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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 ZnSO4, 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 cm³ 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). 

T a b l e  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 

А, % 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. 

T a b l e  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 2 3 

3 4 2 2 2 

4 4 1 5 2 

5 4 2 3 2 

Total 20 11 14 11 

А, % 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 %. 

T a b l e  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 

А, % 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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T a b l e  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 

А, % 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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А.Т. Серікбай, А.М. Айткулов, А.К. Зейниденов, З. Т.Кыстаубаева 

Мырыш пен мырыш оксидінің макробөлшектері мен нанобөлшектерінің  

Artemia salina үлгісінде уыттылығын бағалау 

Мақала мырыш пен мырыш оксидінің макробөлшектерінің (МБ) жəне нанобөлшектерінің (НБ) 
жануарларға əсерін зерттеуге арналған. Су экожүйелерінің фаунасы үшін ластаушы заттардың 
уыттылық деңгейін бағалау зертханалық тəжірибеде жүргізілді, онда зерттелетін тест-объектіcі — шаян 
тəрізділерінің дернəсілдері Artemia salina мырыш (Zn) жəне мырыш оксидінің (ZnO) бөлшектерінің 
əсеріне ұшырады. Су бөлшектерінің мөлшері 100 мл-де 5, 10, 20 мг болды. Зерттеу нəтижелері 
зерттелген концентрациялардағы мырыш пен мырыш оксидінің нанобөлшектері 48 сағаттық тəжірибе 
кезеңінде елеусіз уыттылық дəрежесін көрсетті. Мырыштың макробөлшектері Artemia salina 

жұмыртқалары мен дернəсілдері үшін салыстырмалы түрде жоғарырақ улы қасиетке ие. 

Кілт сөздер: макробөлшектер, нанобөлшектер, мырыш, мырыш оксиді, Artemia salina, су экожүйелері. 
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Оценка токсичности макрочастиц и наночастиц цинка и оксида цинка  

на модели Artemia salina 

Статья посвящена исследованию влияния макрочастиц и наночастиц цинка и оксида цинка на живот-
ных. Оценку уровня токсичности поллютантов для фауны водных экосистем проводили в условиях ла-
бораторного эксперимента, где тест-объекты — личинки рачков Artemia salina подвергались воздей-
ствию частиц цинка и оксида цинка. Содержание частиц в воде составляло 5, 10, 20 мг на 100 мл. 
Результаты исследования свидетельствуют, что наночастицы цинка и оксида цинка в изученных кон-
центрациях проявляют незначительную степень токсичности в течение 48 ч эксперимента. Автрорами 
сделан вывод, что макрочастицы этих веществ обладают более высокими токсичными свойствами для 
яиц и личинок  Artemia salina. 

Ключевые слова: макрочастицы, наночастицы, цинк, оксид цинка, Artemia salina, водные экосистемы. 
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