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ABSTRACT 

 

The aquatic toxicity of nanoparticles became carried out with gilli fish in water. The study was conducted with different 

dose rates of nanoparticles (Silica nanoparticles and ZnO nanorods) in water at ambient room temperature 25 ± 2°C for 

a period of four days. During this period the abnormal behavior and mortality were observed by visual examination. 

The toxicity of ZnO nanorods was in the range 0.5 to 5 µg/mL. Silica nanoparticles are greater than 100 µg/mL in 

water. During the study period the abnormal behaviors such as loss of equilibrium, pigmentation and lying down in the 

bottom of the aquaria were observed. From the study it was observed that the toxicity of ZnO nanorods more than 

Silica nanoparticles.  
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INTRODUCTION 

 

Nanotechnology is an interdisciplinary area of research involving chemistry and physics which is growing 

rapidly for the past one decade. Nanoparticles have taken a key role in developing new drugs and pharmaceuticals for 

their smart delivery in selected tissue and organism [1,2]. The widespread use of nanoparticles raised the eyebrows of 

many scientists to utilize their versatile applications in the field of aeronautics, agriculture [3,4] environmental and health 

science. The advantage of nanoparticles over other material is their smaller size and greater availability of surface area 

and lighter in weight [5,6,7]. Engineered nanoparticles are widely used in many fields due to their widespread 

applications and are expected to be release in the environment [8]. The release of nanoparticles in the environment is 

unknown and the release may create toxicity due to inhalation, ingestion and penetration [9]. The aquatic system might 

be the main part of environment in the contamination of many pollutants and transferring contaminants to food chain 

directly [10]. A toxicity study was performed with gilli fish to determine the toxicity levels of these synthesized 

nanoparticles.  

  

MATERIALS AND METHODS 

 

Tetraethylorthosilicate, zinc acetate AR Grade, triethanolamine, ammonia solution analytical grade, and formic 

acid analytical grade were purchased from the Merck India limited. Milli Q water was filtered by using the Milli-Q Plus 

apparatus (Millipore, Bedford, MA, USA). 

 

Preparation of Silica Nanoparticles 

Silica nanoparticles were synthesized following the method described by Stober et al, 1968. 

Tetraethylorthosilicate (0.1 ml) was dissolved in 10 ml of methanol and kept undisturbed at ~ 1°C for thirty minutes. 

To this solution 5 ml of 28% ammonium hydroxide solution was added drop wise. The contents were sonicated for 2 

hours in floating ice bath. While sonication, slow formation of white precipitate can be seen. The resulting white 

precipitate at the end of two hour sonication was washed several times with milli Q water followed by methanol to 

remove the excess of ammonium hydroxide. The precipitate thus purified was centrifuged using a cooling centrifuge at 

10°C and 7500 rpm. Collected the precipitate of silica nanoparticles by decanting the solvent and dried under nitrogen 

atmosphere in a desiccator. 

 

Preparation of zinc oxide nanorods  
The preparation of zinc oxide involves the ultrasonic irradiation of 50 mL of aqueous solution containing 0.05 

M of zinc acetate and 0.05 M of triethanolamine (TEA), at 80°C for two hours. The resulting precipitate was washed 

several times with de-ionized water followed by methanol, filtered and dried at 200°C in air for 2 hours and at 400°C 

for 6 hours. 
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Nanoparticle Toxicity on Fish  
Toxicity of the nanoparticles (Silica and Zinc oxide) to fish was studied using gilli fish of length 7 cm to 9 cm 

and weight 3 to 5 g were obtained from a commercial fish farm (Jai maakali fish farm pvt Ltd, Tanuku, 

Andhrapradesh). Before dosing, the test fishes were acclimatized for a period of 7 days in laboratory condition at 25 + 

2°C and for a period of 24 hours in aquarium with test water (5 L of well water + 5 L of soft water) in 12 hour light and 

12 hour dark without addition of nanoparticles. No mortality was observed during the quarantine period. Fish were fed 

standard commercial fish food (Servet Feeds & Minerals Private Limited, Jeedimetla, Hyderabad). The pH of the water 

used in the study was 6.4 to 6.6. During the period water was aerated continuously to maintain dissolved oxygen 

content. A stock suspension of nanoparticles was prepared in water (Dosing stock solution), sonicated for a period of 1 

hour to get the uniform distribution of agglomerated nanoparticles. The test item silica nanoparticles  and ZnO 

nanorods (each separately) nanoparticles of concentration levels 0.01, 0.1, 0.5, 5, 50 and 100 µg/mL were dosed in to 

the aquarium containing 10 L of water and stirred well. Five fish per aquarium were introduced immediately. The study 

was conducted for a period of four days. During the period, pH, temperature of water was analyzed daily. The abnormal 

behavior and mortality if any was also observed in predetermined interval viz., 3rd, 24th, 48th, 72nd, and 96th hour. 

During the experiment period the results of behavioral abnormalities is presented in Table 1, Table 2. The % of 

mortalities during the study period with Silica nano particles and ZnO is presented in Table 3 and 4. 

 

RESULTS 

 

Silica Nanoparticles  

The characterizations of the nanoparticles were done by the SEM, TEM and XRD. The size of silica 

nanoparticles is 50 to 250 nm length. The SEM, TEM XRD images of silica nanoparticles were presented in Figures 6, 

7 and 8.  Using the XRD pattern the size of the nanoparticles were calculated by “Debye scherrer” formula.  

 

                                         0.9 λ 

                                              D = ---------- 

                                                     β Cos θ 

Where 

D is the average crystalline size 

λ the X – ray wavelength 

β the angular line width at half maximum intensity 

θ Bragg’s angle 

 

Zinc Oxide Nanoparticles 

The characterizations of the nanoparticles were done by the SEM, TEM and XRD presented in Figure. 1, 

Figure. 2 and Figure.3. The size of zinc oxide nanoparticles has 50 to 200 nm i.d., 0.5 to 1 μm length. Using the XRD 

pattern the size of the nanoparticles were calculated. 

 

Toxicity in Fish  

The Toxicity of silica and ZnO nanoparticles to gilli fish was studied at different concentration levels 0.01 

µg/mL, 0.1 µg/mL, 0.5 µg/mL, 5 µg/mL, 50 µg/mL and 100 µg/mL. During the study period sedimentation of 

nanoparticles at the bottom of the aquarium was observed in aquariums exposed to higher test dosages of 50 µg/mL and 

100 µg/mL. The initial pH of the water in the aquarium was 6.4 to 6.6. However there is slight increase in pH after the 

addition of silica nanoparticles and zinc oxide nanorods. During the experiment period pH of the water sample was 

found to be in the range 6.4 to 7.9. No mortality and abnormal behavior was observed in fish exposed with silica 

nanoparticles even at high levels of dose 100 µg/mL level.  

 

Table 1. Data on behavioral abnormalities when exposed to silica nanoparticles 
Concentration in µg/mL No of Fish 3 Hour 24 Hour 48 Hour 72 Hour 96 Hour 

Control 5 − − − − − 

0.01 5 − − − − − 

0.1 5 − − − − − 

0.5 5 − − − − − 

5 5 − − − − − 

50 5 − − − − − 

100 5 − − − − − 

     Note: Dash (-) denotes No abnormalities, LOE – Loss of equilibrium, P – Pigmentation. 

*No. of fish exhibited signs/ No. of fish exposed. 
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                            Table 2. Data on behavioral abnormalities when exposed to ZnO nanorods 
Concentration in µg/mL No of Fish 3 Hour 24 Hour 48 Hour 72 Hour 96 Hour 

Control 5 − − − − − 

0.01 5 − − − − − 

0.1 5 − − − − P, 

LOE *(2/4) 

0.5 5 − P, 

LOE *(2/5) 

P,   

LOE *(2/4) 

P,  

LOE *(3/4) 

P,  

LOE *(3/3) 

5 5 − − − −  

50 5 − − − − − 

100 5 − − − − LOE *(1/5) 

   Note: Dash (-) denotes No abnormalities, LOE – Loss of equilibrium, P – Pigmentation. 

   *No. of fish exhibited signs/ No. of fish exposed. 

 

Table 3. Toxicity of silica nanoparticles to gilli fish – Mortality data 
Silica 

nanoparticles 

Dose in µg/mL 

Percentage of Mortality 

3 rd Hour 24 th Hour 48 th Hour 72 nd Hour 96 th Hour 

0.01 No Mortality No Mortality No Mortality No Mortality No Mortality 

0.1 No Mortality No Mortality No Mortality No Mortality No Mortality 

0.5 No Mortality No Mortality No Mortality No Mortality No Mortality 

5 No Mortality No Mortality No Mortality No Mortality No Mortality 

50 No Mortality No Mortality No Mortality No Mortality No Mortality 

100 No Mortality No Mortality No Mortality No Mortality No Mortality 

  

Table 4. Toxicity of ZnO nanorods to gilli fish – Mortality data 
Zinc oxide Dose 

in µg/mL 

Percentage of Mortality 

3rd Hour 24th Hour 48th Hour 72nd Hour 96th Hour 

0.01 No Mortality No Mortality No Mortality No Mortality No Mortality 

0.1 No Mortality No Mortality No Mortality 20% 20% 

0.5 No Mortality No Mortality 20% 20% 40% 

5 100% 100% 100% 100% 100% 

50 100% 100% 100% 100% 100% 

100 100% 100% 100% 100% 100% 

 

                

     Figure. 1. Scanning Electron Microscope Image of Zinc Oxide Nanoparticles 

 

 

 

 

 

 

 

 

 

 

                                          

 

Figure. 2 Transmission Electron Microscope Image of Zinc Oxide 
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Figure. 3. XRD pattern of Zinc Oxide Nanoparticles 

    

 

 

 

 

 

 

 

 

 
 

Figure 4. Scanning Electron Microscope Image of Silica Nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Transmission Electron Microscope Image of Silica Nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. XRD Pattern of Silica Nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

The aquatic toxicity of nanoparticles was conducted with gilli fish in water. The study was conducted with 

different dose rates of nanoparticles (Silica nanoparticles and ZnO nanorods) in water at ambient room temperature 25 

+ 2°C for a period of four days. During this period the abnormal behavior and mortality were observed by visual 

examination. The toxicity of ZnO nanorods was in the range 0.5 to 5 mg/L and Silica nanoparticles are greater than 100 

mg/L in water. During the study period the abnormal behaviors such as loss of equilibrium, pigmentation and lying 

down in the bottom of the aquaria were observed. From the study it was observed that the toxicity in the order Silica 

nanoparticles <  ZnO nanorods. The toxicity study of nanoparticles to fish indicated that between the two nanoparticles 

tested the ZnO nanorods exhibited higher toxicity. The lethal concentration for silica nanoparticles are > 100 µg/mL 

and for ZnO nanorods 0.5 to 5 mg/L. Studied the semi-static toxicity study of fish with different dose rates at 5, 50 and 

100 µg/mL of ZnO nanorods in water for a period of 4 days. The results showed major changes in hematological 

parameters of fish. Stress induced drinking of ZnO nanorods in water had shown precipitation in gut lumen and 

intestinal pathology. Finally conclude that ZnO nanorods are a respiratory toxicant to fish. 
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Conclusion 

 

The aquatic system might be the main part of environment in the contamination of many pollutants and 

transferring contaminants to food chain directly. A toxicity study was performed with catfish to determine the toxicity 

levels of these synthesized nanoparticles. The toxicity study of nanoparticles to fish indicated that among the two 

nanoparticles tested the ZnO nanorods exhibited higher toxicity. The lethal concentration for silica nanoparticles 

greater than 100 µg/mL and for ZnO nanorods 0.5 to µg/mL. The toxicity needs further extensive study which is 

beyond the scope of present investigations. 
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