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STUDY OF THE INFLUENCE OF NITRATES
AND NITRITES ON EMBRYOGENESIS OF DANIO RERIO

An increase in the amount of environmental pollution caused by different hazardous elements and
anthropogenic pressure complicates and decreases Kazakhstan’s natural resources’ stable ecological
state. According to the Republic of Kazakhstan’s bulletin on the state of the environment, the content of
calcium and sodium nitrate and nitrite ions in water bodies grew by 13.5 and 7.5%, respectively, in the
first half of 2022, indicating that their actual concentration exceeded the background class. At the same
time, it was discovered that the level of nitrate and nitrite ions is surpassed not only in aquatic bodies,
but also in the Republic of Kazakhstan’s atmospheric air and soil. Furthermore, there was a decline in
aquatic organism diversification and abundance in the analyzed water bodies, which could be attributed
to nitrate-nitrite pollution and harmful effects on juveniles. As a result, the goal of this study was to look
at the effects of nitrates and nitrites on Danio Rerio embryogenesis. This object was chosen over others
for its lower maintenance expenses, rapid advancement of embryogenesis phases, transparency, and the
comparatively small size of the embryos for successful visual observation. Based on our findings, the
embryotoxic and teratogenic effects of calcium nitrate and sodium nitrite have been proven, resulting in
the death of fish. Calcium nitrate and sodium nitrite at concentrations of 1, 10, and 100 MPC have been
demonstrated to cause dose-dependent embryonic death. Furthermore, to a greater extent under the
action of sodium nitrite. Teratogenic diseases were discovered in surviving larvae, including edema of
the yolk sac and pericardium of the heart, curvature of the skeleton and asymmetry of the body, edema
of the retina, and aberrant formation of the organs of the oral cavity. The findings acquired are theoreti-
cally and practically important in the fields of ecology, ecotoxicology, and aquatic organism biodiversity
protection. They contribute to our understanding of the hazardous effects of naturally occurring nitrates
and nitrites, as well as the need to employ Danio rerio embryos and larvae as test objects for bioindica-
tion of polluted water bodies.

Key words: ecology, zebrafish, nitrates, nitrites, emryotoxicity, teratogenicity, histostructure.
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Danio rerio ambpuoreHesiHe HUTpaTTap
MeH HUTPUTTEPAiH, dCepiH 3epTTey

OPTYPAI KayinTi pakTopAapAbIH >K8HE aHTPOMOreHAIK KbICbIMHbIH, 8CepiHeH KOpLUaraH OpTaHblH,
AQCTaHy AeHremiHiH apTybl KasakcTaHHbIH TabuFn pecypcTapbliHbiH, TYPaKTbl 3KOAOMMSIAbIK, KaF AaiblH
KMbIHAATaAbl XkxaHe TemeHaeTeAl. KasakcraH PecrnybAnKacbiHbIH KOpLLAFaH OpTaHbIH >Kar-Kyni TypaAbl
6toaAeTeHiHe carkec 2022 XKbIAAbIH OipiHLI >KAPTbIKbIAABIFbIHAA CY aMAbIHAAPbIHAAFbI KAAbLIMIA
MEeH HATpUI HUTPATbIHbIH >XOHE HUTPUT MOHAAPbIHbIH, MeALlepi TuiciHwe 13,5 xaHe 7,5%-Fa ecTi,
SFHU OAQPABIH HakTbl KOHLLEHTPAUMSCbl (POHABIK, AeHreraeH acbin TycTi. COHbIMEH Kartap, HUMTpar
MeH HUTPUT MOHAAPbIHBIH AEHreni Cy amAblHA@pblHAQ FaHa emec, KasakctaH Pecny6AMKacbiHbIH
atMocdepaAblK, ayacbl MeH TOrMblpaFblHAQ A aCbIMn TyceTiHi aHblkTaAAbl. OFaH KOCa, 3epTTEAETIH Cy
00bEKTIAEPIHAE BUOAOTUSIABIK, AAYAHTYPAIAIK NEH Cy OPraHM3MAEPIHIH CaHbIHbIH TOMEHAEYI OaKaAAbl,
OYA HUTPAT-HUTPUTIIEH AQCTAHYMEH >KBHE >KaC OpPraHM3MAEpPre TOKCMKAAbIK, 9Cep eTyMeH 6aiAaHbICTbl
60Aybl MyMKiH. COHAbIKTaH OYA 3epTTeyAiH MakcCaTbl HMTpaTTap MeH HUTpUTTepAiH Danio rerio
ambpuroreHesiHe acepiH 3epTTey 6GOAbIN TabbiaAbl. backa cbiHak, 06bekTiAepiMeH CaAbICTbIpFaHAa
OYA OOBEKTIHI TaHAQY 3epTTeyre KeTeTiH WbiFbIHAAPAbIH TOMEHAITIMEH, aMOproreHes KeseHAEepiHiH,
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AeyiMeH, 3MOPMOH KabbIKLIACbIHbIH MBAAIPAITIMEH >KOHe COTTI BM3yaAAbl OakblAay YLIiH 3MOPUOHAAP-
AbIH CaAbICTbIPMaAbl TYPAE KilLKEeHTal eAlleMiMeH TYCIHAIPIAeAl. AAbIHFAH HOTUXKEAEpIMi3 HerisiHae
KaAbLLMI HUTPATbl MEH HaTPUM HUTPUTIHIH SMOPUMOTOKCUKAADIK, XKOHE TepaToreHAi acepi aHbIKTaAAb,
OYyA aKblp COHbIHAQ BaAbIKTapAbIH 6AiMiHe akeaeai.1, 10 xxoHe 100 LLIPK koHUeHTpaumscbiHAQ KaAb-
LUMIA HUTPATbl MEH HATPWMIA HUTPUTIHIH BCEPi A03aFa TOYeAAl SMOPUMOHABIK, OAIMAI TyAblpaTbiHbl KOp-
CEeTIATEH, OHbIH iLIHAE, HATPUI HUTPUTIHIH BcepiHeH kebipek aspexeae. Tipi KaAraH AEPHICIAAEPAE
TepaToreHAi 6y3blAbICTap 3MOPUOHHBIH, Capblybl3 KarliblFbl MEH >KYPEK MepuKapAbIHbIH, iCiHYi, KaHKa-
HbIH KMCAlObl )XOHE AeHEe aCCMMETPUSICbI, K63 TOPbIHbIH, iCiHYi, aybl3 KYbICbl MYyLUEAEPiHiH aHOMAAbAbI
TYPAE KaAbINTaCybl TYPIHAE aHbIKTAAAbI. AAbIHFAH MOAIMETTED 3KOAOTMS, IKOTOKCUKOAOTUS XKaHe Cy
OpraHM3mMAEepiHiH 6MoaAyaHTYPAIAITIH cakTay caracbiHAQ TEOPUSIAbIK, >KOHE MPAKTUKAAbIK, MaHbI3bl Gap.
beariai 6ip aAopexxeae oAap TaburaTTa KeH TapaAFaH HATPATTap MEH HUTPUTTEPAiH TOKCMKAABIK acepi
Typaabl GIAIMA| KEHENTEA], COHbIMEH KaTap AaCTaHFaH Cy 06bekTiAepiH OMOMHAMKALIMSIAQY YLLIH CbIHAK,
o6bekTiAepi peTiHae Danio rerio aM6proHAApPbI MEH AEPHBCIAAEPIH ManAaAaHy KaXkeTTIiAIrH pacTan-
Abl.

Ty#in ce3aep: aKoAorusi, 3e6paduil, HATPATTAP, HUTPUTTEP, SMOPUOTOKCHMHAIAIK, TepaTOreHAi-
AIK, TUCTOKYPbIABIM.

ALA. KoxxaxmeTtosa'?*, A.T. Yeknmbaesa'?,
A.M. TaeHwmeBa'?, T.M. LLlaraxmeToBa'?

'Kasaxckuit HaupoHabHbI YHBepcuTeT umenn aab-Mapabu, KasaxcraH, r. AAmatbl
?Hay4YHO-MCCAEAOBATEALCKMIA MHCTUTYT NMPo6AeM 6MOAOTMM U BUOTEXHOAOT M,
Kasaxckuil HauMOoHaAbHbIM yHMBepcuTeT nMern aab-Mapabu, Kasaxcra, r. AaMartbl
*e-mail: ddiyeol@mail.ru

UccaeaoBaHMe BAMSIHMSI HAITPATOB M HUTPUTOB
Ha smbOpuoreHe3 Danio rerio

[NoBbileHMe YPOBHS 3arpsi3HeHUst OKpYy>KaloLLleit CpeAbl MoA BO3AENCTBMEM PAa3AMYUHbIX OMACHbIX
(haKTOPOB M AHTPOMOreHHOM HArpPy3KM OCAOXKHSIET M CHUXKAET CTaBMALHOE DKOAOTMUECKOe COCTOsHME
NpuUpoAHbIX pecypcoB KazaxcraHa. Mo aaHHbIM GroareTeHs PK 0 cocTosHum okpyskaiolein cpeabl B
nepBom noAayroamm 2022 roaa copep>kaHne HUTPaT- M HUTPUT-MOHOB KaAbLLMS M HAaTPMS B BOAOEMAX
YBEAMYMAOCb COOTBETCTBEHHO Ha 13,5 1 Ha 7,5%, TOo ecTb hakTuyeckas Mx KOHLEHTpaLMs npeBbl-
crAa (DOHOBbBIN YpOBeHb. [py 3TOM YCTAaHOBAEHO, YTO YPOBEHb HUTPAT- U HUTPUT-MOHOB MPEBbILLIEH
He TOAbKO B BOAOEMax, HO M B aTMocepHom Bo3ayxe n nouse PK. [MomMnmo 3Toro HabAKAAAOCH
CHUXKeHMe 61MopasHOOOpasms U YUCAEHHOCTU TMAPOOUOHTOB B MCCAEAOBAHHbIX BOAOEMAX, BO3MOMXK-
HO, CBS13aHHbIE C HUTPAT-HUTPUTHbBIM 3arpsi3HEHMEM U TOKCMUYECKMM BAMSIHMEM Ha MOAOAb. [ToaTomy
LeAbIO AQHHOTO MCCAEAOBaHUS IBUAOCH M3YUEHME BAMSIHUS HUTPATOB M HUTPUTOB Ha 3MbBpuoreHes
Danio Rerio. BbiGop AaHHOro 06beKTa Mo CPABHEHUIO C APYTUMM TECT-0ObekTaMM 00YCAOBAEH BoAee
HM3KMMM PacXOAaMM Ha CoAepyKaHme, BbICTPbIM MPOTEKAHMEM CTaAMI SMOPUOreHesa, NPOo3padvHOCTbIO
MU OTHOCUTEABHO HEBGOAbLLIMM pPa3MepPoM 3MOPUMOHOB AAS YCMELIHOrO BUM3YaAbHOro HabAloaeHus. Ha
OCHOBaHUM MOAYYEHHbIX HAMW PE3YAbTATOB YCTAHOBAEHO SMOPUOTOKCUMUECKOE M TEPATOreHHOE AEMCT-
BME HMUTPATa KaAbLMSI M HUTPUTA HATPUS, NMPUBOASILLEE, B KOHEYHOM cUeTe, K rnbean pbib. MokasaHo,
UTO BO3AEMCTBUS HATPATA KaAbLMS M HUTPUTA HaTpma B KOHUeHTpauuu 1, 10 n 100 MNMAK Bbi3biBaloT
A0303aBUCUMYI0 CMEPTHOCTb SMOPUOHOB. [pryem npun BO3AENCTBUS HATPUTA HaTpUs B BOAbLLEN CTe-
neHu. Y BbKMBLUMX AMUMHOK OOHAPY>KMBAAMCh TEPATOrEHHbIE HAPYLLEHWS B BUAE OTEKA XKEATOUHOMO
MeLlKa 1 neprKapaa cepAlia, MICKPUBAEHMS CKEAeTa M aCUMMETPUK TeAa, OTeka CeTUYaTKM rAas3a U Her-
PaBMABHOrO (hOPMUPOBAHMS OPraHOB POTOBOM MOAOCTU. [TOAYUEHHble AQHHbIE MMEIOT TEOPETUYECKOe
M MpaKTUYeckoe 3HaveHure B 06AACTU IKOAOMMM, SKOTOKCUKOAOTUM U B Cchepe coxpaHeHusi Gropas-
HOO6pasus rMAPO6MOHTOB. OHM B M3BECTHOM CTEMEHU PACLUMPSIOT 3HAHUS O TOKCUUYECKOM AEMCTBUM
LLIMPOKOPACMPOCTPAHEHHbBIX B MPUPOAE MOAAIOTAHTOB — HUTPATOB M HUTPUTOB, @ Tak>Ke NMOATBEPIKAQIOT
hakT HEOOXOAMMOCTU MCMOAb30BaHUS SMOPUOHOB M AMUMHOK Danio Rerio B kauecTBe TeCT-06beKTOB
npu 6UOMHAMKALMM 3arPsIBHEHHBIX BOAOEMOB.

KatoueBble cAOBa: 3KOAOMMS, 3e6padpuill, HATPaTbl, HUTPUTbI, IMOPUOTOKCUUYHOCTb, TEPATOreH-
HOCTb, TMCTOCTPYKTYpa.

Introduction husbandry, and wastewater discharges, they may
reach the food chain as chemical contaminants in

Nitrites and nitrates are widely employed in the  water[1]. Plants use nitrates as their primary nutrition
preservation of meat and other consumable products.  in nature. The majority of nitrates used in commerce
Because of their use in intensive agriculture, animal  are inorganic fertilizers. Nitrates and nitrites are also
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employed in food preservation, some medications,
and ammunition and explosives manufacturing [2].
Because decomposition or denitrification happens
in modest amounts under aerobic circumstances,
nitrate leaks into the aquifer in significant quantities.
Nitrate is denitrified or nearly entirely degraded
to nitrogen under anaerobic circumstances.
Surface waters can also undergo nitrification and
denitrification depending on temperature and pH.
However, nitrate uptake by plants depletes nitrate
stores in surface waters. Nitrates are found in the air
mostly as nitrates and inorganic aerosols, but also as
nitrate radicals and organic gases [3].

Nitrates are extremely mobile in soil and can
migrate into groundwater due to their high water
solubility and limited soil retention. Because
nitrates and nitrites are not volatile, they can linger
in water until they are absorbed by plants and other
creatures [4]. Bacteria uptake ammonium nitrate,
and nitrate decomposition is faster in anaerobic
circumstances [5]. Nitrite can readily oxidize to
nitrate, and nitrate is the more prevalent component
in groundwater [6].

Calcium ions dominated precipitation by 13.5%,
sodium ions by 7.5%, and actual concentrations
of nitrite and nitrate anions, chemical oxygen
consumption exceeded the background class,
according to the Republic of Kazakhstan’s
information bulletin on the state of the environment
in the first half of 2022. In urban wastewater
discharges, exceeding quality criteria based on these
indicators is most common [7].

The amount of nitrate and nitrite ions is exceeded
not only in aquatic bodies, but also in the Republic
of Kazakhstan’s atmospheric air and soil, according
to biotesting data. At the same time, the active
expansion of industry, agriculture, and human life
pollutes water, land, and the atmosphere even more
[8-13].

Materials and reseach methods

The study’s subject and the conditions for its
content

The Danio rerio fish, which is widely used
in science as a model object to establish various
teratogenic effects of chemicals, pollutants, drugs,
and so on, was chosen as the subject of study [14].
Individuals with sexual maturity and a length of
4 cm were used in the experiment. Females were
distinguished from males by the presence of a large
round belly and mild back lines, while males had a
longer elongated body. The fish were kept in 15-liter
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aquariums with natural light, a saturation of about
80% oxygen, and a regular medium pH of 6.5-8. The
ideal temperature for breeding Danio rerio fish is 25-
28°C. The diet consisted of dry food supplemented
with vitamins and live A. crustaceans. To prevent
fungal infections, methylene blue drops were added
at each water change. 5 ml of the solution was added
for every 10 | aquarium water for fish treatment.
Males were kept apart from females and were only
kept in the same aquarium during spawning.

Principles and conditions for obtaining embryos
mastering the ZFET methodology

The Zebrafish embryotoxicity test (ZFET) is a
method for determining the toxicity of compounds
by observing their effects on zebrafish embryos.

It is based on the use of zebrafish embryos,
which are extremely sensitive to harmful chemicals
and grow quickly.

During testing, zebrafish embryos are immersed
in a variety of hazardous solutions before their
survival, growth, and development are assessed.
Changes in these characteristics may indicate a
substance’s toxicity. The ZFET methodology, which
can be used to analyze medications, insecticides,
and other chemicals, is an alternative to established
toxicity assessment methods such as animal testing.
Figure 1 depicts the procedure for carrying out the
ZFET methodology. The resulting embryos are
first disseminated on Petri dishes, then fertilized
embryos are picked using microscopy, and dead or
coagulated eggs are eliminated. It is also useful for
determining the environmental safety of substances
and materials [15-19].

For the ZFET method to work properly, eggs
must be quickly distributed among Petri dishes,
and they must be at the zygote stage at the time
of distribution (fertilized eggs) [20]. Embryos
distributed, 10-15 pieces each, on prepared Petri
dishes with a diameter of 90 mm that already
contain solutions of the test substances in various
concentrations. Every 12 hours, changes were
observed. To compare, a portion of the eggs in the
control filtered water were distributed. A Leica
DMLB?2 stereomicroscope and Micros MC20, were
used to record and photograph each developmental
change. The embryos’ transparent chorion and the
fry’s transparent shell allow for observation of their
development even after 72 hours.

Figure 1 shows photographs of Danio rerio em-
bryos fixed at different stages of development, from
an unfertilized egg to a hatched embryo at the 96-
hour development stage.
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Figure 1 — Danio rerio fish embryogenesis at various stages berfore 96 hpf development

Method for preparation different concentrations
of calcium nitrate and sodium nitrite solutions

Ca(NO,),, also known as calcium saltpeter
or calcium nitrate, is classified as dangerous to
living organisms in the third class. The OECD
recommended a maximum allowable concentration
of 40 mg/dm® for them. Aqueous solutions of
varying concentrations were prepared in accordance
with the ecotoxicological protocol:

Control: pure filtered water

1 MPC: 40 (0.04) mg/dm’ of Ca(NO,),
10 MPC: 400 (0.4) mg/dm’® of Ca(NO,),
100 MPC: 4000 (4) mg/dm’* of Ca(NO,),

Calcium nitrate is used in the chemical industry,
the match industry, industrial explosive production,
and fertilizer production. It is used as a raw material
in the production of reagents, as an additive to
industrial concrete mixtures and mortars, and in the
preparation of brines in industrial refrigeration. The
amount of nitrates in Kazakhstan reservoirs exceeds
5.628 mg/dm’.

NaNO,, also known as the nitrite salt or sodium
nitrite, is a white to slightly yellowish crystalline
powder that is hygroscopic and readily soluble in
water. It is a precursor to many organic compounds,

including pharmaceuticals, dyes, and pesticides,
but it is most well-known as the E250 food additive
found in processed meats and fish products. Belongs
to the first class of extremely dangerous substances.
MPC of sodium nitrite is equal to 3.3 mg/dm?:

Control: filtered water

1 MPC: 3,3 (0,0033g) mg/dm’ of NaNO,
10 MPC: 33 (0,033g) mg/dm’ of NaNO,
100 MPC: 330 (0,33g) mg/dm’ of NaNO,

The amount of nitrates in Kazakhstan reservoirs
exceeds 0,342 mg/dm?.

Marginal propensities to consume (MPCs) are
established based on toxicological studies, risk
assessments for human health, and environmental
variables. Special experiments are carried out to
study the hazardous qualities of the chemical as well
as its influence on the human or animal body.

Based on the data acquired, safe levels of
exposure to the chemical that do not result in harmful
health effects are defined. MPCs can differ according
on the type of substance, the mode of exposure to the
body, the duration and frequency of exposure, and
other factors. They are established at the legislative
level and are used to control environmental and food
quality [21-23].
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Results of research and their discussion

Study the influence of calcium nitrate on the
development of Danio Rerio

Table 1 illustrates the results of a study on the
influence of calcium nitrates on the development of
Danio rerio where the mortality rate of embryos in
the control group is 3.3%, which is not higher than
the OECD mortality rate [24-25].

In the experimental group exposed to Ca(NO,),
at a concentration of 1 MPC, the lethality was 5.5%,
which exceeded the control by 1.6 times. When ex-
posed to Ca(NO,), at a concentration of 10 MPC,
embryonic mortality was 11.2%, which exceeded
the control values by 3.4 times. And when exposed
to a higher dose of 100 MPC, the mortality of em-
bryos was 32.6%, which is 9.9 times higher than the
control level.

Table 1 — The percentage of mortality of Danio rerio embryos in the control group (clean filtered water) and varied amounts of

calcium nitrate (Ca(NO,),) observed every 12 hours

Period, hpf Control 1 MPC 10 MPC 100 MPC

12 3.3% 3.3% 0% 4.4%
24 0% 2.2% 5.5% 0%

36 0% 0% 2.3% 5.8%
48 0% 0% 0% 6.9%
60 0% 0% 3.3% 6.6%
72 0% 0% 0% 8.9%

Total 3.3% 5.5% Mortality 11.2% Mortality 32.6% Mortality

Many variables and experimental groups were
employed throughout the experiment to assure the
experiment’s reliability and repeatability. The arith-
metic mean of mortality at 1, 10, and 100 MPC of
calcium nitrate solutions was computed.

There was a control group and two different ex-
perimental groups in the experiment. The control
group did not receive calcium nitrate, whereas the
other experimental groups did. Throughout the ex-
periment, many constants stayed constant. The time
and duration that each zebrafish was exposed to cal-
cium nitrate remained constant.

Study the influence of sodium nitrite on the
development of Danio Rerio

The results of the study of the effect of sodium
nitrites on the development of Danio rerio are shown
in Table 2. The mortality of embryos in the control
group is 3.3%, which does not exceed the mortality
rate according to OECD data.

In the experimental group of NaNO, at
a concentration of 1 MPC, the lethality of
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embryos was 5.5%, which is 1.6 times more
than in the control; under the influence of
NaNO, concentration of 10 MPC, the mortality
of embryos was 14.8%, which is 4.4 times more
than in the control. Moreover, exposure to a
higher dose of 100 MPC resulted in a death rate
of 42.5%, which is 12.8 times higher than in the
control.

When compared to the previous table, the data
clearly show that zebrafish exposed to sodium nitrite
had a higher rate of mortality and physical defor-
mities; however, both experimental groups experi-
enced similar mortality rates, and embryos exposed
to 100 MPC sodium nitrite had a much higher mor-
tality rate. Embryos exposed to MPC 1 and 10 also
hatched earlier than those that were not. These find-
ings suggest that sodium nitrite contributed to ab-
errant embryonic development and inappropriate
growth timing. These variables could have led to
the failure of poorly developed organs, resulting in
a greater death rate in embryos exposed to sodium
nitrite.
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72 hpf
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Figure 2 — Danio rerio embryos in a 12, 24, 48, 72, 96-hour developmental study at different concentrations of calcium nitrate.
12 hpf (A) — embryo in the control group, 12 hpf (B) — embryo at 1 MPC, 12 hpf (C) — embryo in the group with 10 MPC, start of
protein coagulation, 12 hpf (D) — embryo at 100 MPC, complete coagulation and death of the embryo. 24 hpf (A) — embryo with

normal development, 24 hpf (B) — embryo at 1 MPC solution, 24 hpf (C) — embryo at 10 MPC with yolk sac edema, 24 hpf (D)
— dead embryo at 100 MPC. 48 hpf (A) — embryo in the control group with normal development, 48 hpf (B) — embryo at 1 MPC
of calcium nitrate solution, 48 hpf (C) — embryo in the control group 10 MPC with developmental delay,48 hpf (D) — Danio rerio
embryo at 100 MPC with yolk sac edema. 72 hpf (A) — control group at the hatching stage, 72 hpf (B) — group in 1 MPC solution,
72 hpt (C) — group with 10 MPC, the embryo with a developmental defect could not leave the chorion, 72 hpf (D) — group in 100

MPC solution completely coagulated. 96 hpf (A) — embryo in the control group with normal development, 96 hpf (B) — embryo

at a concentration of 1 MPC with developmental delay, 96 hpf (C) — Danio rerio embryo in the group with 10 MPC, scoliosis is
observed (indicated by an arrow), body asymmetry is indicated by a dashed line along the spine, 96 hpf (D) — Danio rerio embryo

at 100 maximum concentration limit with observed lordosis.

Table 2 — The percentage of mortality of Danio rerio embryos in the control group (clean filtered water) and varied sodium nitrite
(NaNO,) concentrations observed every 12 hours

Period, hpf Control 1 MPC 10 MPC 100 MPC

12 3.3% 5.5% 0% 6.7%

24 0% 0% 3.3% 8.9%

36 0% 0% 0% 0%

48 0% 0% 9.2% 4.7%

60 0% 0% 2.3% 13.9%
72 0% 0% 0% 8.3%

Total 3.3% 5.5% Mortality 14.8% Mortality 42.5% Mortality
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12 hpf

24 hpf

48 hpf

72 hpf

96 hpf

Figure 3 — Development of Danio rerio embryos after 12 hours, where A is the control group, B is the experimental group with
I MPC NaNO,, C is the group with 10 MPC NaNO, the absence of somites is clearly visible, and D is the experimental group
with 100 MPC NaNO,, where the embryo perished due to coagulation. 24 hpf (A) represents normal development in the control
group, 24 hpf (B) represents a group with 1 MPC NaNO, — yolk sac edema (marked by an arrow), 24 hpf (C) represents a group
with 10 MPC NaNO, where yolk sac edema is visible (marked by an arrow), 24 hpf (D) represents an experimental group with
100 MPC NaNO, — developmental delay, abnormal somite division, the tail is not separated from the bodies. 48 hpf (A) represents
normal development in the control group, 48 (B) represents 1 MPC NaNO,, 48 (C) represents 10 MPC NaNO,, and 48 (D)
represents the experimental group with 100 MPC NaNO,. MPC is the turbid content of the chorion (indicated by an arrow), the
start of coagulation. 72 hpf (A) — a control group in which the embryo simply exits the shell (shown by an arrow). 72 hpf (B) —
experimental group with 1 MPC of NaNO,, there is pericardial edema and one eye is absent (shown by an arrow). 72 hpf (C) — 10
MPC NaNO, group, pericardial edema and yolk sac distortion (shown by an arrow), 72 hpf — 100 MPC group of NaNO,, body
curvature, tail deformity (indicated by an arrow), developmental delay. 96 hpf (A) — control group, 96 hpf (B) — experimental
group 1 MPC of NaNO,, immobile embryo, short fins (shown by an arrow), 96 hpf (C) — group of 10 MPC of NaNO,, curvature
of the body and tail, 96 hpf (D) — 100 MPC of NaNO,, body asymmetry, fin length difference, enlargement of the eye, oral cavity
malformations (marked by an arrow).

The arithmetic mean survival rates of zebrafish
embryos in varied MPCs of calcium nitrate and
sodium nitrite relative to the control are shown in
Tables 3 and 4, with significant differences between
control samples and solutions noted. The data were
reported as a standard deviation, and p<0.05 was
utilized as the statistical significance level.

Table 3 compares the survival of Danio rerio
embryos at various calcium nitrate concentrations
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to the control. The asterisks denote arithmetic
means that differ significantly from the control
group.

Table 4 compares the survival of Danio rerio
embryos at various sodium nitrite concentrations
to the control. The Student T-test method was em-
ployed to examine the significance of the differ-
ences between the control and experimental average
groups.
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Table 3 — Means of survival rate Danio rerio embryos at 12 hpf in different calcium nitrate MPCs in comparison with the control

Control 1 MPC 10 MPC 100 MPC
12 hpf 10.0+0.00 9.6+0.13 10.0+0.00 9.3+0.27
24 hpf 9.6+0.13 9.3+0.13 9.6+0.13 9.0+0.23*
36 hpf 9.6+0.13 9.3+0.13 9.3+0.27 9.0+0.23*
48 hpf 9.6+0.13 9.3+0.13 9.0+0.23* 8.3+0.36*
60 hpf 9.6+0.13 9.3+0.13 8.6+0.13* 7.0£0.40%*
72 hpf 9.6+0.13 9.3+0.13 8.6+0.13* 6.0+0.23*

Note: *p<0.05, n=18 for each groups

Table 4 — Means of survival rate Danio rerio embryos in different sodium nitrite MPCs in comparison with the control

Control 1 MPC 10 MPC 100 MPC
12 hpf 10.0+0.00 9.3+0.13 10.0+0.00 9.3+0.27
24 hpf 9.6+0.13 9.3+0.13 9.6+0.13 8.3+0.13*
36 hpf 9.6+0.13 9.3+0.13 9.6+0.13 8.3+0.13*
48 hpf 9.6+0.13 8.6+0.13* 8.6+0.13* 8.6+0.13*
60 hpf 9.6+0.13 8.6+0.13* 8.3+0.13* 6.3+0.36*
72 hpf 9.6+0.13 8.6+0.13* 8.3+0.13* 5.6+0.13*

Note: *p<0.05. n=18 for each groups

The findings of this experiment are similar with
previous studies in which zebrafish were exposed
to nitrate or nitrite. Scientists discovered that
exposing zebrafish embryos to nitrates and nitrites
causes them to have aberrant developmental traits
[26].

The data in photographs 2 and 3 show that
embryos exposed to nitrates and nitrites are at risk
of physical deformities such as curvature of the
embryo’s vertebral column, and the data in tables 3
and 4 show that the higher the concentration of the
test substance, the greater the mortality. Embryos
exposed to calcium nitrates and sodium nitrites
hatched with bent dorsal canals, demonstrating
that nitrates and nitrites caused the fish to develop
improperly and the bone structure to develop
differently than expected.

Conclusion

The investigation of the effects of calcium
nitrates and sodium nitrites on the embryogenesis
of the Danio rerio fish resulted in hypotheses. The
embryotoxic and teratogenic effects of calcium

nitrate and sodium nitrite were established based
on the findings. Calcium nitrate and sodium nitrite
at concentrations of 1, 10, and 100 MPC have been
provento cause dose-dependentembryonic mortality.
Furthermore, calcium nitrates and sodium nitrites
have been shown to impair the proper growth of fish
in the following ways. Increased exposure to these
toxins causes developmental defects such as yolk sac
and pericardium swelling, spinal canal curvature,
body asymmetry, immobility, eye edema and mouth
malformations. Data comparison demonstrates that
sodium nitrite is more embryotoxic and teratogenic
than calcium nitrate. Thus, Danio rerio embryos,
larvae, and mature species can be utilized as test
items for bioindication of water pollution. The
embryotoxic and teratogenic effects of calcium
nitrate and sodium nitrite were established based on
the results.
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