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 Background: With the advancement of nanotechnology and comprehensive use of 

nanostructures in the industry, the nano-size particles were also added to the industrial 
effluents. Zooplanktons which are one of the early levels of the food chain after 

phytoplanktons are severely at risk of exposure and biological access from 

nanoparticles. Objective: Tin dioxide nanoparticles or nano tin oxide (SnO2) are used 
in manufacturing industries of fuel and solar cells. Daphnia magna is a small 

freshwater hard-shell that has a large population in freshwater pools and ponds 

especially in cold seasons. This study has been based on the OECD (202) method and 
according to this method the study on toxicity of tin dioxide nanoparticle on Daphnia 

magna was conducted within 96 hours with considering and applying 5 concentrations 

treatment and three replicates for each concentration. Results: The treatments results 
compared to the control. Amount of LC50 for Daphnia magna was obtained 2.15 mg L-

1 in 96 hours by Probit statistical analysis. Conclusion: Since the algae are as daphnia 

foods and daphnia are fish foods and fish are human foods, the health guarantee of 
basic levels of the food chain is essential. According to the results, tin dioxide 

nanoparticle has lower toxicity on Daphnia magna than other nanoparticles. 
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INTRODUCTION 

 

 Nanotoxicology is one of the newest branches of toxicology which study and investigate the toxicity 

potential of fine materials and particles. Break down of solid material into fine particles results in shrinking the 

particles and adding to their overall surface that this can indicate the emerging properties of these materials. 

Nanoparticles of tin dioxide can act as photocatalyst in destruction of dyes pigments. These nanoparticles can be 

also used in the decontamination of water contaminated with dye in wastewaters from textile factories. 

Crustaceans such as Daphnia magna are considered as valuable food sources for fish and have known as a 

standard laboratory organism for ecotoxicology experiments. Daphnia magna is found in fresh and salty water 

(higher than 5 ppt) such as lakes, rivers and temporary pools. Preferred temperature for Daphnia magna is 

between 18 to 24 °C, but it can tolerate higher temperature than this [4]. Related to similar conducted studies on 

the effects of other nanoparticles on Daphnia magna, it can be pointed to Momeni et al survey conducted in 

2012, in which the effects of zinc oxide nanoparticles dependent on dye blue 29 were investigated on the growth 

of Daphnia magna and the results obtained in this way that this nanoparticle is highly toxic to daphnia, so that 

the amount of zinc oxide without contact with blue 29 was 2.6 mg L
-1

 and this amount for zinc oxide exposed to 

blue 29 was 8/1 mg L
-1

 [10]. 

  Also in 2012, Poordejlo et al investigated the acute toxicity of silicon oxide nanoparticle on Daphnia 

magna and concluded that the amount of LC50 in 96 hours is 73/1 mg L
-1

 [11]. The toxicity effect of zinc in ion 

and nano mode has been also investigated by Lopez et al [7]. The toxicity of zinc oxide, titanium, aluminum and 

carbon-60 nanoparticles was also examined on Daphnia magna by Xiaoshan et al and the results showed that 

carbon (fullerene), aluminum dioxide and titanium dioxide, in nano mode are more toxic than their bulk mode 

[16]. Wiench et al investigated on the acute and chronic toxicity of bulk ZnO and TiO2 on mobility and 

reproduction in Daphnia magna [15]. Tae lee and Ranvile evaluated the effect of hardness on the stability of 

citrate-stabilized gold nanoparticles and their uptake by Daphnia magna (14) Gambardella at al. examined 

mortality, behavioral and biochemical responses in Artemia salina larvae after exposure to SnO2, CeO and iron 

oxide (III) metal oxide nanoparticles [5]. 
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 Due to the growing use of nanoparticles and their entry to industrial and non-industrial wastewater and 

possibility to enter the natural water resources, it is necessary to investigate the possible toxic effects of these 

substances in the aquatic environment [17]. Undoubtedly, during the production and use process, the wastes 

resulting from the use of SnO2 nanoparticle which are as wastes in wastewater plants and industries and 

considering that during the conducted studies, the majority of nanoparticles have irreparably risks to aquatic 

organisms, especially in the early levels of food chain, the research was conducted on the toxicity of tin dioxide 

nanoparticle to a suitable living organism, Daphnia magna, that has high sensitivity and is considered to be an 

indicator.  

MATERIALS AND METHODS 

Synthesis of SnO2: 

 We mixed 2.94 g of SnCl4.5H2O in 50 ml of distilled water and shaked it for 20 minutes on a magnetic 

stirrer. Then, we added ammonia 25% little by little to reach pH=10. Then again, we put it on a magnetic stirrer 

for 2 hours and let it to remain at room temperature for 24 hours. After 24 hours, we washed the sample with 

ethanol to reach pH=7, and then we put the sample for 24 hours in oven with 80 °C. After 24 h, we powdered it 

in a mortar and put it in furnace at 400°C for 2 hours. 

 

Daphnia exposure: 

 Tin dioxide nanoparticles with a size of 40 nm were prepared by the chemistry department of Islamic Azad 

University, Lahijan branch. In this experiment, methodology and implementing the steps were performed 

according to OECD method. A plastic tank was used for the cultivation of daphnia and the optimal experimental 

conditions such as pH = 7-8, optimum temperature between 18 and 24 ° C and 12 hours light and darkness, and 

mild oxygenation during the period, were kept constant by the thermostat and test aerator pump tubes, 

respectively. According to this method, Daphnia magna neonates were tested 24 h after birth, and 10 daphnia 

neonates were placed in each beaker. Daphnia magna were kept in beaker during the experiment, and then the 

initial test (range detection) were performed to determine the original concentrations with 5 concentration 

treatments and three replicates at each concentration. Based on the range detection' test results, logarithmic 

concentration of 0.01, 0.08, 5, 10 and 50 mg L
-1

  were made in beakers using tin nanoparticle Stock. 10 neonates 

of 24-hour Daphnia magna were placed in each beaker, hereto they exposed to various concentrations of tin 

dioxide nanoparticle and at the end of 24 hours, the number of mortalities was counted. Daphnia were not fed 

during the experiment. Finally by considering the mortality rate compared to control and determining the Probit 

number from the table of  Probit value, regression curve was plotted for each 24 hours and by using line 

equation obtained from the curve, the LC10, LC50, LC90 values were calculated for each 24 hours. 

 

Results: 

 Figure (1) shows average mortality of daphnia at different times and concentrations. Concentration of 0.66 

mg L
-1

 is considered as the most lethal concentrations for daphnia which however this mortality is also observed 

at concentrations of 5 and 50 mg L
-1

. But in the lowest concentrations like 0.01 and 0.08 mg L
-1

, at 24 and 48 

initial hours, the mortality is greater than 72 and 96 hours which may be due to daphnia adaption to lower 

concentrations over time.  

 

 
 

Fig. 1: Mortality of Daphnia magna exposed to nano tin dioxide (average of three replicates). 
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 According to X coefficient in Table (1) at 72 and 96 hours, the slope of the curve has the highest value that 

indicates greater mortality.  
 
Table 1: Regression curve of tin dioxide nanoparticle exposure on Daphnia magna. 

 24 Hours 48 Hours 72 Hours 96 Hours 

Equation of Line Y=0.339X+4.919 
 

Y=0.390X+5.301 Y=0.447X+4.713 Y=0.424X+4.859 

R2 0.930 0.949 0.832 0.805 

 

 Also, according to X coefficient in Table (2) 96-hour LC50 was calculated as 15/2 mg L
-1

. 
 

Table 2: The fatal dose of tin dioxide nanoparticle on Daphnia magna. 

time         value 24 Hours 48 Hours 72 Hours 96 Hours 

LC10 2.87×10-4 4.31×10-4 5.95×10-1 2.04×10-1 

LC50 1.7 4.3 0.8 2.1 

LC90 10458.5 1109.4 3229.7 2265.6 

 

 
 

Fig. 2: The image of Daphnia magna after 21 days exposure to tin dioxide nanoparticle. 

 

 
 

Fig. 3: The image of Daphnia magna after 21 days not exposed to nanoparticles. 

 

 According to Figure 2, after 21 days Daphnia magna exposure to tin dioxide nanoparticle, no apparent 

change was observed in comparison to control daphnia. 
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Discussion: 

 So far, according to conducted studies, the effect of zinc oxide, silica and titanium dioxide nanoparticles on 

D.magna has been tested and their toxicity has been proven at different concentrations [13,12,6]. In the present 

study, the value of 96-hour LC50 for Daphnia magna exposed to nano tin dioxide was obtained 2.15 mg L
-1

. 

Momeni et al. stated that  Daphnia magna exposed to zinc oxide in contact with blue 29, 24h and 48hLC50 were 

calculated 2.6 and 1.9 mg L
-1

, respectively [10]. Also compared to this study, it can be mentioned to a study 

conducted by Zhu et al in 2009, which according to its results, EC50 for daphnia mortality was obtained 1.511 

and 162.392 mg L
-1

 after exposure to zinc oxide and aluminum oxide, respectively [20]. Also in this experiment, 

it was found that carbon nano-materials have more toxic effect on daphnia than their equivalent volume [20,3]. 

In a study concerning the toxicity of titanium dioxide nanoparticle on Daphnia magna, the researchers 

concluded that this nanoparticle affects the energy transfer in the food web [2]. In another study conducted by 

Asghari et al, observations indicated that silver nanoparticle has accumulation effect in Daphnia magna body 

and prevents normal swimming of daphnia [1]. Daphnia magna also as a crustacean along with Artemia salina 

and Gammarids were exposed to the TiO2 nanoparticle which nanoparticle accumulate in colon and stomach 

parts and spreading to other parts of the body were observed [4]. According to a study, effect of zinc, in ion 

mode (bulk) and nanoparticle on Daphnia magna was investigated, and based on the results, 48 h LC50 for zinc 

in ion and nanoparticle mode were obtained 0.76 mg L
-1

 and 1.32 mg L
-1

, respectively [7] which compared to 

the present study, this amount (0.83 mg L
-1

) is calculated in 48 hours. Xiaoshan et al studied acute toxicity of 

aluminum oxide, titanium oxide, carbon 60 and zinc oxide on Daphnia magna and concluded that 48hEC50 is 

0.622 mg L
-1

 for zinc oxide nanoparticle and 114.35 mg L
-1

 for aluminum oxide. LC50 levels were obtained 

1.51 mg L
-1

 and 162.39 mg L
-1

, for zinc oxide and aluminum oxide, respectively. Mc Teer et al. reported 

decrease in phosphate cells due to the presence of Ag nano particle, and also the nutritional quality including 

fatty acid and availability of nutrition material reduced [9]. Also, in other experiment it was found that 

nanoparticles of titanium oxide and aluminum oxide, and carbon-60 have more toxicity than their bulk form 

[16].  Lovern et al. found an increase in mortality with an increase in concentration after filtered C60 and filtered 

TiO2 exposure in Daphnia magna, whereas fullerenes has higher levels of toxicity at lower  concentrations [8]. 

According to the conducted studies, the toxicity of different nanoparticles on Daphnia magna can be classified 

as: SiO2>SnO2; C60>ZnO>. Therefore, so far during the conducted research, titanium dioxide and tin dioxide 

have the lowest and carbon 60 (fullerene) has the highest toxicity rate on Daphnia magna.  

 

Conclusions: 

 Since the use cases of tin oxide are more limited than other nanoparticles, currently there is little to worry 

about in the terms of current use of this nanoparticle and disposal it to aquatic ecosystems. Since the algae are as 

daphnia foods and daphnia are fish foods and fish are human foods, the health guarantee of basic levels of the 

food chain is essential. According to the results, tin dioxide nanoparticle has lower toxicity on Daphnia magna 

than other nanoparticles. 
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