been
aimed at finding both forms of reduced nitrogen in a mixture, the calibration graphs for nitrite ion solu-
tion without HA have been plotted alongside this. These concentration dependencies have been graphed
both in the absence and in the presence of iodate ion in the solution. The least square method has been
used to get the characteristics of the linear plots, which are presented in Table 1.

Table 1
Characteristics of the calibration graphs for the determination of hydroxylamine and nitrite ion
Analyte Equation Range (umol L) r
Hydroxylamine Y =(0.0009 + 0.0075) + (2040 + 440)-X 3.0-27 0.9557
Nitrite (with KIO3) Y =(—0.0093 £+ 0.0052) + (3700 + 220)-X 2.9-44 0.9966
Nitrite (without KIO3) Y =(—0.002 £ 0.014) + (3630 + 500)-X 4.3-46 0.9954
10 Bulletin of the South Ural State University. Ser. Chemistry.
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In order to evaluate the metrological characteristics of HA and nitrite ion determination by the sug-
gested method we analyzed the mixtures of the known amounts of diluted standard solutions. An aliquot
of 1 mL of 1.5x10*mol L' HA solution was transferred into a 10-mL graduated test tube in 6 replicate
aliquots and to each portion an aliquot of 1 mL of 1.45x10* mol L' sodium nitrite was added. For the
determination of their combined concentration, 2.4 mL of 0.1 mol L' iodate was added followed by
1 mL of 3.0 mol L 'sulfuric acid solution and 2 mL of 3.46x10 *mol L' neutral red solution. The mea-
surement of initial rates followed the procedure described in the Experimental section. To determine
only the nitrite ion when it was present in the mixture with HA, potassium iodate was not added to test
tubes. The procedure described above for analysis in the absence of potassium iodate was applied. Addi-
tion of HA was necessary to prove that it did not interfere with the determination of nitrite ion at those
conditions. After calculating initial rates we found the concentrations in the analyzed solutions using the
linear regression equations. The experiment in the absence of potassium iodate was considered to show
the concentration of nitrite ion alone, which was used to calculate the HA concentration by subtracting it
from the total amount. Evaluation of metrological characteristics has been carried out on the basis of
conventional statistical criteria. The results are shown in Table 2.

Table 2
Evaluation of hydroxylamine and nitrite ion determination errors
(P =0.95, tp; = 2.57)
2 5 -1 = AX [ 0
—tga- 10 X; 107, mol L X S AX b 100% 8, %
present in the solution: C(NaNO,) = 1.45-10 mol L'
4.77;4.93; 4.89; 4.80; 1.36; 1.40; 1.39; s T 0T
5.11:5.04 1.37: 1.45: 1.43 1.40-10 3.66-10 3.84-10 2.7 34
present in the solution: C(NH,OH) = 1.51-10"> mol L'
3.13; 3.42; 3.06; 3.07, 1.49; 1.63; 1.46; s T 0T
3.39: 3.15 1.46: 1.62: 1.50 1.53-10 7.86-10 8.25-10 54 1.3

It is not surprising that precision is somewhat worse for HA, as well as the characteristics of its ca-
libration graph, as HA determination is indirect.

The studied method was applied for soil analysis, as in the environment both HA and nitrite ion are
intermediates in bacterial reduction of nitrate that is present in soils, and both are in evidence when the
conditions are reducing. The method of sampling and soil preparation was adapted from [3], which was
basically the extraction into acidified water, as both substances are water soluble. The method of stan-
dard additions was used for analysis of a soil sample, that is, aliquots of the standard solutions of hy-
droxylamine and nitrite ion were mixed with the sample. Their specific amounts in the mixture and the
results of calculation with the use of kinetic curves are represented in Table 3.

Table 3
Determination of hydroxylamine and nitrite ion in soil samples by the standard addition method
(P = 095, tp_f = 257)
2 5 -1 e AX 0, 0
—tga-10 X;-10°, mol L X S AX 7 100% 5, %
added to the sample: C(NaNO,) = 1.45-10 > mol L'
5.17; 5.23; 5.36; 5.23; 1.47;1.49; 1.52; 1S e e
5.11:5.13 1.49: 1.45: 1.46 1.48-10 2.50-10 2.62-10 1.8 2.1
added to the sample: CONH,OH) = 1.51-10" mol L'
3.30; 3.39; 3.15; 3.16; 1.57; 1.62; 1.50; 1S e e
333:321 151:1.59: 1.53 1.55-10 4.80-10 5.04-10 33 2.6

In the absence of the HA and nitrite mixture addition, the tangent is approximate to zero, so these
components have not been detected in the studied soil sample. On the other hand, after preparation of
the soil sample with added HA and nitrite ion, we determined the concentration of nitrite ion as (1.48 +
0.03)x10 °mol L'; the added concentration 1.45x10° mol L™ is within the confidence interval. The
same is true about HA, the determined and added concentrations are (1.55 + 0.05)x10°mol L' and
1.51x107° mol L', respectively. It means that the suggested method can be used for determination of
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HA and nitrite ion simultaneously without a systematic error, though the investigated soil sample did not
contain them in concentrations above the detection level.

Conclusions

1.The optimal conditions for HA determination by the initial rate method: concentration of neutral
red is 6.92x107° mol L™'; iodate is 0.024 mol L'; sulfuric acid is 0.3 mol L. The calibration curve is
linear in the (3.03x10°-3.00x10°) mol L' range.

2. Nitrite ion can be determined simultaneously with HA, if the described system absorbance is
measured without iodate ion addition. The calibration curve is linear in (4.3x10°-4.64x10~) mol L™
range.

3. The method was applied to soil analysis for the content of HA and nitrite ion by the standard ad-
dition method. These substances were not found in the soil sample, but the determination of the mixture
additions was carried out without a systematic error; the reproducibility error for nitrite ion determina-
tion is 1.8 %, while the relative error of accuracy proves to be 2.1%; the reproducibility of the results of
HA determination is expressed by the relative error 3.3 %, while the relative error of determination was
found to equal 2.6%.
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KWHETUYECKOE CNEKTPO®OTOMETPUYECKOE ONPEOENEHUE
rMoPOKCUNAMUHA U HUTPUT-UOHA B CMECH
No X PEAKUUAM C HEUTPAJIbHbIM KPACHbIM

E.N. JaHunuHa, K.A. ByckuHa

FOxHO-Ypanbckuli 2ocydapcmeeHHbIl yHusepcumem, 2. YensbuHck, Poccus

Kunetnueckoe onpeneieHue THAPOKCHIaMUHA B MOYBAaX METOIOM TaHTCHCOB OC-
HOBBIBACTCS HAa PEAKIMM HEHTPAIBHOTO KPACHOIO C HHUTPHUT-HOHOM, MOIYYaOIIMMCS
IIPU OKHCIICHUU THAPOKCHIAMHHA HOJATOM B KUCIBIX cpenaX. OnTUMalbHBIC YCIOBUSL
onpenenenus: H,SO,4 0,3 M, KIO; 0,024 M, HeliTpanbHbIA KpacHbIN 6.92% 107° M. Tun-
POKCHIIAMHAH MOXKHO TaKXe OIMpPEICIATh B CMECSIX C HUTPUT-HOHOM, €CIIH HAHUTH CoMep-
JKaHWE HUTPUTA IO OTIACIBPHOCTH B TEX JKE YCIOBHAX, O3 momata. I'paaynpoBOUYHBIC
rpaduku auHEHHB B quamazoHe (3—27) mxmons/n NH,OH u (4—46) mxmons/n NO, .
Iorpemuoctu Bocnpoussogumoctu 3,3 % u 1,8 %, oTHOCHTENBHBIE OTPELTHOCTH OII-
penenenus — 2,6 % u 2,1 %, 111 THAPOKCUIIAMUHA U HUTPUT-UOHA, COOTBETCTBEHHO.

Kniouegvle cnosa: cudpoxcunamut, HUMPUmM-UoH, KUHEMUYeckull anaius, memoo
MaH2enco8, HelimpatbHuLl KPACHBLU, U00AM-UOH, AHAIU3 NOYE.

Jannnuna Enena UBaHOBHA — KaHIUIAT XUMHUYECKUX HAyK, AOLEHT, Kadeapa TEOPETUUECKON U
npukinagHod xumuM, OxHO-Ypanbckuili rocynapcTBeHHbId yHuBepcuteT. 454080, r. YensOuHCK,
np. um. B.W. Jlenuna, 76. E-mail: deicu@mail.ru.
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