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Abstract

Background and Aim. Studies conducted in recirculation aquaculture system (RAS) show that the
immunity of juvenile sturgeon can vary significantly depending on several factors, including water
quality, housing conditions, nutrition, and stress levels. Juvenile sturgeon are more vulnerable to disease
and intoxication than adults, and their immune systems are still developing. The aim of this research was
to study the intoxication of juvenile sturgeon by nitrogenous compounds, such as ammonia, nitrites and
nitrates, which are formed during fish metabolism and pose a significant threat.

Materials and Methods. Materials for the study included juvenile sturgeon grown in a RAS (Acipenser
baerii and Acipenser Gueldenstaedtii) and recycled water samples from ponds 3, 1 and 8 where the
juveniles were reared. During the study, the following methods were used: clinical examination of
individuals exhibiting physiological deviations, pathoanatomic autopsy of dead sturgeon specimens,
and toxicological analysis of pathological material and recycled water using ultrasound, with results
compared to nominal indicators.

Results. The hydrochemical analysis of recycled water in the RAS, revealed a slight deviation
from optimal values, although levels remained within maximum permissible concentration. However,
juvenile sturgeon can be poisoned even at these levels, because their bodies are very sensitive to minimal
changes in the hydrochemical parameters of the water. This was confirmed by the results of clinical
examinations, and pathoanatomical autopsies.

Conclusion. Sturgeon are more susceptible to poisoning early in their development because their
detoxification systems are less efficient. Water control problems in RAS can be exacerbated by the
accumulation of ammonia and nitrite concentrations to toxic levels. Therefore, it is important to closely
monitor the recirculating water in RAS.

Keywords: sturgeon; intoxication; nitrogen compounds; RAS; nitrification.

Introduction

Recirculation aquaculture systems play a key role in fisheries by providing stable conditions for
fish growth and development. However, high stocking densities and limited water resources, combined
with increased pollution levels and inadequate filtration systems, can lead to the accumulation of toxic
substances, particularly nitrogen compounds produced during fish metabolism.

Nitrogen compounds such as ammonia (NH,), ammonium (NH,"), nitrite (NO,) and nitrate
(NOs) can have toxic effects on fish by interfering with their physiological processes. In recirculating
aquaculture system, low concentrations of these compounds are constantly present due to the two-
step mechanism of action of the nitrifying microflora. Typically, during the startup phase of biofilters,
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a transient accumulation of nitrite may occur, because the energy yield of the chemical reaction of the
oxidation of ammonium to nitrite is much higher than that of the chemical reaction of the oxidation of
nitrite to nitrate. Feed, feed waste, fish excreta and decomposition of organic matter are the main sources
of nitrogen compounds in aquaculture systems [1, 2].

Ammonia is one of the main types of toxic nitrogen compounds found in water, where its concentration
can increase significantly due to the metabolic activity of fish and the decomposition of organic waste.
Ammonia is present in water in two forms: free ammonia (NH3) and ionized ammonium (NH4"). Free
ammonia is highly toxic to fish as it can penetrate cell membranes and disrupt the acid-base balance,
leading to damage to internal organs, respiratory failure and death by severe intoxication. Ammonium
salts are less toxic to fish due to the low aggressiveness of the ammonium ions and, their effect is
mainly due to the presence of free ammonia. With increasing pH and water temperature, the amount
of free ammonia usually increases. Ammonia is also formed in the body of the fish as a by-product of
nitrogen metabolism and is excreted through the gills. The mechanism of ammonia poisoning in fish is
therefore quite complex. It depends on the concentration of exogenous and endogenous ammonia and
the variability of the physico-chemical properties of the water. Ammonia has hemolytic and local effects
and is a typical neurotoxic agent [3].

In juvenile sturgeon, ammonia toxicity initially manifests as neural damage, with increased activity
of acetylcholinesterase and superoxide dismutase, indicating oxidative stress and neurotoxicity. This
is accompanied by a decrease in appetite due to changes in the expression of genes regulating hunger
and satiety: appetite stimulating factors(agrp, npy) decrease, while inhibitory factors(pomc, cart,
crf ) increase. At high concentrations of ammonia, there is a significant decrease in feed intake and
deterioration in physiological state, as reflected in hepatosomatic and viscerosomatic parameters [4].

Nitrite is an intermediate product of ammonia oxidation during the nitrification process, while
nitrate is the end product. Although nitrites are less stable in water, they are more toxic to fish. Nitrite
suppresses hemoglobin levels and can cause methemoglobinemia, which reduces the blood's ability to
carry oxygen, leading to oxygen deprivation. In addition, acute exposure to nitrites in sturgeons causes
ion imbalance (hyperkalemia, increased chloride content, low sodium content), as well as damage to
the liver and cardiovascular system. As the effects of nitrites intensify, behavioral disorders are noted,
expressed as increased breathing, unnatural and sluggish swimming, and loss of balance. Despite this,
sturgeon exhibit a relative tolerance to nitrites due to the ability to regulate blood plasma nitrite levels in
below environmental concentrations[5].

Nitrates in moderate amounts are not particularly toxic to fish. However, high concentrations in water
can negatively affect fish health and have long-term consequences, disrupting the functioning of the
entire aquatic ecosystem. The toxicity of nitrates depends on the size of the fish, with the susceptibility
increasing with increasing fish weight. The LC50 level for nitrates decreases in larger fish, indicating
an increased risk for adult sturgeon in recirculating systems. Endocrine disorders resulting from chronic
exposure to nitrates can cause an increase in the level of sex steroids (testosterone, estradiol) and disrupt
endocrine function, as well as alter secondary stress responses [6]. Therefore, this study aims to identify
pathological changes in juvenile sturgeon caused by nitrogen compound poisoning. In addition, the
research aims to develop a set of preventive measures tailored to the progression and severity of the
intoxication.

Materials and Methods

The studies were conducted between September 2024 and February 2025. The materials for the study
were reared juvenile sturgeon weighing 100-150 g, grown in a RAS (Acipenser baerii and Acipenser
ruthenus) and recycled water samples from rearing basins No. 3 and 8, as well as from quarantine basin
No. 1, where juveniles were kept at a stocking density of 80 kg/m”.

The study began with a clinical inspection of hydrobionts. During the clinical examination, attention
was paid to external changes and the general condition of the fish. At autopsy, the condition of the
internal organs and any pathological changes were examined. Additionally, the amount of nitrogen
compounds in the circulating water of the pond where the suspected fish were landed was determined
and compared with nominal indicators [7].

Nessler's reagent was used to determine the amount of total ammonia in water. A positive reaction
with Nessler's reagent results in a yellowish reddish-brown colour change in the solution. First, the
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proportion of ammonium ions relative to non-ionised ammonia was determined, followed by calculation
of the total ammonia concentration (mg/L). The Griess reagent was used to determine nitrite and nitrate
concentrations in the water. A pink color indicates the presence of nitrite and a yellow colour indicates
the presence of nitrate [8-10].

Ammonia in pathological material was determined by a qualitative method using three indicator
papers moistened with alkaline solution of lead acetic acid, alkaline solution of copper sulphate and wet
litmus paper. A blue colour change in the litmus and copper paper indicates the presence of ammonia
in the organ homogenate. The homogenate was placed in a corked conical flask. Z. Svobodova’s micro
diffusion method is used for the quantitative determination of ammonia in fish, and K. Schreckenbach
and others describe the Miiller-Weisenhirtz and Keller methods based on the use of indophenol as an
efficient indicator [11, 12].

Results and Discussion
Table 1 presents the results of nitrogen compound analysis in water samples collected from rearing
basins No. 3, 1 (quarantine), and 8 in the RAS.

Table 1 — Results of Analyses Nitrogen Compounds in RAS

Nitrogen Maximum Pool No.1
compounds Permitted Pool No.3 (quarantine) Pool No.8
Concentration
1 2 3 4 5
NO:, mg/L 0.25-0.3 0.289+0.043 0.392+0.019 0.369
NOs, mg/L Not less than 40 7.50+0.21 6.80+0.06 13.50+0.14
NHa, mg/L 0.01-0.86 0.25+0.02 0.20+0.01 0.36+0.01

The table shows that the amount of nitrogenous compounds slightly deviates from the norm,
particularly No2, which exceeds the norm by 15-24%. However, juvenile sturgeon can be affected even
by such deviations because their bodies are very sensitive to even minimal changes in the hydrochemical
parameters of water.

The pH and temperature of the aqueous media will affect the balance between ammonia and
ammonium. Nitrite levels increase during the biofilter loading phase and during overloading. Low pH
tends to increase nitrite. If there are no denitrifying plants, nitrate will build up in the water [13].

Nitrites bind to the haemoglobin in the blood to form methaemoglobin, which reduces the ability
of the blood to carry oxygen. Elevated levels of methaemoglobin can be the cause of anemia and other
blood disorders. Nitrates can cause kidney damage, manifesting as nephritis or other diseases. Oxygen
deprivation causes fish to behave abnormally, such as struggling to swim or becoming aggressive,
making them susceptible to infection [14].

Intoxication with nitrogen compounds, particularly ammonia, leads to severe neurological, metabolic
and behavioral changes. The main pathologies are as follows: neurotoxicity, oxidative stress in the brain,
decreased appetite, and tissue damage. Autopsies of dead sturgeon fish revealed changes indicating the
effects of toxins on the fish. Pathological changes are clearly visible: body and gill surfaces covered
with mucus, reddened gills, necrotic areas, muscle weakness, hepatomegaly (enlarged liver), signs of
nephritis, such as reddening and inflammation of kidney tissue, focal haemorrhages (Fig. 1).
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Figure 1 — Autopsies of dead juvenile sturgeon fish

At high concentrations, ammonia causes degeneration, vacuolization and necrobiosis of gill
epithelium, disturbed perfusion of internal organs, and sometimes hepatic necrobiosis. Erythrocyte
haemolysis, nervous system dysfunction and degenerative changes in internal organs are more
pronounced at low concentrations [15].

The clinical signs of poisoning by nitrogen compounds can manifest themselves in a variety of
ways and depend on the degree and duration of exposure to the toxins. In the early stages, restlessness
gradually increases and the fish become more sensitive to mechanical and light stimuli. This is followed
by clonicotonic convulsions characterized by violent movements and trembling of the gills. The fish
lose their balance and open their mouths wide (hypoxia), spread their gills and gill covers, and touch
the bottom of the water. Exposure of juvenile sturgeon to ammonia, especially at high concentrations
(15 mg/l), is associated with pronounced damage to nerve fibers in the brain. This is accompanied by
increased acetylcholinesterase activity, a marker of neurotoxicity. Significantly increased superoxide
dismutase (SOD) activity in the fish brain indicates development of oxidative stress and cell damage
[16].

Nitrogen compounds cause a significant decrease in daily and total feed intake and a decrease in
the fat index, hepatic and visceral indices, indicating metabolic disorders and general fatigue of the
organism. More than 1500 genes involved in appetite regulation are altered by ammonia. Appetite-
stimulating factors (agrp and npy) are suppressed, while appetite-suppressing factors (pome, cart, crf)
are activated.

Even at levels close to the maximum permissible concentration, the general health of aquatic
organisms deteriorates, immunity is weakened, lethargy is observed, excessive mucus is secreted from
the gills, and there are problems with feed consumption and digestion. The lack of feed utilization, in
turn, leads to an excessive load on the mechanical and biological filtration system, and economic losses
for the company [17].

Conclusion

Juvenile sturgeon, like other fish, are very sensitive to the toxic effects of nitrogenous compounds.
As our results have shown, deviations of up to 15-24% can lead to negative effects on the fish, even
death. High concentrations of ammonia can cause stunted growth, decreased immunity, and increased
mortality. In the early stages of development, sturgeons are more susceptible to poisoning because their
detoxification system is less effective. Problems with regulating water flow in the RAS may worsen due
to an increase in the concentration of ammonia and nitrites to toxic levels. It is important to control the
water circulation in the RAS.

Methods for Monitoring and Controlling Nitrogen Compound Concentrations:

1. Filtration and biofiltration systems. One of the most effective methods of the control of
nitrogen compounds in the recirculating water of a wastewater treatment system is the use of bio-
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filtration. In biofilters, water toxicity is significantly reduced by microbiological processes of ammonia
oxidation (nitrification) and the subsequent conversion of nitrites to nitrates. However, for biofilters
to operate effectively, it is necessary to maintain optimal conditions for the development of beneficial
microorganisms. This requires constant monitoring of water parameters.

2. Recycled water changes and aeration. Regular partial water changes and improved aeration are
also important measures to control nitrogen levels. This assists in maintaining proper oxygen levels
and removing excess ammonia and other toxins. However, this process must be balanced, taking into
account the needs of the sturgeon, as excessive water changes can cause stress to the fish.

3. The use of chemical agents. In some cases, to rapidly reduce levels of toxic nitrogen compounds
in water by binding ammonia and other compounds and preventing their accumulation in water bodies,
chemicals such as zeolites or special aquaculture additives are used.

4. To increase the sturgeon’s resistance to poisoning, several measures should be taken. These
include continuous monitoring of water quality, optimization of stocking density (since overcrowding
accelerates the accumulation of nitrogen compounds), enrichment of the diet with balanced protein and
energy levels (which helps reduce ammonia formation during metabolism), and the use of ultraviolet
radiation and ozone treatment, which effectively eliminate nitrite and ammonia from the water, and
reduce their toxicity to fish [18].

Controlling nitrogen compounds concentrations is essential for maintaining the health of juvenile
sturgeons. An integrated approach including biofiltration, regular water replacement, and the use of
specific technologies can significantly mitigate the harmful effects of ammonia, ammonium, nitrites, and
nitrates, thereby contributing to the success of sturgeon aquaculture.
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Ty#BIK cyMeH KaMTaMAachI3 eTy KOHABIPFBLIAPHI JKYliecinae ecipijeTin
skac Oexipe 0aJBIKTAPBIHBIH 230T KOCHLIBICTAPbIMEH YJIaHYbI

bekcynran A.E., ['maastos H.C., CapueB b.T., bpuruma A.B., HumaTtos A.1.

Tyiiin

AnFpimaprrap MeH Makcat. TYHbIK CyMEH KaMTaMachI3 eTiireH Kouabipreiiap xyiecinze (TCKeK)
kac Oexipe OanbIKTapbIHBIH UMMYHHUTETIHIH JeHreii Oipkartap dhakTtopiiapra, COHBIH IMTHAE CYABIH
camnachlHa, a3bIKTaHIBIPY HOpMaIaphlHA KOHE CTPECCTiH 0OybIHA OAalIaHBICTHI alTapIIBIKTal e3repyi
MYMKiH. XKac Oekipe TykbIMaac OajbIKTap epecek OanbIKTapra KaparaHla aypy MEH MHTOKCHKALUIFa
Oeliim, oapaplH IMMYH/IBIK XKYHeci oIl Jie JaMbIll KeJedi. 3epTTeyIiH MaKcaThl )Kac OeKipe TYKbIMIAC
OabIKTapABIH a30TThI KOCBUIBICTAPMEH, MBICAJIbI, aMMHUAK, HUTPUTTEP JKOHE OalbIKThIH MeTabomu3Mi
Ke3iHJIe naia 00JaThlH HUTPATTAPMEH YIaHYbIH 3ePTTEY OOJBIN TaObIIJIbL.

Marepuanmap MeH omictep. 3eprrey Marepuansl peringe TCKeK xyiecinme ecipinreH xac
oexipe (Acipenser baerii wone Acipenser gueldenstaedtii) xone Oekipe OambIKTapbl ecipinreH Ne3,
1 xone 8 Oacceiinaepneri aifHaJIMaibl Cy YITiIepi alblHABL. 3epTTey OapbiChiHAa (PU3UOIOTHUSIIBIK
ayBbITKYBI Oap Japanap/sl KIMHUKAIBIK TEKCEpY, JIETallbil JKarF1aiaarsl OeKipe TYKbIMaac OaabIKTapabl
NaTaHATOMHUSIIBIK JKaPbIN-CO0, COHBIMEH KaTap MaTOJOTHSJIBIK MaTepHAIIbl TOKCUKOJIOTHSIIBIK Talliay
MEH aifHaJIMaJIbl Cy/Ibl HOMUHAIJIBI KOPCETKIIITEPMEH CAIBICTHIPY 9iCTEPl KOJIJAHBLIIbI.

Hotmxenep. AfiHaaMabl CyIbIH THAPOXUMUSIIBIK TAIIAyBIHBIH HOTIDKEIEpi OOMBIHINIA aMMOHHUI
KOCBUIBICTAPBIHBIH HOPMAJIaH CoJl aybITKYbl aHBIKTAJIIbI, OipaK OJI IIEKTi PyKcaT eTIIreH KOHIEHTPALUS
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neHreiinge. Jlereamen, jkac Oekipe OaNbIKTaphl YIIIH OCHI KOPCETKIIITEp YIaHyIbl TYFHI3YbI
MYMKiH, ce0e0i jkac Oekipe OanbIKTapbIHBIH aF3achl CYJIBIH THAPOXUMUSIIBIK KOPCETKIIITEPIHIH eH a3
e3repicTepiHe /ie oTe ce3iMTall, OYJI KIMHUKAIBIK TEKCEPY/IiH HOTIKEIepIMEeH, COHIali-aK ©JIeKCeHIH
OcTKi KabaThIHIA TOKCHHACPIIH OCEpiH KOPCETETIH ©3repicTepli AaHBIKTAUTBHIH MaTOJOTHSIIBIK
caparntama HOTH)KeJepiMeH pacTaiaibl.

KopseiTeiaapl. JlaMynblH anfamksl Ke3eHIepiHge Oekipe TYKbIMAac OalblKTap yiaHyra Oefim,
OUTKEHI OJIap IbIH IeTOKCHKanus )Kyieci onma Trimai emec. TCKeK-narsl cy bl Oakpiiay mpooieManapsl
aMMHaK TIeH HUTPUT KOHIIEHTPALMSACHIHBIH YIIbI JIEHIelre NeiiH KUHATYyhIMEH KUBIHAAYBl MYMKIiH.
TCKeK-nmarb! aiiHaIbIMAAFbI Cy/IbI OaKblIay MaHBI3/IBL.

KinT ce3mep: sxac Oekipe OabIKTaphl; HHTOKCUKAIHS; a30T KocbutbicTapsl; TCKeK; autpudnkarms.

OTtpaBiieHUEe a30THBIMH COeTHHEHUSIMU MOJIOIH 0CETPOBBIX PbIO,
BbIPAIMBAEMBIX B YCTAHOBKAX 3aMKHYTOI'0 BOJOCHAOKeHUS

bexcynran A.E., 'nnasroB H.C., CapueB b.T., bpuruna A.B., Humaros A.1.

AHHOTALUA

[Ipenmoceuikn n menb. MccienoBaHus, TPOBEICHHBIE B YCIOBHSAX YCTaHOBOK 3aMKHYTOTO
BopocHaOxenHws (Y3B), mokazanm, 9To ypoBeHb UIMMYHHTETA MOJIOIN OceTpa B Y 3B MoXkeT 3HaUNTENBHO
BapbUpPOBaTh B 3aBHCUMOCTH OT psna (akTOpOB, BKIIOUYAs KadeCTBO BOJBI, YCIOBHUS COJEpIKaHUS,
MMTaHWe W Hanmu4ue crpecca. Llenpio nccinenoBannii ObUTO U3yUYeHUE MHTOKCUKAITUN MOJOIHM OCEeTpa
A30THCTHIMH COCTUHEHHUSMH, TAKIMH KaK aMMHUaK, HUITPUTHI U HUTPATHI, 00Pa3yIOMIUXCs B MPOIECCe
MeTabonm3Ma peIObl, TPeACTaBIseT cO00H cephe3HYI0 MpodIIeMy.

Martepuansl u MeTOAbl. MarepuasoM Ui HWCCIENOBAHUS MOCITYXHJIA MOJOIb OCETPOBBIX,
BeIpamieHHas B Y3B (Acipenser baerii u Acipenser Gueldenstaedtii), m ipoOBI 00OPOTHON BOIBI U3
OacceitHa Ne 3, 1 u 8, rae BeIpamuBazach MOJIOAb. B Xofe McciaenoBaHUs HCIIOIh30BATNCH METOIBI
KIIMHUYECKOTO 00cienoBaHust ocoberd ¢ (U3NOJOTHYECKHM OTKJIOHEHHEM, IaTOaHaTOMHYECKOTO
BCKPBITHASA TIOTHOMINX 0COOEH OCETPOBBIX, a TaKKe TOKCHKOJOTHYECKOTO aHAIHM3a MaTOJOTHYECKOTO
MaTrepuaia 1 000poTHOH Bobl B Y3B B cpaBHEHHH ¢ HOMUHAIBHBIMHU TTOKA3aTEIISIMHU.

Pesynprater. lo pesymprataM THAPOXMMHYECKOTO aHaIH3a OOOPOTHON BOABI OBLIO BEISBICHO
HE3HAYUTEIhHOE OTKIOHEHHE OT HOPMBI IT0 aMMOHHIWHBIM COSTMHEHUSM, HO OHO HAXOIUTCS HA YPOBHE
MIpeIeTbHO IOy CTUMOM KOHIIeHTpariu. O THAKO MOJIO/Ib OCETPOBBIX PHIO MOKET OBITH OTPaBJICHA STUMHU
MTOKA3aTEeJISIMHU, TaK KaK OPTaHH3M MOJIOJIN OCETPOBBIX PhIO OYEHb UyBCTBUTEJICH 1a)Ke K MUHUMAJIbHBIM
M3MEHEHUSM THIPOXUMAYECKUX ITapaMeTPOB BOIBI, YTO TIOTBEPKIAACTCS PE3YIbTATaAMHU KITMHIHYECKOTO
OCMOTpA, a TaKXKe IMaTOAHATOMUYECKOTO BCKPBITHS.

3axmrouenue. Ha paHHUX cTafusix pa3BUTHS OCETPOBBIE Ooyiee BOCTIPUMMYHUBEI K OTPaBIICHUIO,
ITOCKOJIBKY WX CHCTEeMa JeTOKCcHKanuu MeHee d¢dextuBHa. [IpobieMsr KoHTposs Boabl B Y3B MoryT
yCYTyOJIAThCS HAKOTUIGHHEM KOHIIEHTpAllii aMMHaka ¥ HUTPUTOB J0 TOKCHYHBIX YpOBHEW. BakHo
KOHTPOJINPOBATH OOOPOTHYIO BOIY B cucteme Y3B.

KuroueBble cjioBa: ocETp; HHTOKCHKAITUS; COSTMHEHUS a30Ta; Y 3B; HuTpuduKamms.
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