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Evaluation of macroparticles and nanoparticles of zinc and zinc oxide’s toxicity
based on the Artemia salina model

This article is devoted to the study of the effect of macroparticles and nanoparticles of zinc and zinc oxide on
animals. The toxicity of pollutants to the fauna of aquatic ecosystems was assessed in course of a laboratory
experiment. The test objects, the larvae of crustaceans of Artemia salina, were exposed to the particles of zinc
(Zn) and zinc oxide (ZnO). The particle content in the water was 5 mg, 10 mg, 20 mg per 100 ml. The obtained
results of the research indicate that the zinc and zinc oxide nanoparticles in the studied concentrations show a
slight degree of toxicity during the 48-hour experiment period. The macroparticles of these substances have
higher toxic properties for eggs and larvae of Artemia salina.
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Introduction

In recent years, intensive work has been done worldwide to obtain and apply nanoscale materials in var-
ious branches of science, industry, and agriculture. Numerous works indicate that nanoparticles also exhibit a
biological effect in addition to the required physical and chemical properties. This effect can be both positive
and negative for the biological system. In this regard, the problem of assessing the impact of nanoparticles on
the environment is of vital importance.

The results of the studies related to the possible effects of nanoparticles on the body of animals and the
mechanism of their biological action do not have an unambiguous interpretation and often demonstrate con-
tradictory results. The importance of specialized studies of the biological properties of nanoparticles and ma-
terials is explained by the fact that the physical, chemical, and biological properties of most substances change
during the transition from macro- to the nanoscale, and the nanomaterials can cause a completely different,
sometimes opposite effect when contacted and penetrated biological structures. In addition, nanomaterials are
characterized by high bioavailability: they easily penetrate through any biological barriers and are impermea-
ble to particles of microscopic size. The studies conducted using various types of biological systems (cells,
bacteria, and living organisms) show that nanoparticles can have an eco-toxicological effect. These features
are important for assessing and predicting the biological and environmental safety of nanoscale materials [1].

The nanoparticles of biophilic elements, namely zinc, are of particular interest. L.V. Zhong in his study
[2] noted that nanoparticles of ZnO have a large number of nanostructured variants, which might explain the
fact that the influence of these nanoparticles on animal organisms causes both positive and negative effects.

The positive effect of zinc nanoparticles and their compounds on various organisms was especially widely
published in biomedical studies. In many works, it has been proved that the use of pure suspensions of zinc
nanoparticles, as well as in combination with chitosan, activates the processes of regeneration of mammalian
skin wounds [3, 4]. Another research of the above-mentioned authors demonstrated the antibacterial effect of
zinc nanoparticles on the strains of staphylococcus. The positive effect of ZnO nanoparticles is found not only
in mammals but also in birds, which is associated with an improvement in the physiological parameters of the
intestinal barrier and biochemical characteristics of antioxidant protection [3-5].

However, these substances can have a toxic effect in higher doses. There are numerous studies describing
the negative effect of zinc nanoparticles on various organisms. For example, in the works of I.I. Tomilin, nano-
and micro-particles and zinc ions have a toxic effect on freshwater hydrobionts of different trophic levels: cerio-
daphnia branched crustaceans (Ceriodaphnia affinis), larvae of dipteran chironomids (Chironomus riparius)
and aquarium fish (Brachydanio rerio). Zhao et al. (2016) and Chun et al. (2017) observed some negative
effects of nanoparticles and demonstrate that as the concentration of nanoparticles in water bodies increases,
the rate of development of embryos and the hatching rates of Danio fish decreases [6, 7]. Choi et al. (2016)
showed that the cause of this may be a violation of the gene expression of the Danio fish embryos. It is also
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shown that, unlike ZnSOs, ZnO nanoparticles caused inflammatory processes of the pericardium, tail and yolk
sac and disruption of the immune system. Other species of fish, in particular carps, also respond by reducing
innate and adaptive immunity to feeding ZnO nanoparticles [8—10].

Zinc nanoparticles have the properties of high bioavailability for animal organisms, which is demon-
strated in the work of R.V. Raspopov [11], where the distribution of zinc nanoparticles by organs and tissues
was revealed by the method of radioactive tracers.

In addition, nanoparticles, in particular, zinc oxide ones, are steadily accumulated in the body of animals.
It is shown that the presence of ZnO nanoparticles in water resulted in accumulation in the gills and intestines
of fish (a rain trout) even after cleaning the medium, which caused oxidative stress in the gills and disruption
of liver antioxidant protection mechanisms even in case of quick removal of the pollutant from that medium.
Apart from the liver and gills, when nanoparticles are found in water, their accumulation is established in other
organs of animals. Zn was observed to be accumulated in the brain, liver and muscles, which led to disruption
of normal metabolic functioning of the liver. Some authors mentioned that the ZnO nanoparticles remain stable
at the high pH values, but when the pH drops, Zn ions began to be generated. In the study of Du et al. (2016)
dedicated to the study of the response of Danio embryos to the exposure of nanoparticles, more damage was
recorded during the growth and development of larvae, in which both chemicals were present compared to the
system exposed to two separate agents [12, 13].

Similar results were obtained in the experiments conducted with other species of fish. The effects of
different concentrations, small (10-30 nm) and large (100 nm) ZnO nanoparticles, on tilapia as (Oreochromis
niloticus) caused a significant accumulation of both small and large ZnO nanoparticles in the tissues of the
liver, gills, intestines, kidneys, brain and muscles, which led to a violation of oxidative metabolism. The fact
that, under the same exposure conditions, the accumulation of small ZnO nanoparticles was significantly
higher compared to the larger nanoparticles of this substance is of particular importance [14].

The problem of the multidirectional manifestation of zinc oxide nanoparticles’ impact was well-described
in the works of D.R. Vishnu et al. [15]. In the comparative experiments on rodents and fish, the importance of
studying the toxicity of nanoparticles of this compound is proved with similar conclusions reached by Chen et
al. [16]. These studies emphasized the need to study the toxic effects of ZnO nanoparticles on terrestrial and
aquatic animals. This results in the need to reduce the number of nanoparticles in animal diets and to revise
the concentrations of these pollutants in natural environments, especially in the presence of over one pollutant,
which can lead to the manifestation of synergetic toxicity. The possibility of synergy is associated with the
high reactivity of nanoparticles and their ability to easily form complexes with other substances.

It was noted that in Kazakhstan there were several publications devoted to the disclosure of the physical
and chemical properties of nanoparticles, but the study of their biological effect and toxicity for living organ-
isms has not previously been done.

Thus, the study of the effects of metal nanoparticles on biological objects, including hydrobionts, re-
mained an interesting and practically significant task. The effect of concentrations of macro- and nanoparticles
of zinc and zinc oxide on the Artemia salina nauplii were studied in this research in an aqueous saline solution.

Experimental

The suspensions of zinc and zinc oxide particles of different concentrations (5, 10, 20 mg per 100 ml of
water) were used in the experiment. The particle size was 80—100 nm (nanoparticles) and 500—1000 nm (mac-
roparticles). As the test objects, the Artemia salina crustacean, lived in salty reservoirs, were used in the ex-
periment. The dry eggs of Artemia salina (12 g of eggs per 500 cm? of water) were poured with settled tap
water at the required concentration of NaCl. Under favorable conditions, Artemia salina nauplii hatched from
eggs through 1-2 days. For the experiment, the hatched nauplii, 4 individuals each, were placed in 30 ml glass
cups in a saline solution with different concentrations of zinc or zinc oxide macroparticles and nanoparticles.
The experiment was conducted with 5-fold repetition with 20 individuals in each experimental and control
group [17]. The duration of exposure to the pollutants was 48 hours long. After 48 hours, the alive and dead
individuals were counted and compared against the indicators of the control group.

Results and Discussion

The study of the effect of macroparticles on the hatching of crustaceans indicates that the presence of zinc
and zinc oxide macroparticles in the aquatic medium leads to a decrease in the percentage of hatched Artemia
salina eggs.
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The content of Zn macroparticles at the concentration of 20 mg /100 ml led to a maximum reduction in
hatches by 55 % compared to the control group (Tab. 1).

Table 1

Percentage of Artemia salina nauplii hatched after exposure to zinc macroparticles

Sample Control 5 mg/100 ml 10 mg/100 ml | 20 mg/100 ml

1 4 2 2
2 4 3 3 1
3 4 1 1 3
4 4 3 3 3
5 4 2 2 2

Total 20 11 11 9

A, % 100 55 55 45

The presence of ZnO macroparticles in the medium also led to a decrease in the hatched crustaceans, but
to a lesser extent compared to the zinc macroparticles (Tab. 2). The maximum decrease in hatching percentage
was observed at the concentrations of 5 and 20 mg per 100 ml. In other experimental groups exposed to the
smaller and higher concentrations of the substance, a significant decrease of larval density by 45 % was also
observed.

Table 2

Percentage of Artemia salina larvae hatched after exposure to zinc oxide macroparticles

Sample Control 5 mg /100 ml 10 mg /100 ml | 20 mg /100 ml
1 4 3 2 2
2 4 3 3
3 4 2 2 2
4 4 1 5 2
5 4 2 3 2
Total 20 11 14 11
A, % 100 55 70 55

Nanoparticles of zinc in most of the studied concentrations illustrated the same survival rate of crustacean
larvae for both control and experimental groups with no toxic properties (Tab. 3). The exception was the max-
imum concentration of zinc nanoparticles in the medium of 20 mg per 100 ml, which caused a decrease in egg
pecking by 10 %.

Table 3

Percentage of Artemia salina larvae hatched when exposed to zinc nanoparticles

Sample Control 5 mg /100 ml 10 mg /100 ml | 20 mg /100 ml
1 4 4 4 4
2 4 4 4 4
3 4 4 4 2
4 4 4 4 4
5 4 4 4 4
Total 20 20 20 18
A, % 100 100 100 90

After studying the effects of zinc oxide nanoparticles, it was noted that only the lowest concentration of
these particles (5 mg/100 ml) demonstrated some toxic effect. The higher concentrations of the substance
caused the same hatching of larvae showing absent of toxicity (Tab. 4).
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Table 4

Percentage of Artemia salina larvae hatched when exposed to zinc oxide nanoparticles

Sample Control 5 mg /100 ml 10 mg /100 ml | 20 mg /100 ml

1 4 2 4 4
2 4 4 4 4
3 4 4 4 4
4 4 4 4 4
5 4 4 4 4

Total 20 18 20 20

A, % 100 90 100 100

Based on the study, it can be stated that zinc and zinc oxide nanoparticles in the studied concentrations
demonstrated a slight degree of toxicity during the experiment period of 48 hours. The macroparticles of these
substances have higher toxic properties for eggs and larvae of Artemia salina.

Conclusions

The effect of metal particles on the representatives of the aquatic fauna of the invertebrate Artemia salina
depends not only on the chemical composition of the agents, their concentration in the medium but also on the
size of the active particles. Macro- and nanoparticles of zinc and zinc oxide show a different level of toxicity.
A large toxic effect on Artemia salina eggs is posed by the zinc macroparticles. A smaller but significant level
of toxic reaction on the crustacean eggs was caused by zinc oxide macroparticles. Nanoparticles of zinc and
zinc oxide exhibit negligible toxicity.

Based on the study, it is assumed that the effect of these toxicants may vary depending on the duration of
the experiment and the stage of development of the crustacean. In this regard, it is planned to continue research
in order to obtain the data of how both macro-and nanoparticles of zinc and its oxide may affect the later stages
of development of Artemia salina.
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MBIpbIlI IeH MBIPBII OKCHAIHIH MAKPOOOJIIIeKTepi MeH HaHO0O/IIIeKTePiHIH
Artemia salina yaricinae ybITTbUIBIFBIH Oarajiay

Makasia MBIPBIII TI€H MBIPBII OKCUAIHIH Makpobemmektepiniy (MB) sxone nanoGemmektepinin (HB)
JKaHyapiapra ocepiH 3eprreyre apHamrad. Cy dKoKyiienepiHiH QayHachl YIIIH JacTaylibl 3aTTapblH
YBITTBUTBIK ICHTeHiH Oaranay 3epTXaHAIBIK TOKIpHOe e KYpri3iii, OHIa 3epTTENETIH TeCT-00bEKTICI — MIastH
TOpI3AiNepiHiH IepHacinnepi Artemia salina MBIpBII (Zn) >KoHE MBIPHII OKCHIIHIH (ZnO) GemeKTepiHiy
acepine ymepansl. Cy OGemmexrepinin memmepi 100 mu-ge 5, 10, 20 Mr Oonmsl. 3epTrey HOTIKenepi
3epTTeNreH KOHIEHTpalUsIapAaFrbl MBIPBIII TIEH MBIPBILI OKCHIIHIH HaHOOeIeKTepi 48 caraTThIK TOKipude
KE3CHIH/Ie eNeyCi3 YBITTBUIBIK JOPEeKeciH KopceTTi. MBIPBIUTHIH Makpooeuiekrepi Artemia salina
JKYMBIPTKAJIapbl MEH ASPHACUICP] YIIIH CaIBICTEIPMAIIBI TYP/IE XKOFAPBIPAK YIIbl KACHETKE UE.

Kinm co30ep: makpobesnieKkTep, HaHOOOIIIIEKTEP, MBIPBILI, MBIPBILI OKCUI, Arfemia salina, cy SKoxylienepi.

A.T. Cepuko0aii, A.M. Alitkynos, A.K. 3eitanaenos, 3.T. Keicraybaesa

O1eHKa TOKCHYHOCTH MAKPOYACTHI] H HAHOYACTHUIl IIHHKA ¥ OKCH/IA IIHHKA
Ha MoaeJau Artemia salina

Cratbs MOCBSIIEHA UCCIIEOBAHUIO BIMSHUS MAaKpOUYaCTHUIl M HAHOYACTHI] IIMHKA U OKCHUJIA LIMHKA HA JKUBOT-
HbIX. OIIEHKY YPOBHS TOKCHYHOCTH IMOJUTFOTAHTOB JIJIs (payHBI BOJHBIX 3KOCHCTEM MTPOBOIMIIH B YCIOBHSX J1a-
0OpaTOPHOTO HKCIIEPUMEHTA, IJIe TeCT-00BEKThl — JIMYNHKH PAYKOB Artemia salina MOIBEPTraInch BO3ICH-
CTBUIO YacTULl LIMHKA U okcuja nuHka. Coxepikanue yactul] B Boje cocrasisuio 5, 10, 20 mr na 100 mu.
PesynbTaThl nccnenoBaHus CBHICTEIbCTBYIOT, YTO HAHOYACTHUIIBI IIMHKA U OKCHJA IIMHKA B U3yYEHHBIX KOH-
LEHTPALUIX NPOABISIOT HE3HAYUTENBHYIO CTETIEHh TOKCUYHOCTH B TeUeHUe 48 4 sKcrepuMeHTa. ABTpopaMu
CZIeNaH BBIBOJI, YTO MaKpOUYaCTHUIIbI 3THX BEUIECTB 00a1al0T 0ojiee BEICOKUMHU TOKCHYHBIMH CBOWCTBAMU IS
SIAL] M TWYUHOK Artemia salina.

Knouesvie cnosa: MakpoO4acTHIIbI, HAHOYACTHIIBL, IIMHK, OKCH]T IINHKA, Artemia salina, BOTHBIE SKOCUCTEMBI.
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