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ABSTRACT 
 

Despite numerous published studies which focused on the toxicity of different chemicals on aquatic organisms, 

toxicity of silver nano particles seldom studied. Among the various aquatics, amphibians are good entrants for aquatic 

nanotoxicology since they have the potential of being bioindicators 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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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), while the production 

of engineered nanoparticles is expected to reach 

approximately 60 000 tons in 2011 (Jovanovic´ et al., 

2011). The most common nanomaterial mentioned in 

consumer product inventories is silver, with 313 products 

(Woodrow Wilson Database, 2011). In addition, to their 

importance as antimicrobial agents (Cho et al., 2005; 

Mohan et al., 2007; Shahverdi et al., 2007; Zheng et al., 

2008), silver nanoparticles (AgNPs) are also widely 

utilized in material science, chemistry and physics fields 

due to their particular magnetic, optical, electronic, and 

catalytic properties. 

 

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). 

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). 

 

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). AgNPs may be also manufactured by 

both physical and chemical methods. In top-down 
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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). Bottom-up approaches 

include chemical reduction of silver ions, electrochemical 

methods and sonochemical processes (Prabhu & Poulose, 

2012). 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 ofchemicals 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. 

 

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), 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). 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 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. 

 

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). Ag-NPs alter 

the metabolic enzymes in the organs like gills, kidney, 

brain and liver (Reddy et al., 2013). 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). 

 

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). 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). 

 

Toxicity to silver carp (Hypophthalmicthys molitrix) 
Hedayati et al. (2012a) 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) 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). Shalui et al. (2013) 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). 

 

Amphibians 
Rowe & Freda (2000) stated that some species of 

amphibians can avoid contaminated breeding sites but 

according to Weir et al. (2010), 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). 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. 

 

Zebra fish (Danio rerio) 

Zebra fish is extensively studied model in the Ag-NPs 

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

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

rate, hatching delay and higher mortality rate (Asharani et 

al., 2008). The LC50 value is 250 mg L-1 in case of 

embryo (Choi et al., 2010). Bar-llan et al. (2009) 

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). 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). 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 
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alterations are haptic cell cords, apoptotic changes, 

condensation of chromatin and pyknosis in adult 

(Gonzalez et al., 2006) and circulatory and morphological 

abnormalities in embryo (Asharani et al., 2008; Bar-Ilan 

et al., 2009). 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). 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). 

 

MATERIALS AND METHODS 
 

This article is review and the aims of toxicity of 

silver nanoparticles in aquatic organisms. The experiment 

1 was conducted by Kalbassi et al (2011). The colloidal 

silver nanoparticles (Ag-NPs), brand L (Nanocid brand), 

were purchased from Pars Nano Nasb Co. Ltd (Tehran, 

Iran). This product is enrolled by United States Patent 

Application No: 20090013825 (20). Before utilizing the 

colloidal silver nanoparticles, the surface charge (zeta 

potential) of the colloidal silver nanoparticle was assayed 

by Zeta potential analyzer (Zetasizer-Malvern Instruments 

Inc, UK, Model: 3000HSa) (Kalbassi et al.,2011). Also, 

measurements of the actual size and shape of silver 

nanoparticle in stock solution were carried out using 

motioned zetasizer and transmission electron microscope 

(TEM). The concentration of Ag in Ag-NPs stock solution 

was assessed by inductively coupled plasma-atomic 

emission spectroscopy (ICP-AES, Model: 3410 ARL, 

Switzerland). Also, colloidal Ag-NPs was added to tap 

water to determine whether the substance used had 

yellow/brown nanosized particles, scientifically well- 

established characteristic of silver nanoparticles solution, 

was formed (Kalbassi et al.,2011). Waters used in this 

experiment included de-chlorinated tap water (0.4ppt), 

and two different saline water containing 6±0.3, 12±0.2 

ppt salinity. The entire stock of rainbow trout fry (n= 540, 

10-week-old; 1000 ± 35.0 mg) used for this experiment 

was already hatched with de-chlorinated tap water (0.4 ppt 

salinity). In order to adapt the fish to the above mentioned 

waters, before conducting the experiment they were 

separated into three equal groups (n=180) (19) in 300-L 

fiberglass tanks. So, for at least one week two of the 

groups transferred to the waters with 6±0.3 and 12±0.2 

ppt salinities and the third group was kept in the de-

chlorinated tap water. Fish were hand-fed to three times 

daily on commercial trout food until 24 hours prior to use 

(Kalbassi et al.,2011). The feeding was stopped during the 

test period. Also, some physical and chemical parameters 

of the waters used including total ammonium, magnesium, 

total hardness, total alkalinity, calcium hardness, and 

chloride were measured using photometer. Sodium was 

measured using atomic absorption. In addition, pH, 

dissolved oxygen, and water temperature were recorded 

daily using digital pH meter and DO meter. Before 

starting the experiment, rang-finding tests in different 

concentrations in all of the above mentioned waters were 

performed because they enabled us to choose the 

appropriate concentration range for the definitive test. The 

main toxicity study involved 6-day static-renewal 

exposure. Geometric series of colloidal Ag- NPs 

concentrations were chosen for toxicity testing in three 

replicates. Ten healthy fries were randomly selected from 

the stocks and transferred to circular fiberglass tanks, 

containing 20 liters, vigorously aerated to maintain the 

dissolved oxygen concentration close to saturation. Light 

intensity at the water surface varied between 10 and 100 

lx and the photoperiod was 12:12 (light: dark) (19) 

(Kalbassi et al.,2011). Constant conditions were 

maintained as much as possible throughout the 

experiment. Concentrations of the colloidal Ag-NPs added 

to the circular fiberglass tanks containing 0.4, 6±0.3, and 

12±0.2 ppt salinity waters were (0.25, 0.5, 1, 2, and 4 

ppm), (1, 5, 10, 20, and 40 ppm) and (5, 10, 20, 40, and 80 

ppm), respectively. Then adequate mixing of them was 

achieved by well aeration. Behavioral observations and 

mortality of fish were noted after 24, 48, 72, 96, 120, and 

144 hours once daily throughout the experiment every day 

at the same time. Also, at the end of the experiment, 

statistical analysis of lethal concentration (LC10, 50, and 

90) values and the 95% confidence intervals of the Ag-

NPs were estimated by using EPA Probit analysis 

program (version 1.5) (Kalbassi et al.,2011). 

The experiment 2 was conducted by Johari et al 

(2015). Two types of colloidal silver nanoparticles 

(AgNPs) were used in the present study: The first type of 

colloidal AgNPs produced by physical method (top-down 

approach), were manufactured by Particular GmbH 

(Germany) through laser ablation of silver metal in water. 

According to the information provided by the 

manufacturer, this product is a ligand-free colloidal 

AgNPs with concentration of 500 mg.L-1 in pure distilled 

water (Johari et al., 2015). For enhancing the resistance 

and preventing the nanoparticles from settling, 

polyvinylpyrrolidone (PVP) has been added as 0.01% wt. 

The second type of colloidal AgNPs produced by 

chemical method (bottom-up approach), were 

manufactured by Nano Nasb Pars Company (Tehran, Iran) 

through photochemical reduction of silver nitrate solution 

in presence of hydrazine solution and linear alkyl benzene 

sulfonate. According to the information provided by the 

manufacturer, this product is a citrate capped colloidal 

AgNPs with concentration of 4000 mg.L-1 (Johari et al., 

2015). The detailed specifications of this colloid have 

been analyzed and reported previously. A population of 

1000 marsh frog (Pelophylax ridibundus or Rana 

ridibunda) tadpoles which were obtained from single 

spawning was used in the present study. The water used 

during toxicology experiments was drinking water which 

was vigorously aerated at least for two weeks for 

dechlorination. In investigation of aquatic toxicity of 

AgNPs, it is very important to pay attention that because 

of possible reaction of silver with sulfate, sodium 

thiosulfate cannot be used for dechlorination. Some 

properties of aerated water were measured with chemical 

water test kit (Sera Company, Italy) and according to its 

results, ammonia, chloride and calcium were 0.00, 0.00 

and 100 mg.L-1, respectively and pH was 8.5 (Johari et 

al., 2015). Toxicology experiments were conducted in 

glass beakers containing one liter of aerated water and 

under 12L: 12D photoperiod. At first, several range 

finding tests were performed to determining the range of 

lethal concentration of AgNPs produced by physical and 

chemical methods. Briefly 200 tadpoles were exposed to 
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an extensive range of concentrations of each type of the 

AgNPs and also the control group (the water without 

nanoparticles). Each concentration was in two replicates 

and 5 tadpole juveniles were exposed to nanoparticles in 

each replicate. The mortalities were recorded at 24 and 48 

hours post-exposure. No reactions to the touching of the 

caudal peduncle with a glass rod confirmed the mortality 

of tadpoles. Based on the data acquired from the 

preliminary experiments, lethal range of chemically 

produced AgNPs was 0.035 - 0.075 mg.L-1 while this 

range was 0.12- 0.60 mg.L-1 for AgNPs produced by 

physical method. For conducting the main experiments, a 

number of 420 tadpoles were exposed in triplicate (10 

tadpoles for each replicate) to seven concentrations of 

AgNPs produced by physical method (including 0.60, 

0.48, 0.42, 0.36, 0.24, 0.18 and 0.12 mg.L-1) as well as 

seven concentrations of chemically produced AgNPs 

(including 0.075, 0.070, 0.060, 0.050, 0.045, 0.040 and 

0.035 mg.L-1) (Johari et al., 2015). Control groups 

(aerated water without nanoparticles) consisting of 30 

tadpoles in 3 replicates were also included. The 

mortalities (as described before) were recorded at 24 and 

48 hours post-exposure. The results obtained from the 

mortalities of tadpoles during the main experiments were 

assessed using the EPA Probit analysis program (version 

1.5) in order to calculate the lethal concentrations (Johari 

et al., 2015). 

 

RESULTS AND DISCUSSION 

 
In the experiment 1 was conducted by Kalbassi et al 

(2011). Zetasizer results  showed that Ag-NPs in colloidal 

solution mainly ranged in size from 3.9 to 193.8 nm and 

totally three classes of particles were distinguishable: 10- 

50nm (33.6%), 50-100nm (20.5%), and 100- 165nm 

(45.9%) (Kalbassi et al., 2011). Also, the zeta average 

(mean particles size) of the silver particles in Ag-NPs 

colloid was 54.8 nm. In addition, TEM results of nanocid 

(Ag-NPs) from Pars Nano Nasb Co. Ltd. revealed that 

their size was about 25.90 ± 8.44nm. Zeta potential of Ag-

NPs solution had an average of +1.03±0.13 mV. The 

actual concentration of Ag in Ag-NPs colloid was 

measured of 3980µgr/ml. During the experiment, the 

means of temperature, dissolved oxygen, and pH of the 

water in all of the fiberglass tanks were 14- 15(°C), 

9±0.3mgl-1, and 7.9-8.2, respectively. In fry rainbow 

trout, following 6 days of colloidal silver nanoparticle 

exposure in waters with 0.4, 6±0.3, and 12±0.2 ppt 

salinities showed that increasing salinity significantly 

reduced the acute toxicity of colloidal Ag-NPs to fry 

rainbow trout. As amounts of median lethal 

concentrations (LC50) caused by colloidal Ag- NPs in 

0.4, 6±0.3, and 12±0.2 ppt salinity waters at 96, 120, and 

144 h were (2.08, 1.85, and 1.66 ppm), (19.58, 16.25, and 

15.03 ppm) and (41.79, 40.09, and 32.88 ppm), 

respectively (Table 2) (Kalbassi et al., 2011). Raising the 

salinity from 0.4 to 6±0.3 increased 144-h LC50 from 

1.66 to 15.03 ppm. Moreover, at 12±0.2 ppt, another 

significant decrease in mortality, 144-h LC50 32.88, was 

observed between the 6±0.3 and 12±0.2 ppt. The 96 hour 

median lethal concentration (LC50) of colloidal Ag-NPs 

in 12±0.2 ppt salinity was almost 20 and 2 times greater 

than 0.4 and 6±0.3ppt salinities, respectively. However, 

there were significant differences in acute toxicity of 

colloidal Ag- NPs among the fish residing in 0.4, 6 ± 0.3, 

and 12 ± 0.2 ppt salinities (Kalbassi et al., 2011). 

Inhabitant fries exposed to colloidal Ag-NPs in 6±0.3 

and 12±0.2 ppt salinities showed different responses and 

behaviors compared to those exposed to analogous levels 

of colloidal Ag-NPs in 0.4 ppt. As a significant increase in 

mucous production (slimy coating) and respiratory 

problems were observed in resident fry group in water 

with 0.4 ppt salinity compared with other groups 

(Kalbassi et al., 2011). This mucus production with Ag-

NPs aggregation was found most clearly and resembled in 

the gill. Also, we observed significant changes in fish 

(fry) behavior when exposed to 20 and 40 ppm of the Ag-

NPs in waters with 6±0.3 and 12±0.2 ppt salinities, 

respectively. As our observations included repeated 

collisions with the tanks, swimming in circles at the water 

surface, losing a herd swimming, increasing the size of 

eyes and also having black skin. But the control groups 

appeared normal throughout the test period. Moreover, 

after the addition of colloidal Ag-NPs to the waters with 

6±0.3 and 12±0.2 ppt salinities, different colors were 

observed in the water (Kalbassi et al., 2011). With the 

appearance of water in the tanks with 6±0.3 and 12±0.2 

ppt salinities, the same concentration of colloidal silver 

nanoparticles was added to them which were brownish 

and black, respectively. 

Also, fast coagulation and aggregation of colloidal 

Ag-NPs in waters with 6±0.3 and 12±0.2 ppt salinities, in 

doses higher than 10 ppm of Ag-NPs, occurred within an 

hour after adding the Ag-NPs stock to these waters. 

Finally, different concentrations of sediment with black 

and brownish colors on the bottom of the tanks were
 

Table 1: Some chemical properties of the experimental wat ers (0.4, 6± 0.3, and 12± 0.2 ppt) used in experiment (Kalbassi et al., 

2011) 

Salinity 

(ppt) 

Magnesium 

(mgl-1) 

Total alkalinity 

(mgl-1) 

Total 

Ammonium 

Chloride 

(mgl-1) 

Sodium  

(mgl-1) 

CaCO3 

(mgl-1) 

HCO3 − 

(mgl-1) 

0.4  41 326 0.1 1.7 13.8 102 320 

6±0.3 51 254.5 0.2 3.9 1857.5 138 290 

12±0.2  72 183 0.5 5.2 3084.8 176 231 

 

Table 2: Magnitudes of lethal concentrations (LC10, 50, and 90) in 0.4, 6±0.3, and 12±0.2 ppt salinity waters caused by colloidal 

silver nanoparticles in rainbow trout (Oncorhynchus mykiss) (Kalbassi et al., 2011). 

Toxicity LC10 (ppm) LC50 (ppm) 

Time 24 48 72 96 120 144 24 48 72 96 120 144 

0.4 - - 1.11 0.76 0.65 0.45 - - 2.21 2.08 1.85 1.66 

6±0.3 21.69 14.41 9.28 6.23 5.15 5.01 34.27 23.18 21.41 19.58 16.25 15.03 

12±0.2 34.02 33.16 25.70 25.70 24.71 17.33 51.03 48.61 41.79 41.79 40.09 32.88 
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Fig. 1: Magnitudes of 48 hours LC50, MATC, LOEC, and 

NOEC of silver nanoparticles (AgNPs) produced by top-down 

approach (laser ablation method) compare to bottom-up 

approach (chemical reduction). 

 

Table 3: Magnitude of MATC, NOEC, and LOEC Ag-NPs 

during 96 hours for experimental rainbow trout fry in 0.4, 6 

±0.3, and 12±0.2 ppt salinity waters (Kalbassi et al., 2011). 

Salinity  

(ppt) 

LOEC  

(mgl-1) 

NOEC 

 (mgl-1) 

MATC 

 (mgl-1) 

0.4 0.76 0 0.2 

6±0.3 6.23 1 1.96 

12±0.2 25.70 10 4.18 

 

observed in 6±0.3 and 12±0.2 ppt salinities, respectively. 

In the final days of experiment these waters were 

transparent (Kalbassi et al., 2011). During this study it 

was shown that one hour after entering the different 

colloidal silver nanoparticles doses into the 6±0.3 and 

12±0.2 ppt waters, the brownish and black sediments were 

formed at doses higher than 10 ppm (Kalbassi et al., 

2011). Thus it seems that in 6±0.3 ppt and 12±0.2 ppt 

waters at high doses, large amounts of colloidal silver 

nanoparticles were formed in the cerargyrite that got out 

of the water column. In the fresh water environments, due 

to low ion chlorine, chloride-silver forms were not 

present. Therefore, after entering silver ions into the fresh 

water ecosystems, they remained free ion silver (Ag+), the 

most toxic silver type, in the water column and cause 

toxicity in aquatic organisms. In addition, the silver ion 

reducingactivity of liver amino-transfrase, a family of 

enzymes involved in nitrogen metabolism, increased 

plasma ammonia and finally led to toxicity in fish 

(Kalbassi et al., 2011). 

In the experiment 2 was conducted by Johari et al 

(2015). Based on the results of dynamic light scattering, 

the hydrodynamic diameter of the physically produced 

AgNPs ranging from 5 - 20 nm in colloid where particle 

sizes of 9.244 nm were dominant and Polydispersity Index 

(PDI) of these particles was 0.396. In the same way, the 

hydrodynamic diameter of the chemically produced 

AgNPs in colloid was in the range of 5 to 220 nm where 

particle sizes of 63.45 nm were dominant and PDI of these 

particles was 0.544 (Johari et al., 2015). (PDI <20, 

showing that particles are monodisperse, and their 

diameter distribution is uniform in the colloid). During the 

ecotoxicological experiments, mean water temperature 

was 27 ± 1°C and dissolved oxygen was always more than 

8 mg.L-1. Based on the obtained results in this research, 

no observed effect concentration (NOEC) and lowest 

observed effect concentration (LOEC) of AgNPs 

produced by chemical method were 0.035 and 0.040 

mg.L-1, respectively in tadpoles. Furthermore, according 

to the analysis of mortalities data by Probit software, 

maximum acceptable toxicant concentration (MATC) of 

these types of AgNPs was calculated 0.039 ± 0.0045 

mg.L-1.Median lethal concentration (LC50) of chemically 

produced AgNPs colloids in tadpoles was estimated 0.055 

± 0.004 mg.L-1 during 48 hours of exposure (Johari et al., 

2015). In the case of physically produced colloidal silver 

nanoparticles, the NOEC, LOEC, MATC, and LC50 were 

0.12, 0.18, 0.189 ± 0.092, and 0.296 ± 0.085 mg.L-1 

respectively within a period of 48 hours. With regard to 

increasing production and presentation of nanomaterials 

and consumable products containing these materials, 

aquatic nanotoxicology can be considered as a very 

suitable index for predicting the possible impacts of the 

release of nanomaterials into the aquatic ecosystems. In 

this case, the results of acute and chronic toxicology 

studies are each of great importance (Johari et al., 2015).  
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