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Abstract
Biological denitrifi cation is used to treat industrial wastewater containing high 

concentrations of nitrate and sulfate from nitrocellulose production, which contains 
high concentrations of nitrates and sulfates. The reactor emits brown nitrogen dioxide 
gas suggesting signifi cant Nitric Oxide (NO) formation and reaction with air. NO 
may signifi cantly inhibit the denitrifi cation process, reduce treatment effi  ciency and 
cause potentially serious issues in nitrocellulose production. An NO-sensitive oxygen 
luminescence probe demonstrated an accumulation of exceptionally high NO levels. 
The presence of excess NO under conditions that replicate the industrial denitrifi cation 
process have further revealed that NO formation is triggered by an oversupply of ethanol, 
as the reducing substrate, under high nitrate loading. This overdosing is ultimately 
caused by the failure of an automatic ethanol dosage control, which relies on the signal 
from a nitrate- and nitrite-sensitive Nitratax probe. When the reduction rate of nitrate 
and nitrites appears to slows, nitrites continue to accumulates. Thus, the Nitratax probe 
signals for additional ethanol delivery even when it is unnecessary. Nitrite accumulation 
and nitrite reduction increase NO concentrations. Excess NO, or nitrite, apparently 
disrupts the next step in microbial denitrifi cation, the reduction of NO by NO-reductases, 
and the denitrifi cation pathway that ultimately yields N2. An NO or nitrite-specifi c probe 
may better serve as an early warning system by providing the timely feedback required to 
prevent inhibitory conditions. Additionally, a correlation was observed between inhibition 
events and lower pH levels in the denitrifi cation reactor, particularly within the range 
of 6.1-6.3. However, no connection was found between NO evolution and temperature 
within the range of 16-35°C. Elevated industrial reactor NO may signifi cantly inhibit the 
denitrifi cation process, reduce treatment effi  ciency and cause potentially serious issues 
in nitrocellulose production.

Highlights

• Biological denitrifi cation is applied to high nitrate and sulfate load industrial 
wastewater

• Sudden occurrences of NO cause strong inhibition of denitrifi cation

• Luminescence oxygen probe responds to NO an extreme high signal 

• The oxygen probe is used to measure NO generation and prevent process 
inhibition
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Introduction 
Inhibition of denitrifi cation of industrial 
wastewater

Biological denitrifi cation is a widely used 
technology for the removal of oxidized forms of 
nitrogen in wastewater treatment plants, but its 
potential can also be extended to heavily polluted 
industrial wastewater [1]. However, industrial 
wastewaters often present challenging conditions 
for denitrifying microorganisms, such as high 
concentrations of nitrate, various accompanying 
components like sulfate, metals, salts, and often 
suboptimal pH levels [2,3]. Both heterotrophic and 
autotrophic denitrifi cation have been studied for 
various industrial application, such as for wastewater 
from the mining industry [4] stainless steel industry 
[5], fi shery industry [6], and others. Successful 
conditions for denitrifi cation, even for extremely 
high concentrations of uranium nitrate from the 
nuclear industry or from fertilizer industry, have been 
identifi ed. [7,8] The potential of both heterotrophic 
and autotrophic denitrifi cation for treating industrial 
wastewater loaded with high concentrations of 
nitrates and sulfates combined with high salinity was 
studied by [9] focused on the inhibition by inorganic 
ions (Na+, Cl-, SO4

2- and K+). Nitrite reduction was less 
inhibited by the studied ions than nitrate reduction 
and both the osmotic pressure and the toxicity of 
the individual ions played key roles in the overall 
inhibition of denitrifi cation by salinity. Feng L, et al. 
[10] took advantage of the adaptation of salt-tolerant 
denitrifi ers for the treatment of high nitrate and high 
salinity wastewater. 

Inhibition by nitric oxide

Even if the denitrifi ed wastewater does not contain 
any other inhibitory substances, the immediate 
conditions of nitrate and nitrite concentrations 
and the organic substrate are crucial to determine 
whether the individual steps of denitrifi cation are in 
balance. The denitrifi cation reaction actually consists 
of four steps:

NO3
-  NO2

-  NO (aq)  N2O  N2        (1)

Variations in the rates of individual steps within 
the denitrifi cation pathway have often reported. 
According to [1-3] under certain conditions, the 
reduction of nitrates was faster than reduction of 
nitrites, causing nitrite accumulation in the system. 
Other studies suggest that nitrous oxide production 

can exceed its reduction to molecular nitrogen, leading 
to the accumulation of nitrous oxide [4,11]. A number 
of authors describe the accumulation of nitrites 
during denitrifi cation [12,13]. Nitrite accumulation 
may result from a lag in synthesis of nitrite reductase 
or from nitrate inhibition of nitric oxide reductase 
[14]. The inhibitory eff ect of the intermediate NO 
on COD via the inhibition of oxygen consumption is 
mentioned by Casey TG, et al. [15]. Schulthess RV, et al. 
[16] have reported the accumulation of NO as a result 
of a shock increase in the concentration of nitrites 
and the subsequent inhibition of the further steps of 
denitrifi cation process. Lu, et al. [17] have reported 
that nitric oxide inhibits near all N-reductase, and 
is normally detected at very low concentrations in 
bacterial cells. The activity of nitric oxide reductase 
is approximately 10 times higher than that of nitrite 
reductase, thus ensuring accumulation of the toxic 
NO. [18] Nitric oxide, generated by the action of nitrite 
reductase, inhibited the respiratory terminal oxidase 
activity of Paracoccus denitrifi cans [19].

In their investigations, Schulthess RV, et al. [16] 
measured the production of volatile denitrifi cation 
intermediates under both normal conditions and 
high nitrite concentrations. The microbial response 
to a high nitrite pulse was shown to be infl uenced by 
the physiological state of the biomass. Denitrifying 
organisms saturated with nitrate and reducing 
substrate experience a substantial accumulation 
of NO and N2O, along with severe and prolonged 
inhibition of their denitrifi cation metabolism. The 
researchers proposed that the high net production of 
NO following a nitrite pulse is caused by a lag phase 
in NO reductase activity. They suggested that direct 
inhibition of nitric oxide reductase by nitrite.

Denitrifi cation, applied as a full-scale industrial 
wastewater treatment technology, must address not 
only the demands of the denitrifi cation process-
where all phases of the complex microbial process 
need to be balanced—but also challenges arising 
from the nature of production and the composition of 
the wastewater. In real-world operations, inevitable 
fl uctuations occur in nitrate concentrations and other 
accompanying compounds. Additionally, measuring 
and control instruments commonly used in research 
are not always available in practical applications 
[20,21]and in the case of disturbance of the process 
balance, NO is released and denitrifi cation is inhibited.

This study describes eff orts to prevent problems 
with NO inhibition on an industrial scale using 
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resources that are available under such conditions. 
Interventions and optimization of wastewater 
treatment on such a large scale can result not only in 
fi nancial benefi ts from the uninterrupted operation 
of production, which must halt if the treatment plant 
fails to perform as required, but also in a signifi cant 
contribution to environmental protection due to 
impaired NOx reduction and release.

Operational problems caused by the formation 
of nitric oxide and its inhibitory eff ect on the full-
scale denitrifi cation of industrial wastewater from 
nitrocellulose production were studied and options 
for their elimination are discussed.

Materials and Methods
Wastewater treatment plant description

Biological denitrifi cation is applied in the 
treatment of industrial wastewater from the 
production of nitrocellulose with a high concentration 
of nitric and sulfuric acids at a pH of around 1.5. The 
estimated current volume of produced wastewater is 
approximately 2 million m³ per year. The concentration 
of nitrate nitrogen in the raw wastewater typically 
ranges from 100 to 400 mg/L, with sulfates from 1 
to 2 g/L, at a temperature from 15 to 35°C [22]. The 
estimated average fl owrate of wastewater is 4786 
m3/day. The WasteWater Treatment Plant (WWTP) 
has two main technological steps, neutralization and 
denitrifi cation. 

In the wastewater treatment plant reactor, fi ltered 
wastewater is pumped from the fi ltration station 
through a mixer into the neutralization reactor. 50% 
NaOH is dosed into the mixer. The pH probe InPro 
4260i/SG/225 (METTLER TOLEDO) and the Nitrate 
ion selective electrode N-ISE sc (HACH) are installed 
in the neutralization reactor.  The water effl  uent 
from the neutralization reactor is maintained at a pH 
value of 2.2 - 2.5. The subsequent increase in pH to 
the desired value of 7 is ensured by hydroxide ions 
produced during denitrifi cation according to equation 
2.

12NO3
-+5 C2H5OH→6 N2+10 CO2+12 OH-+9 H2O    (2)

Ethanol is added as an organic substrate. 5% 
NaOH is titrated for the precise pH adjustment, and 
phosphoric acid is added as a source of an essential 
nutrient. The mixed denitrifi cation reactor is 
equipped with a Hach Nitratax probe where the UV 
absorption measures the sum of nitrite and nitrate. 

The reactor is also equipped with a Hach LDO probe for 
the luminescent measurement of dissolved oxygen, 
nitrate ion selective electrode N-ISE sc (HACH) and a 
Mettler Toledo model InPro 4260i/SG/225 pH probe.

The treated reactor effl  uent water is separated 
from the sludge biomass in a downstream 
sedimentation tank, a part of the sludge is returned 
to the denitrifi cation reactor. The excess sludge is 
mechanically thickened and handed over for disposal.

The course and monitoring of the denitrifi cation 
process

The concentration of nitrate and the infl ux of 
wastewater change during the day, sometimes 
signifi cantly, and fl uctuations due to the nature of 
production are not controlled. Nitrates concentration 
in the infl uent to the denitrifi cation reactor is 
measured with an ISE probe as a base for calculation of 
actual nitrate loading rate along with the wastewater 
infl ow. The nature of t h e signal from the ISE does 
not allow it to be used as a control probe for ethanol 
dosing, because in our conditions, there was a rapid 
shift in the probe response. It had to be calibrated 
often. So, it is more suitable for trend monitoring 
rather than providing precise concentration values. 
Another disadvantage of using the nitrate ISE 
was that the control system only dosed ethanol to 
remove nitrates and nitrites that had accumulated 
uncontrollably in the reactor. Thus, leaving the 
operation reliant on feedback control based on the 
Nitratax probe. The Nitratax probe which measures 
actual concentration of both oxidized nitrogen forms 
(nitrate and nitrite) in the denitrifi cation reactor 
is employed to automatically control the dosing of 
ethanol as a substrate. 

Th e ethanol dose is determined by multiplying 
the nitrate nitrogen mass loading by a coeffi  cient 
intentionally set higher than the stoichiometric 
consumption of ethanol, which is 1,37 g of ethanol per 
g of N-NO3

-. The regulator has two restrictions: a) the 
maximum ethanol fl owrate limited to 400 L/h and b) 
ethanol dosing is stopped when the Nitratax probe 
signal falls below 10 mg/L and it resumes when the 
signal rises back to 10 mg/L. As a result, the dosing 
of ethanol is very uneven, but allows to maintain 
a relatively stable concentration of total inorganic 
nitrogen in the effl  uent from the wastewater 
treatment plant.

The LDO probe monitors dissolved oxygen [23] 
and is submerged in the denitrifi cation reactor. The 
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probe measures oxygen and was specifi cally placed 
to check the anoxic conditions in the upper part of 
the reactor, where atmospheric oxygen diff usion 
could occur and possibly inhibit denitrifi cation 
[24]. However, during the inhibition events, the 
probe recorded extremely high signal levels that 
exceeded possible dissolved oxygen concentrations. 
An explanation was the interference reaction of the 
probe to a high concentration of NO. Klaus, et al. [25] 
observed a similar signal from the Hach LDO probe 
during denitrifi cation tests in the laboratory that they 
attributed to NO. 

Measu rement of the LDO probe signal in the 
presence of NO

The laboratory experiment was carried out to 
determine whether the LDO probe reacts to the 
presence of nitric oxide and whether it is capable 
of detecting dissolved nitric oxide with suffi  cient 
sensitivity. The e xperiment consisted in gasifi cation 
of distilled water with nitric oxide, which was 
prepared by reducing nitrite with divalent iron in 
generator according to following reaction.

NO2
- + Fe2+ + 2H+ → NO + Fe3+ + H2O                                       (3)

Crystalline sodium nitrite and crystalline ferrous 
sulfate were mixed in the generator with distilled 
water and the mixture was acidifi ed with 98% 
sulfuric acid. The generated nitric oxide was directed 
into a saturator containing distilled water, where 
a saturated solution of nitric oxide was produced. 
Sources state that the maximum solubility of NO in 
water at room temperature and pressure is 2 mmol/L 
[26-29] This saturated NO solution was gradually 
displaced by nitric oxide (by opening the valve V1) into 
a specifi c cell with distilled water, where the response 
of the LDO probe was monitored. A laboratory Hach 
LDO probe with a portable Hach HQ30d converter was 
used for the measurements. The following apparatus 
(Figure 1) was constructed to perform the experiment:

Another important consideration was the 
autooxidation of NO in oxygen-containing water. In 
our experiment prepared a saturated NO solution was 
being added into a specifi c cell containing water that 
initially contained certain amount of soluble oxygen 
according to temperature and pressure. Ford PC, 
et al. [27-29] states that NO is oxidized in aqueous 
solutions with oxygen, following the reaction:

4 NO + O2 + 2 H2O → 4 NO2
 + 4 H                                     (4)

The oxidation of NO in aqueous oxygen-containing 
solutions is a second-order reaction in terms of 
kinetics [30]. Details of the experiment and data of 
the probe calibration are in Supplementary material.

Results and Discussion
LDO oxygen probe signal and NO concentration

The interference of nitric oxide with the LDO 
probe has been demonstrated by other authors 
[20,25], but the probe's responsiveness to dissolved 
NO concentration has not yet been measured which is 
essential for the design operational measures based 
on it.

Following NO addition to the volume of water in 
specifi c cell, the LDO probe's response decreased as 
the incoming NO reacted with the dissolved oxygen. 
Once the oxygen was depleted, the probe began 
to respond steadily to the increasing nitric oxide 
concentration, showing continuous incremental 
response. In the following fi gure 2, the course of the 
response of the oxygen probe to increasing additions 
of dissolved NO is plotted.

At fi rst, there was a drop in the probe's signal 
because the introduced NO reacted with dissolved 
oxygen, reducing its concentration in the solution. So 
here the probe registered oxygen, and the NO brought 
in was oxidized. After the second NO addition to 0.4 
mmol, the LDO probe signal reached its minimum of 
1.27 mg/L O2. At this point it can be assumed that all 
the oxygen had been reacted with NO and since then 
the probe has only registered nitric oxide. The real 
concentration of NO is further calculated as diff erence 
between total added NO and NO consumed and the 
relation to the signal of LDO probe is presented in 
fi gure 3.

Figure 1 Scheme of apparatus for NO production and dissolving in 
water.

https://www.jelsciences.com/articles/jbres2050s.docx


005Stanek R and Zabranska J (2025) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2050

Figure 2 Oxygen probe response to increasing additions of dissolved nitric oxide.

Figure 3 LDO probe response on the nitric oxide concentration.

A linear regression is dotted in the graph, and 
above it is an equation including the calculation of 
the regression coeffi  cient. From a NO concentration 
of 2.4 mg/L (0.08 mmol/L), the probe response to the 
NO concentration is linear and can be expressed as:

NO [mg/L] = 1.866 x LDO probe response [mg/L O2]           (5)

Thus, the LDO probe's sensitivity to dissolved 
nitric oxide is nearly 2 times higher than that of 

dissolved oxygen alone. In the absence of oxygen, 
the probe response is linear to its maximum range, 
representing 36.8 mg/L NO. 

We foun d that we could not detect very low 
concentrations with this procedure. The response 
of the LDO probe decreased at the beginning of the 
experiment, when the dosed nitric oxide reacted 
with dissolved oxygen, but when it decreased to a 
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certain value, it started to increase again. Although 
we repeated the experiment several times, the probe 
response never fell below the values around 1.2 mg 
O/L. Despite this, in the denitrifi cation reactor we 
measure values close to zero (e.g. 0.05 mg/L). A 
possible explanation is that the oxidation of NO, being 
a second-order reaction, proceeds very slowly at low 
concentrations. Thus, both dissolved gases (NO and 
O2) coexist in the system for a relatively long time. In 
contrast, in a real denitrifi cation reactor, oxygen is 
entirely absent as it is immediately consumed in the 
oxidation of the added organic substrate. 

The possibility of continuous measurement of 
NO concentration is a highly useful tool, enabling 
the immediate detection of its presence during 
denitrifi cation and allowing for early technological 
interventions to avoid problematic situations that 
could reduce process effi  ciency. 

At the  time of this study, the market lacked 
an operational on-line measurement for direct, 
continuous monitoring of dissolved nitric oxide in 
aqueous solutions, that could be used to compare 
responses with the LDO probe. A brief test was 
conducted using an electrochemical NO sensor (a 
membrane electrode analogous to Clark's oxygen 
electrode) designed for use in medical research. The 
tests were not successful. The subtle probe was unable 
to function under the real conditions prevailing in 
the reactor in a mixture of water and denitrifying 

microorganisms. Therefore, the interaction of the 
LDO probe with nitric oxide was tested directly.

Monitoring the occurrence of NO inhibition

The inhibiting phenomenon always occurred 
abruptly and in some cases was accompanied also 
by the presence of brownish nitrogen dioxide gas, a 
product of reaction of nitric oxide with atmospheric 
oxygen, and presumably also colorless unreacted 
nitric oxide gas above the surface of the denitrifi cation 
reactor, as shown in fi gure 4. Inhibition resulted in a 
complete cessation of denitrifi cation as measured by 
nitrate conversion for several hours to days, causing 
the WasteWater Treatment Plant (WWTP) to be unable 
to process effl  uent and creating signifi cant problems 
for industrial production. The onset of inhibition was 
always extremely rapid, with no warning indicators. In 
order to fi nd out the connection with the deterioration 
of the process, all the available data from monitoring 
the process were studied in detail and compared.

When searching for correlations with the 
occurrence of inhibition, all monitored parameters 
were compared. The oxygen probe signal unexpectedly 
showed a sharp rise in signal not corresponding to 
a stable low oxygen concentration just before the 
inhibitory state began. In the following fi gure 5, 
signals of the oxygen probe are presented, along with 
the nitrate nitrogen loading and the dose of ethanol 
when inhibition occurred.

Figure 4 Evidence of nitrous gases including NO2 rising from the denitrifi cation reactor.
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From fi gure 5 it is evident that after a sharp and 
enormous increase in the signal of the LDO oxygen 
probe, the response of the Nitratax probe increased 
even though the nitrate loading rate was signifi cantly 
reduced. This implies that the removal of nitrates has 
almost stopped. The recovery of the denitrifi cation 
process occurred only after the reduction and removal 
of inhibitory NO, when the response of the LDO 
probe signal returned to the same level as before the 
inhibition. 

An unexpected LDO probe signal caused by 
increased NO concentration occurred at the moment 
when the increased nitrate nitrogen mass loading 
caused an increase in the concentrations of nitrate 
in the reactor. The regulator responded by dosing 
the maximum allowable dose of ethanol. These 
are the conditions leading to the accumulation of 
denitrifi cation intermediates, such as NO2

- and also 
NO in accordance with equation 1. The following 
fi gure 6 shows the concentrations of oxidized forms 
of nitrogen in the reactor just before the onset of 
inhibition.

NO2
-is calculated as the diff erence of Nitratax and 

ISE probes measurements

Shaded Blue rectangles represent periods of 
ethanol dosing.

After the  start of the second ethanol dosing (in 
the 84th minute), nitrites began to rise (in the 90th 
minute) and after another 7 minutes (in the 97th 
minute near the moment of nitrites culmination) did 

the LDO probe response start to rise detecting nitric 
oxide that start to inhibit the denitrifi cation. 

In the experiments of Klaus, et al. [31],When 
NO and N2O concentrations were measured by 
specifi c online sensors alongside oxygen probe, 
the initial dose of nitrites into the reactor caused 
an immediate increase in the concentration of NO 
in the liquid phase and, consequently, a slower 
increase in N2O concentration [21,32]. The increase 
in NO concentration corresponded to the increase in 
dissolved oxygen signal values of the Hach LDO probe 
and a test with injected tap water with pure nitric 
oxide and nitrous oxide showed that the interference 
eff ect on the LDO probe occurred with the addition of 
NO, not N2O [31].

Suppression of inhibition based on knowledge 
of NO occurrence

So, the ability to detect impending inhibition 
was available, but it was necessary to fi nd how to 
prevent it from fully unfolding. When studying the 
circumstances that preceded the inhibition, it turned 
out that it usually occurs after a sudden increase in 
the organic loading. It can be seen from fi gures 5,6 
that a sudden increase in the nitrate load induces an 
increased substrate dosage, which persists, even as the 
nitrate load decreases being transformed but only to 
nitrite. This was also evident from the literature. High 
NO production normally follows the accumulation of 
nitrite [13,33-35]. It has been shown that if substrate 
dosing continues during nitrite accumulation, nitric 
oxide will be produced in such quantity to escape from 

Figure 5 Monitoring of the NO inhibition event including ethanol dosing (L/h), nitrate nitrogen load (kg/d), Nitratax probe response (NO3
- + NO2

- 
mg/L) and LDO probe (O2 mg/L) registering NO evolution.
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the denitrifi ers cells into the water and cause inhibition 
of the denitrifi cation process. Oxygen measurements 
indicated that the presence of oxygen is virtually 
zero for most of the time. Oxygen that diff uses into 
the reactor through the open surface is immediately 
consumed in the oxidation of the added substrate, 
which unfortunately results in higher operating costs. 
During a shutdown in nitrocellulose production, if 
there is a prolonged period of low nitrate loading, and 
the remaining amount of nitrate is removed through 
endogenous denitrifi cation, substrate dosing may not 
be required for an extended period. This leads to a very 
slow increase in the LDO probe signal, representing 
diff using oxygen and once substrate dosing begins, 
the signal drops quickly. However, the phenomenon 
described in this study is the opposite: there is a sharp 
increase in the signal during substrate dosing and a 
slow decrease after dosing stops.

Based on these new fi ndings the fast reduction 
of the substrate load should be considered as the 
nitrogen loading cannot be infl uenced too much. 
When increasing the response of the LDO probe, 
the ethanol dosage was immediately turned off . The 
trend of the signal reversed very quickly and began 
to decrease until it reached back to the zero NO 
concentration level. After that, the substrate dosing 
was resumed and the nitrate concentration in the 
reactor started to decrease, and the denitrifi cation 
performance was restored. No more signifi cant long-
lasting inhibition was observed since substrate dosing 
interruptions based on LDO probe signal were applied. 

The following fi gure 7 documents the course of nitric 
oxide concentration in the denitrifi cation reactor, as 
measured by the LDO probe and recalcu lated using 
equation 5. It can be seen that repeated reductions 
in the dose of ethanol lead to a rapid conversion of 
inhibitory NO and a return to the normal course of 
denitrifi cation. 

Nitratax probe (NO3
- and NO2

-), Nitrate ISE probe 
(NO3

-) and LDO probe (NO).

The reason   for reducing the nitrogen loading was 
the high concentration of nitrogen in the reactor 
effl  uent, which already exceeded the legislative limits 
on effl  uent. Apparently due to frequent substrate 
dosing shutdowns when nitric oxide occurred. 
The reduction in nitrogen loading was achieved by 
limiting the volume of wastewater supplied

Usually, several such occurrences are registered 
per week, of varying intensity but with the same 
course. The increase in the response of the LDO probe 
always follows increased dosing of ethanol, but after 
the quick interruption of the ethanol dosing the 
response of the probe drops rapidly in the range of 30 
min., indicating the drop of nitric oxide concentration. 
To compare the duration of inhibition without timely 
adjustment of the substrate dosage documented by 
fi gure 5 reached up to 300 min.

A signifi cant infl uence of the amount of substrate 
on denitrifi cation is also suggested by the electron 
distribution among diff erent nitrogen oxide 

Figure 6 Concentrations of oxidized form of nitrogen before inhibition measured by Nitratax probe (NO3- and NO2-), Nitrate ISE probe (NO3-) 
and LDO probe (NO).
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reductases [34]. The results showed that electron 
competition occurs under not only substrate limiting 
but also substrate abundant conditions. N2O as a 
consequent product of NO reduction accumulated 
when the electron fl ux going to nitrite reduction was 
higher than that going to N2O reduction. Decreased 
inhibition can also be achieved by addition of some 
external reagents. For example, N2O production from 
denitrifying fl uidized bed bioreactors can be reduced 
using calcium (Ca2+) dosage, but this is not very 
suitable for large volumes and fl ows of wastewater 
[36].

However, not every sharp increase in load will 
cause such a reaction of the probe, and it is not 
excluded that another, as yet unknown circumstance 
plays some role in this proces.

Relation of pH and temperature with inhibition

All measured data were evaluated in relation 
to inhibition states including data of pH and 
temperature. Table 1 presented values of pH and 
temperature during inhibition events.

Five out of the eight inhibitions observed occurred 
at pH lower than 6.5. Two occurred around pH 7, and 
in one case even pH 7.4 did not prevent inhibition. 
The conclusion is not quite clear, but nevertheless 
inhibition appeared more frequently at lower pH. An 
eff ect of lower pH was observed by others [37] who 
found that at a lower pH there is a more pronounced 
accumulation of denitrifi cation intermediates 
(nitrites and nitrous oxide).

A lower temperature could also be the reason for 
the slowing down of the nitric oxide concentration. 
However, the temperature in the reactor varies from 
16 to 35°C depending on the season and inhibitions 
occurred practically throughout this range with no 
signifi cant relation to temperature.

Conclusion
Nitric oxide as intermediate product of 

denitrifi cation is highly toxic and therefore 
responsible for inhibiting the denitrifi cation of 
wastewater from nitrocellulose production and 
thus causes serious problems. While investigating 
the cause of its evolution and the possibility of its 
monitoring, the dependence of the oxygen probe 
signal on its concentration was found.

The oxygen optical luminescence (LDO) probe 
was calibrated to measurement of NO in absence of 

Table 1: pH and temperature during inhibition events.

Duration of inhibition
[h]

pH in the 
denitrifi cation reactor

Temperature
[°C]

8.5 7.4 16.0

8 6.1 30.0

18 6.1 21.2

24.5 6.2 27.6

17 6.2 31.1

14 6.3 30.8

24 6.9 27.2

8 7.0 29.6

Figure 7 The example of the course of early intervention against the occurrence of inhibition using the LDO probe signal.
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oxygen. The relationship is linear and can be express 
as NO [mg/L] = 1.866 O2 [mg/L] and as a result the 
concentration of nitric oxide in the wastewater can be 
measured. 

By monitoring the increased signal of the oxygen 
probe caused by the presence of NO, it may be possible 
to intervene before the inhibition develops to a 
dangerous level. A sharp increase in signal from the 
oxygen probe is associated with high nitrate loading 
which, in the presence of corresponding high dose 
of ethanol, leads to the accumulation of nitrites as 
a denitrifi cation intermediate. This accumulation, 
combined with an excessive dose of substrate, results 
in the formation of NO.

A connection between substrate excess and NO 
occurrence was strongly suggested by the results. 
Immediate short-term stop in substrate dosing after 
rise of the LDO signal prevented the accumulation of 
nitric oxide and thus the inhibition of denitrifi cation 
process. Inhibition’s phenomenon seems to be 
independent of temperature in the range of 16-35°C.
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