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Abstract: The basic parameters for the evaluation of managed aquacultural fish ponds include
determining their chemical and biological composition. As the main indicators of water quality, we
determine water temperature, pH, conductivity, dissolved oxygen, as well as compounds of phosphorus
and nitrogen. The assessment of nitrogen compounds in aquacultural fish ponds is a daily routine. The
experiment dealt with assessment of ions of nitrite, nitrate and ammonia nitrogen in samples of natural
waters and in standard solutions. The aim of the study was to evaluate the effect of preservation of
reagents used to determine nitrogen ions on the resultant values. Selected assessments of nitrogen ions
were carried out between June 2014 and April 2015. Our results show that the preservation of reagents
at a lower temperature significantly prolongs the shelf life for the assessment of ammonium ions. For
the assessment of nitrite or nitrate nitrogen, this preservation is of no practical importance.
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INTRODUCTION

Water is an indispensable part of human life and is an irreplaceable ingredient in the most varied
fields of human activity. Therefore we require an accurate knowledge of its chemical composition
(Adam 1977). Properly conducted analysis of water thus became the first condition for determining
whether water is or is not suitable for a particular purpose. Analysis of water creates baseline data for
the design of technology for water treatment. Without proper water analysis, it is not clearly possible to
identify the originator of the deterioration of water quality and one cannot even correctly specify the
path to remedy. Water analysis therefore constitutes an indispensable basis for decision-making at all
levels and for all those who deal with water (Horakova et al. 1986).

Chemical analysis of water is a separate and demanding scientific discipline. Some components
involved in the water content are often present only in very small quantities. Therefore it is necessary to
treat water analysis with the utmost importance for an accurate execution. Due to the large variability in
content of individual components, it is necessary that the analytical chemist is completely at ease with
all analytical methodology, from classical methods to the state of the art methods (Adam 1977).

Nitrogen is one of the most important biogenic elements. Nitrogen compounds are of particular
importance because they apply to all biological processes occurring in surface, underground, and waste
waters. They also play a role in biological wastewater treatment processes, the treatment of surface
water, and are important criteria in water quality (HeteSa and Kockova 1998, Ahuja 2013).

Nitrogen in waters occurs in different oxidation states (-I11, -I, 0, +L, +III, and +V), either in ionic
or nonionic form (Zatek 1998). Its main forms that occur in waters include elemental nitrogen,
inorganically bound nitrogen in ammonia, nitrites, nitrates, cyanides, cyanates, thiocyanates,
hydroxylamine, and nitrous oxide, as well as organically bound nitrogen. These forms in nature are
subject to various changes (Griinwald 1993).

Ammonia nitrogen is the primary product of decomposition of most organic nitrogenous
substances of plant or animal origin. Anthropogenic source of ammonia nitrogen of organic origin in
water are primarily domestic waste water, waste from agriculture, and sludge water from sewage (Pitter
2009).
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Dissolution of ammonia in water produces NH3.H, O hydrate, which dissociates into ions of NH4*
and OH". Ammonia is the main metabolite of fish, zooplankton, and other aquatic organisms, so it is
mainly found in intensive fish farming, in recirculation systems, and in ponds (Valentova et al. 2013).

Ammonia nitrogen in water increases the corrosion of copper and its alloys and is toxic to fish.
Toxicity is however greatly dependent on pH and temperature of water. The NH4" ion does not have a
toxic effect, but the undissociated molecule NHs does, as it more easily penetrates cell membranes.
Undissociated ammonia has also a toxic effect on zooplankton (Pitter 2009).

Nitrites in water originate mostly through biochemical oxidation of ammonia nitrogen, or the so-
called nitrification. They occur to a greater extent in waters with intensive fish farming that use biofilters.
They may also arise via disinfecting water with UV radiation, which leads to reduction of nitrates.

Nitrites have a toxic effect on fish and may even cause mass death of fish. But toxicity depends
greatly on the overall composition of water. It is assumed that undissociated molecule HNO, and not
the NO> ion is the main toxic substance. Nitrites penetrate the gill epithelium into the blood to form
methaemoglobin, which no longer has the ability to carry oxygen. The value of the permissible
concentration of nitrite nitrogen depends on the ratio of concentrations of chlorides and nitrites, and is
on the order of hundredths of mg/l (Svobodova 1987).

Nitrates are mainly secondary products of nitrification of ammonium nitrogen and are the final
products of decomposition of nitrogenous organic compounds in oxic environments. A major source of
nitrates in the water is also fertilizing of farmland with nitrogen fertilizers. Nitrates themselves are less
harmful, but may cause indirect harm. For example, they may reduce, through bacterial activity in the
gastrointestinal tract, to more toxic nitrites. Nitrites then react with haemoglobin to methaemoglobin,
which does not have the ability to transport oxygen in blood. If nitrates are not reduced to nitrites, they
get excreted relatively rapidly via urine (Pitter 2009). For fish, nitrates are only very slightly toxic.
Maximum permissible concentration of NO3~ for carp is given as 80 mg/1, for rainbow trout it is 20
mg/1. Only at concentrations of NO3™ above 1,000 mg/1, toxic and lethal effects occur (Svobodova 1987).

MATERIAL AND METHODS
In June 2014, we have prepared the following reagents:
Reagent 1: Colouring reagent for the assessment of ammonium ions
Reagent 2: Sodium dichloroisocyanurate for the assessment of ammonium ions
Reagent 3: 2,6-dimethylphenol for the assessment of nitrate nitrogen
Reagent 4: Sulfanilic acid for assessment of nitrite nitrogen
Reagent 5: Coupling solution for the assessment of nitrite nitrogen.

We have prepared the colouring reagent (1) by weighing 13 g of sodium salicylate in a 100-ml
volumetric flask. Then we have added 13 g of dihydrate of trisodium citrate and 0.1 g of sodium
nitroprusside and after dissolving, we have added distilled water to volume of 100 ml. We have prepared
the solution of sodium dichloroisocyanurate (reagent 2) by dissolving 32 g of sodium hydroxide in about
500 ml of distilled water. After cooling, we have added 2 g of dihydrate of sodium dichloroisocyanurate
and after dissolution added to volume of 1,000 ml.

We have prepared the solution of 2,6-dimethylphenol (reagent 3) by dissolving 0.12 g of 2,6-
dimethylphenol in 100 ml of glacial acetic acid.

A solution of sulfanilic acid (reagent 4) was prepared by dissolving 3.46 g of sulfanilic acid and
27.2 g of potassium bisulphate in 1,000 ml of distilled water. Coupling solution (reagent 5) was prepared
by dissolving 0.040 g of N-(l-naphthyl)-ethylenediamine dihydrochloride in 100 ml of distilled water.

Each reagent was divided into 14 50-ml plastic containers with screw caps. Subsequently, we
have placed seven containers of each reagent in the refrigerator set to a standard temperature of 4 °C
and seven containers in the freezer with standard temperature of -18 °C. Then we have prepared all listed
reagents again and kept them in glass bottles in chemical storage room at a constant temperature
of 23 °C.
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Assessment of nitrogen ions

From July 2014 to January 2015, each month (seven times), we have determined the ions of
ammonia, nitrate, and nitrite nitrogen in a chemical laboratory at the Institute of Zoology, Fisheries,
Hydrobiology, and Apiculture. We have carried out the assessment of nitrogen ions on samples of
natural water and on prepared standard solutions.

Samples of natural water came from different sources and each water sample had different
concentrations of the tracked substances, while standard solutions were always prepared anew. From
the standard solution for the assessment of ammonium ions (3.819 g of ammonium chloride NH4Cl,
dried at 105 °C and dissolved in 1 litre of distilled water) we have prepared a working solution with a
concentration of 1 mg N-NHjy per litre by mixing 1 ml of ammonium chloride with 1000 ml of distilled
water. From the standard solution for the assessment of nitrate nitrogen (0.7216 g of potassium nitrate
KNO3; dried at 105 °C and dissolved in 1 litre of distilled water) we have prepared a working solution
for the assessment of nitrate nitrogen by mixing 20 ml of potassium nitrate with 500 ml of distilled water
at a concentration of 4 mg N-NOj per litre. For the assessment of nitrite nitrogen we have prepared a
working solution by mixing 1 ml of standard solution of sodium nitrite (0.4926 g of sodium nitrite
NaNO; dried at 105 °C and dissolved in 1 litre of distilled water) with 1,000 ml of distilled water. This
solution had a concentration of 0.1 mg of N-NO; per litre.

We have carried out each assessment of nitrogen ions in five repetitions. Then we have excluded
the highest and lowest values, and from the three remaining results calculated the average. First, we
have carried out the assessment of nitrogen ions in individual water samples and in solutions of the
standard by using freshly mixed reagents. After that, we have used reagents stored at room temperature
of 23 °C. Next, we have used reagents stored in a refrigerator at standard temperature of 4 °C. And
finally, we have used reagents stored in freezer at standard temperature of -18 °C. Prior to use, the
preserved reagents were allowed to warm up to room temperature.

Assessment of ammonium ions (N-NH4")

Ammonium ions were determined in water samples on the principle of reaction with sodium
salicylate and hypochlorite ions in the environment of sodium nitroprusside to give a blue colour.

Using a pipette, we have put into each test tube 10 ml of water sample (or standard solution), 0.5
ml of colouring reagent (reagent 1), and 0.5 ml of dichloroisocyanurate solution (reagent 2). Then we
have mixed the samples and let them stand at room temperature for 30 minutes. Subsequently, we have
measured the resulting blue colour on the PhotoLab 6600 UV-VIS Series device. Before loading them
into the machine, we have cleaned each test tube properly and gently mixed the content by flipping.

Assessment of nitrate nitrogen (N-NO3")

We have performed the assessment of nitrates present in the water sample on the principle of
reaction with 2,6-dimethylphenol in the environment of a mixture of concentrated acids to produce a
brick-red coloured 4-nitro-2,6-dimethylphenol.

For each assessment, we have prepared new mixed reagents. Then we have used reagents from
storage (23 °C), from refrigerator (4 °C) and finally the reagents from the freezer (-18 °C). Only the
reagent of mixture of acids, namely sulphuric, phosphoric, and sulphamic acids, we have used those
already prepared and stored in the chemical warehouse. This reagent has an unlimited shelf life.

Then using a pipette, we have added into the photometric test tube 3.5 ml of mixture of acids. To
this, we have added 0.5 ml of a water sample (or standard solution) and gently stirred the mixture. Then
we have added 0.5 ml of 2,6-dimethylphenol (reagent 3), closed the tube with a screw cap, and
thoroughly mixed. After about 15 minutes, we have measured the absorbance on the PhotoLab 6600
UV-VIS Series device. Before inserting into the machine, each test tube was again thoroughly cleaned
and carefully mixed by flipping.

Assessment of nitrite nitrogen (N-NOy)

We have determined nitrites on the principle of diazotizing sulfanilic acid by present nitrites and
coupling the diazonium salt with N-(I-naphthyl)-ethylenediamine dihydrochloride to form a red azo dye.

Using a pipette, to each tube we have added 10 ml of water sample (or standard) and 0.5 ml of
sulfanilic acid (reagent 4) and 0.5 ml coupling solution (reagent 5). We have closed all test tubes with
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screw caps and properly mixed their content. Then we let the tubes stand for 20 minutes at room
temperature. Next we have measured the absorbance on the PhotoLab 6600 UV-VIS Series device.
Before loading into the machine, we have cleaned each test tube properly and gently mixed the content

by flipping.

RESULTS AND DISCUSSION

Figure 1 Changes in the measured values of the standard N-NH 4 (A) and natural water (B) at different
conditions of reagent storage
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Figure 1 suggests that for the assessment of ammonium ions using the reagents stored in the
storage room at 23 °C, the measured values from the first measurement on are lower than the values
determined by other reagents. At low concentrations of ammonia nitrogen in the sample, there is no
noticeable difference, but at higher concentrations, there is a distinct difference in results based on the
mode of preservation of reagent. After three months, the reagent stored at 23 °C shows the measurement
results to be one fourth lower than with other reagents, and after five months, this difference increases
by up to three quarters compared to other reagents. Stability of reagents for the assessment of ammonium
ions, that is colouring reagent and the sodium dichloroisocyanurate solution, is given as at least two
weeks (Horékova et al. 2007).

Our experiment suggests, however, that preservation has a great influence on stability of the
reagents. If we keep reagents in a cold place, such as refrigerator (4 °C) or freezer (-18 °C), we can
extend their applicability. The measured results from the assessments with the use of fresh reagent were
almost identical with the measured results when using reagents from the refrigerator (4 °C) and the
freezer (-18 °C) for a period of six months.
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Figure 2 Changes in measured values of N-NO;" standard (A) and natural water (B) at various
storage conditions of reagents
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As we can see in Figure 2, when the first assessment of nitrite nitrogen took place on July 23,
2014, the measured values were nearly identical, which means that the mode of preservation of reagent
did not have any greater influence on the result of the assessment. In assessments of nitrite nitrogen in
the following months, the measured values were relatively balanced and varied only within the error
context of the used photometric method. Based on our results, we can assume that the impact of
preservation of reagents does not have much influence on the outcome. Reagents for the assessment of
nitrite, such as the coupling solution and the sulfanilic acid solution, according to the literature data, are
stable for about one month (Hordkova et al. 2007). Our results indicate that the usability of reagents
while maintaining the relevance of the test results is considerably longer and that reagents do not need
to be stored at lower temperatures.

Figure 3 Changes in measured values of the N-NOj standard (A) and natural water (B) at various
storage conditions of reagents
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For the assessment of nitrate nitrogen in the standard solution, the most commonly measured
lowest values in the assessment, were reagents stored in the freezer (-18 °C) or refrigerator (4 °C) and
the maximum values were most often measured using fresh reagent, or reagents stored in the warehouse,
as shown in Figure 3 A). The measured values of N-NO;" assessment in water samples are relatively
balanced, as seen in Figure 3 B). The cited usefulness for a solution of 2,6-dimethylphenol is at least
one week (Horakova et al. 2007). Our results show that the method of storing reagents for the assessment
of nitrate nitrogen does not affect the result of the assessment. The usefulness of 2,6-dimethylphenol is
even under standard temperature conditions not more than one month.

CONCLUSION

Stability of reagents used for the assessment of ammonium ions in water, namely the colouring
reagent and a solution of sodium dichloroisocyanurate is, according to our experiment, not more than
one month. Our findings correspond with the published data, which indicate the minimum durability of
these reagents to be at least two weeks. However, their usefulness can be greatly affected by cold storage
since reagents from the refrigerator (4 °C) and the freezer (-18 °C) show a minimum difference in their
results compared to the newly mixed reagents, for a period of six months.

Reagents for the assessment of nitrites, namely the coupling solution and the solution of sulfanilic
acid, are stable according to our experiment for six months. Literature states the stability of the reagents
to be about one month. In contrast to reagents used for the assessment of ammonium ions, the effect of
preservation of reagents used to determine the nitrite nitrogen does not influence much the measurement
result. The preservation of reagents neither plays any important role in the assessment of nitrate nitrogen.
Regents used to determine the nitrate nitrogen is a solution of 2,6-dimethylphenol and a mixture of acids.
A solution of a mixture of acids is stable indefinitely, but a solution of 2,6-dimethylphenol is stable
according to literature for at least one week, and in our experiment for maximum of one month.
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