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Abstract 

Despite numerous published studies which focused on the toxicity of different chemicals on aquatic organisms. Among the various 

aquatics, amphibians are good candidates for aquatic Nano toxicology since they have the potential of being bio indicators and also 

are of great importance for investigation of the pollution transference between terrestrial and aquatic ecosystems. In different 

studies difference in toxicity was also seen due to change in the size time, age and condition of test organisms. Zebra fish is 

extensively studied model in the Ag-NPs toxicological studies. The toxicity indicators may include, drop in heart rate, hatching 

delay and higher mortality rate. Amphibians play both the role of prey and top predators in trophic chains based on their habitat 

and life stage. 
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1. Introduction 

The increasing commercial application of nanomaterials 

(NMs), with at least one dimension of ≤100 nm, is currently 

showing inventory listings of 1317 nanotechnology- based 

consumer products in 30 countries (Woodrow Wilson 

Database, 2011) [38], while the production of engineered 

nanoparticles is expected to reach approximately 60 000 tons 

in 2011 (Jovanovic´ et al., 2011) [14]. The most common 

nanomaterial mentioned in consumer product inventories is 

silver, with 313 products (Woodrow Wilson Database, 2011) 
[38]. In addition, to their importance as antimicrobial agents 

(Cho et al., 2005; Mohan et al., 2007; Shahverdi et al., 2007; 

Zheng et al., 2008) [5, 20, 29, 40], silver nanoparticles (AgNPs) are 

also widely utilized in material science, chemistry and physics 

fields due to their particular magnetic, optical, electronic, and 

catalytic properties. 

 

1.1 Nanotechnology 

Nanotechnology is of promising technologies that has found 

extensive applications in many scientific and industrial fields. 

Based on the statistics obtained from thirty countries of the 

world, the number of consuming products by human being in 

which the nanomaterials are used, has increased from 54 in 

2005 to 1317 in 2011 and it is predicted that this number 

would be rapidly increasing in future years too (Woodrow 

Wilson Database, 2011) [38]. According to these statistics, the 

more frequent nanomaterials used in consumer products are 

silver, carbon, titanium, silicon, zinc and gold, respectively. 

Increasing development of nanotechnology and the extension 

of the applications of nanomaterials in human life has caused 

many concerns on possible dangers of the release of these 

materials into the environment. Aquatic ecosystems are one of 

the final destinations of the released nanomaterials in the 

environment. These materials may have harmful effects on the 

aquatic organisms and so, the study of these effects is of great 

importance. Nanotoxicology is the assessment of toxic effects 

of nanomaterials on living organisms and hence, aquatic 

nanotoxicology investigates the toxic effects of nanomaterials 

on aquatic organisms including aquatic bacteria, unicellular 

and multicellular algae, zooplanktons, mollusks, crustaceans, 

amphibians, fish, and etc (Woodrow Wilson Database, 2011) 
[38]. 

 

1.2 Two methods for production of nanomaterials 

In general, there are two methods for production of 

nanomaterials. In bottom-up approaches, molecules are joined 

together during very special processes to generate larger 

structures with nano dimensions; Vice versa in top-down 

approaches, large dimension materials are changed to nano 

dimension structures by physical methods (Rodgers, 2006) [25]. 

AgNPs may be also manufactured by both physical and 

chemical methods. In top-down approach, a large volume of 

silver metal is first ablated by mechanical method and then the 

manufactured AgNPs are fixed by adding colloids protectants 

(Gaffet et al., 1996; Amulyavichus et al., 1998) [7, 1]. Bottom-

up approaches include chemical reduction of silver ions, 

electrochemical methods and sonochemical processes (Prabhu 

& Poulose, 2012) [22]. Different chemical precursors which are 

used in bottom-up approaches for reducing silver ion to 

AgNPs, may cause secondary effects and sometimes have 

toxic impacts on organisms. In contrast, no use of chemicals in 

top-down approaches may reduce these secondary effects. To 

test this hypothesis, acute toxic effects of two types of AgNPs 

produced by physical and chemical methods were investigated 

and compared on the survival of marsh frog tadpoles. 

 

1.3 Toxicity of different chemicals 

Despite numerous published studies which focused on the 

toxicity of different chemicals on aquatic organisms 

(Imanpour Namin et al., 2011; Khodabakhsh et al., 2014; 

Ramzanpour et al., 2014; Shirdel and Kalbassi, 2014) [12, 18, 31], 

the field of aquatic nanotoxicology is relatively new field 

(Kalbassi et al., 2011; Salari Joo et al., 2012, 2013; Hosseini 

et al., 2014; Johari, 2014; Johari et al., 2015; Tavana et al., 

2014; Sohn et al., 2015a, b) [16, 27, 28, 35, 32]. Among the various 

aquatics, amphibians are good candidates for aquatic 

nanotoxicology since they have the potential of being 

bioindicators and also are of great importance for investigation 
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of the pollution transference between terrestrial and aquatic 

ecosystems (Sparling et al., 2000) although much less 

attention have been paid to them in ecotoxicology studies 

compared other vertebrates. 

 

1.4 Common Carp (Cyprinus carpio) 

The results of the comparative toxicities of Ag-NPs and Ag 

ions suggested that Ag-NPs are slightly more toxic than Ag 

ions (Hedayati et al., 2012b) [13]. Ag-NPs alter the metabolic 

enzymes in the organs like gills, kidney, brain and liver 

(Reddy et al., 2013) [24]. The liver was found most susceptible 

to change in Ag-NPs concentration among all the examined 

tissues (Lee et al., 2012). Jung et al. (2014) found mean 

concentra-tion of 5.61 mg kg-1 in the liver when exposed to 

0.06±0.12 mgL-1 for 7 days. The other organs were found to 

have concentration of 3.32 mg kg-1 in gills, 2.93 mg kg-1 in 

gastrointestinal tract, 0.48 mg kg-1 in the skeletal muscle 0.48 

mg kg-1 in skeletal muscle, 0.14 mg kg-1 in brain and 0.02 mg 

kg-1 in blood. The localized Ag-NPs badly reduce the 

activities of the metabolic enzymes (SOD, CAT and GST) in 

brain and other tissues (Lee et al., 2012). Silver salts 

(AgNO3), Nanocid and Nanosil are mostly used in the 

toxicological studies of Ag-NPs in the case of the juvenile 

common carp (Hedayati et al., 2012b) [13]. 

 

1.5 Different aspects of the toxicity of silver compounds 

More than 50 papers have already been published on different 

aspects of the toxicity of silver compounds (except silver 

nanoparticles) in rainbow trout, plus the acute and chronic 

toxicity mechanisms of these compounds have also been 

studied in various fish species, including rainbow trout (for a 

more detailed description, the reader is invited to see: 

Hogstrand and Wood, 1998; Wood et al., 1999) [37]. To the end 

of December 2011, based on an online search of different 

search engines, about 137 papers have been published on the 

toxicity of 44 different nanomaterials in 14 different fish 

species, where 34 papers focused on the toxicity of silver 

nanoparticles in 9 different fish species, including 13 papers 

on zebrafish and 7 papers on rainbow trout. In summary, these 

papers found that silver nanoparticles could cause an increase 

in mortality (Asharani et al., 2008; Griffitt et al., 2008; Yeo 

and Yoon, 2009; Asharani et al., 2010) [2, 9, 6, 3]. 

 

1.6 Toxicity to silver carp (Hypophthalmicthys molitrix) 

Hedayati et al. (2012a) [11] suggested Ag-NPs are very toxic to 

the silver carp than the metallic silver. The recorded LC50 

value was 0.34 ppm in case of nanocid (Hedayati et al., 

2012a) [11] and 66.4 ppm in case of nanosil (Jahanbakhsi et al., 

2012). The mortality also increases as the time of exposure 

and concentration increases. There was 100% mortality seen 

in case of 1ppm and 96 hours of exposure (Hedayati et al., 

2012). In different studies difference in toxicity was also seen 

due to change in the size time, age and condition of test 

organisms (Rathore and Khangarot, 2002) [23]. Shalui et al. 

(2013) [30] found 0.810 mg L-1 LC50 value for 24h explore 

and 0.64, 0.383, 0.202 mg L-1 for 48, 72 and 96h respectively. 

The Ag-NPs also decrease the RBC, hemoglobin and 

hematocrit level in the silver carp (Shalui et al., 2013) [30]. 

 

2. Amphibians 

Rowe & Freda (2000) [26] stated that some species of 

amphibians can avoid contaminated breeding sites but 

according to Weir et al. (2010) [36], some unexpected events 

like runoff or leaching may contaminate the sites and so, water 

dependent early-life stages of amphibians which are sensitive 

to contaminants face contamination. Amphibians play both the 

role of prey and top predators in trophic chains based on their 

habitat and life stage (Murphy et al., 2000) [21]. This ability 

makes them even more important in ecotoxicology studies 

because their roles are very important in accumulation and 

transfer of toxic substances. Sensitivity of amphibians to 

contamination is more in larval than in adult stage. 

 

2.1 Zebra fish (Danio rerio) 

Zebra fish is extensively studied model in the Ag-NPs 

toxicological studies (Asharani et al., 2008; Kanan et al., 

2011) [2]. The toxicity indicators may include, drop in heart 

rate, hatching delay and higher mortality rate (Asharani et al., 

2008) [2]. The LC50 value is 250 mg L-1 in case of embryo 

(Choi et al., 2010). Bar-llan et al. (2009) [4] calculated the 

LC50 values of 3nm to 100nm of Ag-NPs. The calculated 

values were 93.31 μM for 3nm particle size and 137.26 μM 

for 100 nm. The higher value of LC50 for lager particles 

suggest that the toxicity increases as the particle size 

decreases. In some studies free Ag+ also demonstrated the 

almost same cytotoxicity as Ag-NPs with almost same LC50 

values in zebra fish model (Kim et al., 2009) [6]. The Ag-NPs 

also accumulated in the different organs like intestine, gills, 

blood, liver and brain upon exposing fish to particles (Handy 

et al., 2008) [10]. The concentration of accumulated Ag in the 

liver tissues was found 0.29 and 2.4ng/mg liver when treated 

with 30 and 120mgL-1 (Choi et al., 2010). The accumulated 

Ag-NPs cause number of cellular alterations in the liver. 

These alterations are haptic cell cords, apoptotic changes, 

condensation of chromatin and pyknosis in adult (Gonzalez et 

al., 2006) [8] and circulatory and morphological abnormalities 

in embryo (Asharani et al., 2008; Bar-Ilan et al., 2009) [2, 4]. 2 

to 4 mgL-1 exposure for 14 days causes decrease the 

Na(+)/K(+)ATPase activity in the gills and erythrocytes 

acetylcholinestrase activity (Katuli et al., 2014) [17]. The Ag-

NPs treatment also causes oxidative damage in the hepatic 

cells. The DNA damage includes double strand breaks cause 

lesions in cells (Rothkamm and Lobrich, 2003). 

 

3. References 
1. Amulyavichus A, Daugvila A, Davidonis R, Sipavichus 

C. Study of chemical composition of nanostructural 

materials prepared by laser cutting of metals. The Physics 

of Metals and Metallography. 1998; 85:111-117. 

2. Asharani PV, Wu YL, Gong Z, Valiyaveetti S. Toxicity 

of silver nanoparticles in zebrafish models. 

Nanotechnology 2008; 19(25):55-102. 

3. Asharani PV, Wu YL, Gong Z, Valiyaveettil S. 

Comparison of the toxicity of silver, gold and platinum 

nanoparticles in developing zebrafish embryos. 

Nanotoxicology. 2010; 5(1):43-54. 

4. Bar-Ilan O, Albrecht RM, Fako VE, Furgeson DY. 

Toxicity assessments of multisized gold and silver 

nanoparticles in Zebrafish embryos. Small 2009; 

5(16):1897-910. 

5. Cho KH, Park JE, Osaka T, Park SG. The study of 

antimicrobial activity and preservative effects of 

nanosilver ingredient. Electrochemical Acta. 2005; 

51:956-960. 



 
International Journal of Multidisciplinary Research and Development 

 

78 
 

6. Choi JE, Kim S, Ahn JH, Youn P, Kang JS, Park K et al. 

Induction of oxidative stress and apoptosis by silver 

nanoparticles in the liver of adult Zebrafish. Aquatic 

Toxicology 2009, 100(2). 

7. Gaffet E, Tachikart M, El Kedim O, Rahouadj R. 

Nanostructural materials formation by mechanical 

alloying: morphologic analysis based on transmission and 

scanning electron microscopic observations. Materials 

Characterization. 1996; 36:185-190. 

8. Gonzalez P, Baudrimont M, Boudou A, Bourdineaud JP. 

Comparative effects of direct cadmium contamination on 

gene expression in gills, liver, skeletal muscles and brain 

of the zebrafish (Danio rerio). Biometals 2006; 

19(3):225-235. 

9. Griffitt RJ, Luo J, Gao J, Bonzongo JC, Barber DS. 

Effects of particle composition and species on toxicity of 

metallic nanomaterials in aquatic organisms. 

Environmental Toxicology and Chemistry. 2008; 

27(9):1972-1978. 

10. Handy RH, Owen R, Valsami-Jones E. The ecotoxicology 

of nanoparticles and nanomaterials: current status, 

knowledge gaps, challenges, and future needs. 

Ecotoxicology 2008; 17(5):315-325. 

11. Hedayati A, Kolangi H, Jahanbakhshi A, Shaluei F. 

Evaluation of Silver nanoparticles Ecotoxicity in Silver 

carp (Hypophthalmicthys molitrix) and Goldfish 

(Carassius auratus). Bulgarian Journal of Veterinary 

Medicine 2012a; 15(3):172-177. 

12. Imanpour Namin J, Mohammadi M, Heydari S, Monsef 

Rad F. Heavy metals Cu, Zn, Cd and Pb in tissue liver of 

Esox lucius and sediment from the Anzali international 

lagoon, Iran. Caspian Journal of Environmental Sciences. 

2011; 9:1-8. 

13. Jahanbakhshi A, Shaluei F, Hedayati A. Detection of 

Silver Nanoparticles (Nanosil®) LC50 in Silver Carp 

(Hypophthalmichthys molitrix) and Goldfish (Carassius 

auratus). World Journal of Zoology 2012b; 7(2):126-130. 

14. Jovanovic B, Anastasova L, Rowe EW, Zhang Y, Clapp 

AR, Palic D. Effects of nanosized titanium dioxide on 

innate immune system of fathead minnow (Pimephales 

promelas Rafinesque,1820). Ecotoxicology and 

Environmental Safety. 2011; 74(4):675-683. 

15. Jung WK, Kim SH, Koo HC, Shin S, Kim JM, Park YK 

et al. Antifungal activity of the silver ion against 

contaminated fabric. Mycoses 2007; 50(4):265-269. 

16. Kalbassi MR, Salari Joo H, Johari SA. Toxicity of silver 

nanoparticles in aquatic ecosystems: salinity as the main 

cause of reducing toxicity. Iranian Journal of Toxicology. 

2011; 5:436-443. 

17. Katuli KK, Massarsky A Hadadi A, Pourmehran Z. Silver 

nanoparticles inhibit the gill Na⁺/K⁺-ATPase and 

erythrocyte AChE activities and induce the stress 

response in adult zebrafish (Danio rerio). Ecotoxicology 

and Environmental Safety 2014; 106:173-80. 

18. Khodabakhsh E, Jamili Sh, Motalebi A, Mashinchian 

moradi A, Nasrolahzade Saravi H. Histopathological 

effects of water soluble–fraction of crude oil on liver 

tissue of fingerling beluga, Huso huso Linnaeus, 1754. 

Caspian Journal of Environmental Sciences. 2014; 12:63-

72. 

19. Kim J, Kuk E, Yu K, Park S, Lee H, Kim S et al. 

Antimicrobial effects of silver nanoparticles. 

Nanomedicine: Nanotechnology, Biology and Medicine 

2007; 3(1):95-101. 

20. Mohan YM, Lee K, Premkumar T, Geckeler KE. 

Hydrogel networks as nanoreactors: A novel approach to 

silver nanoparticles for antibacterial applications. 

Polymer. 2007; 48:158-164. 

21. Murphy JE, Phillips CA, Beasley VR. Aspects of 

amphibian ecology. In: Sparling DW, Linder G, Bishop 

CA. editors. Ecotoxicology of amphibians and reptiles. 

Columbia, USA: SETAC Technical Publication Series 

2000, 141-178. 

22. Prabhu S, Poulose EK. Silver nanoparticles: mechanism 

of antimicrobial action, synthesis, medical applications, 

and toxicity effects. International Nano Letters 2012; 2: 

32. 

23. Rathore RS, Khangarot BS. Effect of temperature on the 

sensitivity of sludge worm Tubifex tubifex (Muller) to 

selected heavy metals. Ecotoxi-cology and Environmental 

Safety 2002; 53(1):27-36. 

24. Reddy TK, Reddy SJ, Prasad TNVKV. Effect of Silver 

Nanoparticles on Energy Metabolism in Selected Tissues 

of Aeromonas Hydrophila Infected Indian Major Carp, 

Catla Catla. IOSR Journal of Pharmacy. 2013; 3(1):49-

55. 

25. Rodgers P. Nanofabrication: Top down, bottom up. 

Nature Nanotechnology, 2006. 

26. Rowe CL, Freda F. Effects of acidification on amphibians 

at multiple levels of biological organization. In: Sparling 

DW, Linder G, Bishop CA. editors. Ecotoxicoloy of 

amphibians and reptiles. Columbia, USA: SETAC 

Technical Publication Series, 2000, 545-570. 

27. Salari Joo H, Kalbassi MR, Johari SA. Effect of water 

salinity on acute toxicity of colloidal silver nanoparticles 

in rainbow trout (Oncorhynchus mykiss) Larvae. Iranian 

Journal of Health and Environment. 2012; 5:121-131.  

28. Salari Joo H, Kalbassi MR, Yu IJ, Lee JH, Johari SA. 

Bioaccumulation of silver nanoparticles in Rainbow trout 

(Oncorhynchus mykiss): Influence of concentration and 

salinity. Aquatic Toxicology 2013; 140(141):398 - 406. 

29. Shahverdi AR, Fakhimi A, Shahverdi HR, Minaian S. 

Synthesis and effect of silver nanoparticles on the 

antibacterial activity of different antibiotics against 

Staphylococcus aureus and Escherichia coli. 

Nanomedicine: Nanotechnology, Biology, and Medicine. 

2007; 3:168. 

30. Shaluei F, Hedayati A, Jahanbakhshi A, Kolangi H, 

Fotovat M. Effect of subacute exposure to silver 

nanoparticle on some hematological and plasma 

biochemical indices insilver carp (Hypoph-thalmichthys 

molitrix). Human& Experimental Toxicology 2013; 

32(12):1270-7. 

31. Shirdel I, Kalbassi MR. Assessing the sensitivity of 

Caspian Kutum (Rutilus kutum) and the endangered 

Caspian trout (Salmo trutta caspius) to acute toxicity of 

nonylphenol. Caspian Journal of Environmental Sciences. 

2014; 12:225-232. 

32. Sohn EK, Chung YS, Johari SA, Kim TG, Kim JK, Lee 

JH et al. Acute toxicity comparison of single-walled 

carbon nanotubes in various freshwater organisms. Bio 

Med Research International. 2015a; 323090:1-8. 



 
International Journal of Multidisciplinary Research and Development 

 

79 
 

33. Soltani M, Esfandiary M, Sajadi MM, Khazraeenia S, 

Bahonar AR, Ahari H. Effect of nanosilver particles on 

hatchability of rainbow trout (Oncorhynchus mykiss) egg 

and survival of the produced larvae. Iranian Journal of 

Fisheries Sciences. 2011; 10(1):167-176. 

34. Sparling DW, Linder G, Bishop CA. editors. 

Ecotoxicoloy of amphibians and reptiles. Columbia, USA: 

SETAC Technical Publication Series, 545-570. 

35. Tavana M, Kalbassi MR, Abedian Kenari AM, Johari SA. 

Assessment of assimilation and elimination of silver and 

TiO2 nanoparticles in Artemia franciscana in different 

salinities. Oceanography 2014; 5:91-103. 

36. Weir S, Halbrook R, Sparling D. Mercury concentrations 

in wetlands associated with coal-fired power plants. 

Ecotoxicology 2010; 19:306-316. 

37. Wood CM, Playle RC, Hogstrand C. Physiology and 

modeling of mechanisms of silver uptake and toxicity in 

fish. Environmental Toxicology and Chemistry. 1999; 

18(1):71-83. 

38. Woodrow Wilson Database Nanotechnology consumer 

product inventory, 2011. 

39. Yeo MK, Kang M. Effects of nanometer sized silver 

materials on biological toxicity during zebrafish 

embryogenesis. Bulletin of the Korean Chemical Society. 

2008; 29(6):1179-1184. 

40. Zheng J, Wu X, Wang M, Ran D, Xu W, Yang J. Study 

on the interaction between silver nanoparticles and 

nucleic acids in the presence of cetyl trimethyl 

ammonium bromide and its analytical application. 

Talanta. 2008; 74:526-532. 


