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Abstract. The influence of substrates on the oxidation of reduced toxic forms of nitrogen in river water was investigated
by laboratory modelling. Granite and expended clay accelerate the oxidation of ammonium and nitrite ions from 2 to 4
times. The presence of calcium carbonate in water hinders the oxidation of nitrogen in the polluted water.
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Introduction

Experimental data regarding mineral forms of nitrogen, hydrochemistry research and water quality of large and
small rivers in the Republic of Moldova have been published in a number of revues [1,2]. A key reason for the research
of mineral nitrogen is the toxicity of the different forms of its mineral and especially reduced forms. A bibliographic
review shows that for a wide range of bacteria, in contrast to the situation in animal [3] and plant cells [4,5], ammonium
is not toxic, even up to 1 mol/L of synthetic solutions [6]. This happens because the most bacteria prefer ammonium
as a nitrogen source; some species even produce ammonium ion, for example N_-fixing Rhizobia Cyanobacteria and
Proteolytic Clostridia produce ammonium through the fermentation of aminoacids. Resistance to ammonium is a
common property in terms of bacteria [6]. However, nitrites are highly toxic to humans, flora and fauna, being an
important concern regarding water quality. Nitrites are also involved in the pathology of gastric cancer [7,8] and are a
possible cause of migraines [9]; they also compromise the binding capacity of oxygen in the blood and may result in
respiratory deficiencies of aquatic animals and humans [10,11]. Understanding the toxicity of reduced forms of nitrogen
requires the identification of methods of enhancing the oxidation of the nitrification process. Changing forms of nitrogen
in surface water objects have been extensively studied. Pollution sources related to human activities have an obvious
impact on the processes of nitrification and denitrification (oxidation of ammonia, nitrite and nitrate reduction etc.). Hu
X.M. et al. reported the removal rates of NH,*-N during the nitrification-denitrification process and the total nitrogen
(TN) reached 94% and 82%, respectively. From the mass balance, it followed that 87% of NH,"-N was removed by
shortcut nitrification [12]. In a series of previous publications the process of the oxidation of reduced forms of nitrogen
in surface water using pebbles, polymer film and aeration was investigated [13]. These papers reported changes of
nitrogen forms in surface waters. The gravel and polymeric film in addition with aeration have the effect of decreasing
the concentration of ammonium ions in water. Pebbles and polymeric film speed the oxidation of ammonium, while
aeration diminishes its quantity in another way. This research is a continuation of the aforementioned studies.

Materials and methods

In 2012, a number of water samples were taken from the Nistru River in May and its tributaries (rivulet near the
Racovatul de Sud village in January, rivulet near the Cunicea village in May) and from the Prut River in June, as well as
from the Isnovat rivulet in October. The tests of natural water were performed according to ISO methods published in
specialized literature [ 14-19]. Laboratory trials were initiated in glass vessels and respected the minimum recommended
water-sample model volume (3L). The same volume and conditions for the whole series of samples from laboratory
simulation experience are essential [20]. A solution of (NH,),SO, or NH,Cl was added to each sample to obtain the am-
monium ion concentrations between 1.75 and 2.5 mg/L.

The substrate constituted a fourth part of the total volume of each water samples. It was used 1.0 - 2.5 mm of
the substrate granulometric fraction. In the samples 2 grams of chemically pure fine powder of CaCO, were added. The
purity of all used substances corresponded to the ISO requirements [14-18]. Model water samples were kept in natural
lighting and away from direct sunlight. Laboratory simulations were performed under the static conditions. The stirring
was done after each test series. The tests were completed at the same day time.

Contents of ammonium and nitrite ions were determined by standard methods (Nessler and Griess reagents),
using the HACH Spectrophotometer DR/2500 and UV-VIS. The contents of ammonium and nitrites in natural water
were taken into account in all laboratory simulations.
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Results and discussion

The study has been carried out both in small and large rivers, in sections with different pollution levels. The
process of oxidation of reduced nitrogen in water from the rivulet near the Racovatul de Sud village, collected in January
with granite and clay porous substrates, has been experimentally proved.

The presence of granite and clay foam accelerates the oxidation of ammonium ions to the level below
its maximum allowable concentration (MAC) during 7-8 days, and under the limit of quantification by 11 days
(Figure 1a). Ammonium ions oxidation in the presence of granite has an insignificant delay compared with that in
the presence of expanded clay samples, but the formation of nitrite ions and its decreasing concentrations in the same
samples delay by 3-4 days, exceeding MAC of about 1 mg/L (Figure 1b). The nitrite concentration in reference sample
under the same conditions reaches maximum with a delay of 31 days, after which it decreases and subsequently begins
again to raise. After 59 days, within the realized simulation in the reference samples (without substrates) the significant
final reduction of NO," does not achieve. Multiple laboratory simulations of water from different rivers in winter condi-
tions, similar to reference samples, were carried out to ensure that braking reduced nitrogen oxidation in winter samples
was not an incidentally event. In the same way the impact of granite and keramzite was tested. This blocking effect is
evident for both of cases of ammonium oxidation and more obvious of the oxidation stage of nitrites to nitrates. We
should mention after 20-30 days there have not been registered any significant changes, even the results presented below
were obtained in 59 days.

Spring samples from the Nistru River and the rivulet near the Cunicea village have been investigated by means
of a similar model, using both water samples in the presence and absence of CaCO,. The changes described in Figure 2a
show that in the presence of CaCO; the braking of the ammonium ions oxidation takes place. The decreasing the nitrite
amount due to its slow formation is similar in the water samples taken from the Nistru River, section Varancau.
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Figure 1. Dynamics of ammonium ion (a) and nitrite ion (b) concentrations in water samples
collected from the rivulet near the Racovatul de Sud village in January 2012.
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Figure 2. Dynamics of ammonium ion (a) and nitrite ion (b) concentrations in water samples taken from the
Nistru River, section Varancau and the rivulet near the Cunicea village in May 2012.
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The Nistru River, downstream of the Soroca city (section Varancau) is obviously polluted by sewage. Thus, the difference
of cationic detergents amounts between the samples of Nistru River, in Varancau and the Cunicea village is easily
explained. In the sample without the substrate, nitrification is significant, obtaining high concentrations (12-14 mg/L) of
nitrites [21,22]. Formation of considerable quantities of nitrites shows that from day 11 to day 30 the rate of oxidation of
ammonium ions and the NO,"— NO, reduction exceeds the nitrite ions oxidation NO,— NO," [23].

In the sample with CaCO,, the ammonium ions oxidation is stopped. At the same time the level of 0.4 mg/L
of nitrite ions concentration, as for nitrate ions concentration, remains invariable in the analyzed sample within the
studied period of time. Thus, the ratio of the maximum concentrations of nitrites in model samples with and without
CaCO, (Nistru River, section Varancau) is larger by almost two orders of magnitude. In the same figure, the dynamics
of the concentrations of NH,* and NO," ions for river near the Cunicea village, whose waters do not contain synthetic
surfactants, is also depicted. The oxidation of ammonium ions in the rivulet water of the Cunicea village is similar in
both samples (with and without CaCO,). The difference between the indices of nitrite ions in these samples reveals that
calcium ions bind some water-soluble organic substances, and therefore has a small slowing effect on the rate of NO,°
oxidation to nitrates, or causes nitrate ions reduction.

Water samples of the Nistru River at the Bursuc village (Figure 3), which is downstream of the Varancau
village, are less polluted that can be explained by the sedimentation processes of suspended particles. A part of the
organic matter is precipitated by cationic surfactants, which therefore remain in smaller quantities in water. The braking
effect is evident in the Nistru River (section Bursuc) samples in presence CaCO,, but less than the last-mentioned ones.
The water sample collected in summer from the Sculeni section of the Prut River was less polluted, and those sampled
downstream of the Ungheni city after wastewater treatment plants (WWTP) was more polluted, giving to the braking
effect a perceptibly different value. In the last of samples mentioned above, by the addition of CaCO,, the impediment
of the nitrification process was practically complete.
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Figure 3. Dynamics of ammonium ion concentrations in water sample collected from the Nistru River
(section Bursuc) in May 2012.

In the samples from the Ungheni section (Prut River), as in the Nistru River, section Varancau, the ratio
between the maximum nitrite ion concentrations with and without calcium carbonate is about two orders. In polluted
samples of the Nistru and Prut Rivers with added CaCO,, the formation of nitrite ions is mostly likely due to the
reduction of nitrate ions than to the oxidation of ammonium ions to form NO,". The toxic properties of some pollutants
(mostly probably cationic organic substances) are amplified in the presence of calcium carbonate within laboratory
simulations. For the samples taken from the Nistru and Prut rivers, downstream cities, where massive amounts of
effluents from sewage treatment plants reach their waters, the abovementioned phenomenon is revealed. Wastewaters
accumulated in the treatment plants are mostly of domestic origin. So, the large amounts of pollutants in wastewaters
constitute synthetic detergents. Previous research [24] proved that anionic and non-ionic surface-active substances at
the MAC level decreased by a smaller amount the speed of the nitrification process. It is known that the process of the
nitrogen oxidation is delayed in the presence of cationic surfactants and amines. This process has been also studied in
the case of the mixture of cationic and anionic detergents [24]. For such mixture, the toxicity of cationic surfactants
decreases [21,22]. On the contrary, the toxicity of cationic surfactants amplifies with the water hardness increasing
[25]. The phenomenon of the nitrification braking in the presence of CaCO, is characteristic for the water sections
collected downstream WWTP of cities. In the presence of mixtures of cationic and anionic surfactants, a preferential
binding of anionic surfactants to calcium carbonate particles has been found [26,27]. Consequently, it can be assumed
that the decomposition of the associates formed from anionic and cationic surfactants contribute to braking of the
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nitrogen oxidation. This decomposition was performed by treatment with fine powder of CaCO,. In waters there are
remained soluble surface-active cationic substances which manifest bactericidal effect. The enzymes concentration,
which accelerates the nitrogen oxidation, decreases. Thus, the influence of CaCO, on the investigated processes can be
understood. Additionally, it is expected to suppose the formation of associates of CaCO, with anionic organic species,
NH," and NH,OH, which could also lead to braking of the NH,* — NO," process [21,23]. This is one of two possible
causes that might decrease the nitrite ions concentration. The second cause could be shrinking the soluble organic matter
due to its sedimentation on the solid particles of CaCO,, decreasing the speed of the NO,— NO, process.

The same phenomenon was registered for the samples taken in the Prut River close to Sculeni village. Within
the areas of the Prut River at the Ungheni city and the Sculeni village, the presence of CaCO, has a smaller influence on
the ammonium ion oxidation process (Figure 4a). In the rivulet flowing through the Cunicea village, where detergents
are absent, the samples with and without CaCO, show the same nitrification path for both the dynamics of ammonium
oxidation and variation of nitrite ion concentrations. Obviously, it has to be taken into account that nitrite ions could
appear due to reduction of nitrate ions, especially for polluted waters containing more organic substances, which are
able to act as reducing agents. That is why in the samples taken from the Nistru River, section Varancau (Figure 2),
from the Prut River, section Sculeni and the Prut River after WWTP (Figure 4) the nitrite ions are found to be in higher
concentrations that they could be formed from the ammonium oxidation.

The impact of granite, keramzite, calcium carbonate and their mixture on the water samples collected from the
Isnovat River in October was investigated. These studies demonstrate that granite, keramzite and their mixture have a
stimulatory influence on nitrification dynamics (Figures 5 and 6). These cases are similar to those of winter samples.
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Figure 4. Dynamics of ammonium ion (a) and nitrite ion (b) concentrations in water samples collected from
the Prut River, Sculeni section and after WWTP in June 2012.
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Figure 5. Dynamics of ammonium ion (a) and nitrite ion (b) concentrations in the presence of keramzite and
CaCQ, in the water samples taken from the Isnovat River in October 2012.
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The dependence of ammonium ion concentrations on the time demonstrates the stimulation of the ammonium ions
oxidation in the presence of granite, compared to the reference sample (e.g. the sample of natural water to which was
initially added 2 mg/L of ammonium ions).

It should be noted that the rates of ammonium ions oxidation of reference samples and those with calcium
carbonate are very close (Figures 5 and 6). In the last samples taken from the Isnovat River the decreasing the ammonium
ion amounts has an insignificant delay, dissimilar for samples of the Nistru River (spring) and the Prut River (summer).
The difference is only in the dynamics trend of nitrite ion concentrations and their values. When in the reference sample
the nitric index just starts to increase, in the sample with CaCO, it reaches the maximum value. Accordingly, in the
last case, the maximum value (on the eighth day) is 1.3 mg/L, while for the reference sample it is reached after 11
days of the model initiation with a maximum value of 3.01 mg/L. A significant delay occurs in the case of granite and
calcium carbonate mixture. In these samples, the nitrite ions concentration achieves the highest peak. Conversely, the
nitrite ions concentration in the sample with granite and CaCO, separately, are among the lowest ones. Unlike the water
sample containing expanded clays with calcium carbonate, the ammonium ions oxidation occurs analogously as with
the keramzite sample.
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Figure 6. Dynamics of ammonium ion (a) and nitrite ion (b) concentrations in models with granite and
CaCO, only, mixtures of granite and keramzite or granite and CaCO, in the Isnovat River waters collected
in October 2012.

The obtained results (see all figures) show increasing or decreasing the blocking phenomena (stimulating
oxidation of nitrogen reduced forms in river waters) in polluted samples in the presence of suspended particles of calcium
carbonate, keramzite and granite substrates. The stimulate effect of nitrogen oxidation has been explained by authors
[25,28,29] through the adsorption of cationic surfactants on the surfaces of granite and expanded clay. Additionally, the
phenomenon of adsorption of ammonium ions onto the surface of calcium carbonate itself or in combination with other
low cost adsorbents from polluted waters was revealed in a series of published works [30-32]. Unfortunately, all above
mentioned papers do not contain a rigorous explanation about the mechanism of observed phenomena. This question
will constitute an objective of our next communication.

Finally, it is interesting to mention the assumption of authors [27] that even the CaCO, nanoparticles are almost
insoluble in water, once dispersed in water the Ca-OH group can be formed on the particle surface, which may become
either positively (Ca-OH,") or negatively (Ca-O") charged by combining or releasing a proton, depending on the pH
of medium. For example, being dispersed in pure water, the pH of the dispersion is 9.93, indicating that the CaCO,
nanoparticles are positively charged in neutral water.

Conclusions

Granite and keramzite substrates, separately and in their mixtures, show a similar effect in assisting the
oxidation of nitrogen reduced forms in natural surface waters, accelerating the oxidation of ammonium and nitrite ions
from 2 to 4 times.

Calcium carbonate in its mixtures with granite or expanded clays (compared to samples containing separate
substrates) in the river waters slows in a different way the oxidation of ammonium nitrogen, while it causes no braking
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nitrification in non-polluted water. The impact of expanded clay, granite substrates and CaCO, is comparable for samples
collected in different seasons.

Organic pollutants, especially the cationic surfactants, coming from the urban activities, in the presence of

calcium carbonate produce a clear impact on the braking process of oxidation of nitrogen reduced forms in natural
waters.
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