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Abstract: Toxicity of nanoparticles depends on many factors including size, shape, chemical composition,
surface area and surface charge. In this research, we compared the toxicity of different sized-silver nanoparticles
(AgNPs) which are being widely used with Iranian consumers due to its unique antimicrobial activity. Ecotoxic
assessments of silver nanoparticles (AgNPs) from two Iranian companies of nanotechnology (Nanocid  and®

Nanosil ) and silver salt (AgSO ) were conducted on the freshwater fish Cyprinus carpio. LC  was determined®
4 50

with probit analysis. The 96h toxicity tests for Nanocid , Nanosil  and silver salt were 0.43±0.90, 73.8±0.38 and® ®

0.33±0.3 respectively. As there can found LC  of silver in nanosil  was higher than other products, however50
®

in contrast to others, it was at commercial dose. Increased mortality was concomitantly observed with AgNPs-
exposed, which suggests AgNPs-induced mortality might provoke higher-level consequences. The results of
the comparative toxicities of AgNPs and Ag ions suggested that AgNPs are slightly more toxic than Ag ions.
Overall, these results reported that AgNPs is toxic toward common carp, which may contribute to the
knowledge relating to the aquatic toxicity of AgNPs on aquatic ecosystems, for which little data are available.
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INTRODUCTION Acute toxicity data can help identify the mode of

Silver nanoparticles (AgNPs) have the most on doses associated with target-organ toxicity and
commonly used in our planet, including spectrally lethality that can be used in setting dose levels for
selective  coatings  for  solar  energy  absorption, repeated-dose studies. This information may also be
chemical catalysts and especially antimicrobial extrapolated for use in the diagnosis and treatment of
sterilization,  which  has  many applications made them toxic reactions in humans. The results from acute toxicity
one of nonmaterial’s [1-3]. Widely used nanoparticles, tests can provide information for comparison of toxicity
such  as  silver  nanoparticles,   will   most   likely  enter and dose-response among members of chemical classes
the ecosystem and may produce a physiological and help in the selection of candidate materials for further
response  in  many  animals,  possibly  altering their work [8].
fitness and might ultimately change their densities or In fish researches, few ecotoxicological studies on
community  populations.  Open  access literature aquatic organisms have been performed, so in current
regarding the toxicity of nanoparticles (NPs) is still study conventional median lethal concentration tests
emerging  and  gaps still exist in our knowledge of this were conducted on the Common carp, as they may
area [3]. provide insights to the potential toxic effects of AgNPs

Despite the dramatic increase in the use of  these on aquatic environments and introduce most toxicants
NPs, little data is available on their potential harmful material from Iranian common companies. Given the
effects on the ecosystems. Most researches on the importance of C. carpio in freshwater ecosystems,
toxicity of NPs come from mammalian studies that have information concerning the ecotoxicity of widely used
focused on respiratory exposure, or from in vitro assays nanomaterials on these species could be valuable in
using mammalian cells [4]. Toxicological researches on relation to aquatic nanoecotoxicology. To compare the
nanoparticles  are  more  limited, with only a few studies toxicity of AgNPs to that of silver ions, the toxicity of
on  the  acute  toxic effects of  Nps  on  aquatic  animals silver ions was also examined in C. carpio using the same
[4-7]. toxic endpoints as used in the AgNPs toxicity assay.

toxic action of a substance and may provide information
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MATERIALS AND METHODS statistical software. In Finney’s method, the LC  value is

In this study the effective doses of AgNPs and Ag and  also  by  graphical  interpolation  by taking
salt were compared, so two nano products from Iranian logarithms of the test chemical concentration on the X
nanotechnology companies (Nanocid  and Nanosil ) were axis  and the probit value of percentage mortality on the® ®

compared with silver sulphate salt. Y axis [12].
Nanocid : A water soluble form of colloidal, brown, The 95% confidence limits of the LC  values®

silver nanoparticles called Nanocid  - L2000 was used. It obtained  by   Finney’s   method  were  calculated  with®

was concentrated at 4000 mg/l (stock solution) with an the  formula   of   Mohapatra   and   Rengarajan  [13].
average nanoparticle size of 18 nm. This was a P-series Probit transformation adjusts mortality data to an
powder product that was made by Nano Nasb Pars assumed normal population distribution that results in a
Company, Tehran, Iran for antimicrobial purposes. We straight line. Probit transformation is derived from the
used effective dose of Nanocid  with injection of 4000 normal equivalent deviate (NED) approach developed by®

ppm stock solution. Tort, who proposed measuring the probability of
Nanosil : A water soluble form of Ag ions size <100 responses (i.e., proportion dying) on a transformed scale®

nm, made by Kimiafaam Company, Tehran, Iran were based in terms of percentage of population or the
homogenously dispersed in deionized water by standard  deviations  from  the  mean  of  the  normal
sonication. As we did not had exact effective dose of curve [14].
Nanosil , during the toxicity test it was used as The LC values were derived using simple®

commercial dose. substitution probit of 1,10,30,50,70,90 and 99 respectively
Ag salt (Silver sulphate): To compare the toxicities of for probit of mortality in the regression equations of

AgNPs and Ag ions, AgSO  salt (Merck- Germany) probit of mortality vs. silver. The 95% confidence limits4

aqueous in deionized water was used. for  LC were  estimated  by  using  the  formula LC
(95%  CL)   =   LC ±1.96   [SE   (LC )].   The   SE  of LC

(~18 g & 12 cm). C. carpio were obtained in commercial is calculated  from   the  formula:
fish farms, Gorgan-Iran and maintained in fiberglass tanks
in Veniro laboratory. Only healthy fish, as indicated by
their activity and external appearance, were maintained
alive on board in a fiberglass tank. Samples transferred to
a 400-L aerated tank equipped with aeration with 200 L of
test medium.

All samples were acclimated for one week in a 15
aerated fiberglass tank at 25°C under a constant 12:12 L:
D photoperiod. Acclimatized fish were fed daily with a
formulated feed. Dead fish were immediately removed with
special plastic forceps to avoid possible deterioration of
the water quality [9].

Silver tested concentrations were 0, 2, 5, 10, 20 and 40
ppm pure oil, groups of seven fish were exposed to 96h in
fiberglass tank. Test medium was not renewed during the
assay and no food was provided to the animals. Values of
mortalities were measured at time 0, 24, 48, 72 and 96h [10].

Acute toxicity tests were carried out in order to
calculate the 96h-LC  for silver. Mortality was recorded50

after 24, 48, 72 and 96h and LC  values and its confidence50

limits (95%) were calculated by Boudou and Ribeyre [11].
Percentages of fish mortality were calculated for each
silver concentration at 24, 48, 72 and 96h of exposure.

Also LC  values were calculated from the data50

obtained in acute toxicity bioassays, by Finney’s [12]
method of ‘‘probit analysis’’ and with SPSS computer

50

derived  by  fitting a regression equation arithmetically

50

1,10,30,50,70,90,99

50 50

Acute toxicity tests were conducted on common carp 50 50 50

Where: b=the slope of the silver/probit response
(regression) line; p=the number of silver used, n = the
number of animals in each  group,  w = the  average
weight  of  the  observations.  At  the end of acute test,
the  LOEC  and  NOEC  were  determined for each
endpoint  measured.  In  addition,  the maximum
acceptable  toxicant  concentration (MATC) was
estimated for the endpoint with the lowest NOEC and
LOEC [15].

RESULTS

The mortality of silver doses for Nanocid  0, 0.01, 0.1,®

0.5, 1, 2.5 and 5 ppm, Nanosil  0, 0.2, 2, 20, 50, 100 and 200®

ppm and silver sulphate 0.001, 0.01, 0.1, 0.5, 1 and 2 ppm
were examined during the exposure times at 24, 48, 72 and
96h (Tables 1-3). Fishes exposed during the period 24-96h
had significantly increased number of dead individual
with increasing concentration. There were significant
differences in number of dead fish between the duration
24-96 in each. There were 100% mortality at 1 ppm of
Nanocid  ans silver sulphate and 200 ppm of nanosil® ®

concentration within the 96h after exposure for all fishes
and no mortality at 0.1, 20 and 0.01 ppm within the
exposure times for nanocid , nanosil  and silver sulphate® ®

respectively.
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Table 1: Cumulative mortality of common carp during acute exposure to Table 5: Lethal Concentrations (LC ) of Nanosil  (mean±SE) depending
Nanocid® (n=21, effective dose). on time (24-96h) for common carp

No. of died fishes Concentration (ppm-commercial dose) (95 % of confidence limits)
--------------------------------------------------------------- ----------------------------------------------------------------------------------

Concentration (ppm) 24h 48h 72h 96h Point 24h 48h 72h 96h

Control 0 0 0 0 LC 22.43±0.40 35.55±0.69 16.92±0.48 6.14±0.38
0.01 0 0 0 0 LC 71.93±0.40 69.83±0.69 52.08±0.48 36.5±0.38
0.1 0 0 0 0 LC 107.8±0.40 94.67±0.69 77.56±0.48 58.5±0.38
0.5 2 5 9 16 LC 132.6±0.40 111.8±0.69 95.21±0.48 73.8±0.38
1 11 18 21 21 LC 157.5±0.40 129.0±0.69 112.8±0.48 89.0±0.38
2.5 16 21 21 21 LC 193.3±0.40 153.9±0.69 138.3±0.48 111±0.38
5 21 21 21 21 LC 242.8±0.40 188.2±0.69 173.5±0.48 141±0.38

Table 2: Cumulative mortality of common carp during acute exposure to Table 6: Lethal Concentrations (LC ) of AgSO  (mean±SE) depending on
Nanosil® (n=21, commercial dose) time (24-96h) for common carp

No. of died fishes Concentration (ppm-effective dose) (95 % of confidence limits)
--------------------------------------------------------------- ----------------------------------------------------------------------------------

Concentration (ppm) 24h 48h 72h 96h Point 24h 48h 72h 96h

Control 0 0 0 0 LC 0.01±0.2 0.01±0.2 0.01±0.3 0.01±0.3
0.2 0 0 0 0 LC 0.40±0.2 0.16±0.2 0.06±0.3 0.05±0.3
2 0 0 0 0 LC 1.04±0.2 0.61±0.2 0.39±0.3 0.21±0.3
20 0 0 0 0 LC 1.49±0.2 0.92±0.2 0.63±0.3 0.33±0.3
50 1 1 3 7 LC 1.94±0.2 1.22±0.2 0.86±0.3 0.44±0.3
100 6 7 11 16 LC 2.59±0.2 1.67±0.2 1.20±0.3 0.61±0.3
200 19 21 21 21 LC 3.48±0.2 2.28±0.2 1.66±0.3 0.84±0.3

Table 3: Cumulative mortality of common carp during acute exposure to
AgSO  (n=21, each concentration)4

No. of died fishes 
----------------------------------------------------------------

Concentration (ppm) 24h 48h 72h 96h

Control 0 0 0 0
0.001 0 0 0 0
0.01 0 0 0 0
0.1 4 6 6 9
0.5 4 7 13 15
1 3 8 14 21
2 16 21 21 21

Table 4: Lethal Concentrations (LC ) of Nanocid® (mean±SE) depending1-99

on time (24-96h) for common carp

Concentration (ppm-effective dose) (95 % of confidence limits)
----------------------------------------------------------------------------------

Point 24h 48h 72h 96h

LC 0.01±0.23 0.10±0.69 0.05±0.91 0.01±0.901

LC 0.46±0.23 0.37±0.69 0.27±0.91 0.17±0.9010

LC 1.12±0.23 0.56±0.69 0.43±0.91 0.33±0.9030

LC 1.57±0.23 0.70±0.69 0.54±0.91 0.43±0.9050

LC 2.03±0.23 0.83±0.69 0.66±0.91 0.54±0.9070

LC 2.68±0.23 1.03±0.69 0.82±0.91 0.70±0.9090

LC 3.59±0.23 1.29±0.69 1.04±0.91 0.91±0.9099

1-99
®

1

10

30

50

70

90

99

1-99 4

1

10

30

50

70

90

99

Median lethal concentrations of 1%, 10%, 30%, 50%,
70%, 90% and 99% tests were shown in Tables 4-6.
Because mortality (or survival) data were collected for
each  exposure  concentration  in  a  toxicity test at
various  exposure  durations  (24,  48, 72, or 96 hours),
data can be plotted in other ways; the straight  line of
best fit is then drawn through the points. These were
time-mortality lines. As there can found LC of silver in50

nanosil  was higher than others, however silver sulphate®

had the lowest one.
Statistical  results    of    96h    exposure   for

observed  mortality,  expected  response   and  prob
during probit  analysis  of  studied  parameters are in
Figs. 1-3.

Toxicity Testing Statistical Endpoints showed that
Lowest Observed Effect Concentration (LOEC) were 0.5,
50 and 0.1 ppm and NOEC (No Observed Effect
Concentration) were 0.1, 20 and 0.01 for  nanocid ,®

nanosil  and silver sulphate respectively, however LC®
50

(the median Lethal Concentration) had significant
different between parameters. The Maximum Acceptable
Toxicant Concentration (MATC) for nanocid , nanosil® ®

and silver sulphate were 0.04, 7.3 and 0.03 ppm
respectively.
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Fig. 1: Nanocid  response curve of common carp exposed®

to 96h acute toxicity test.

Fig. 2: Nanosil response curve of silver carp exposed to®

96h acute toxicity test.

Fig. 3: AgSO response curve of roach exposed to 96h4

acute toxicity test.

DISCUSSION

Aquatic toxicity tests may provide insights to the
relative sensitivity of C. carpio to AgNPs, which may also

provide suitable data on the impact of nanoparticles on
water environment, as these species hold important
positions in aquatic ecosystems. A significant increase in
mortality was observed in C. carpio exposed to 0.5 and 50
mg/l of nanocid  and nanosil  AgNPs; whereas, no® ®

significant alteration was observed in 0.1 and 20 mg/l.
It seemed Ag ion exposure leads to a slight increase

in mortality. As mortality is the most obvious sign of
progression of serious pollutant at the organism level, the
impairment role of survival due to AgNPs exposure may
be considered a consequence of a serious progression of
population mortality.

In recent years, silver and silver nanoparticles
(AgNPs) are widely being applied to medical and
agricultural uses [16-18]. With the increased applications,
animal and eventually human exposure to AgNPs has
been increased. It has been confirmed that AgNPs are
translated into blood circulation and accumulated in some
organs to cause organotoxicity and eventually death [19].
Regarding the AgNPs toxicities, the researches are rapidly
increased.

AgNPs significantly increase cell death through
oxidative stress-related mechanisms that cause DNA
damage in animal cells [20].

AgNPs also showed cytotoxicity and harmful effects
on fish  cell   lines,  embryos,  larvae  and  adult  fishes.
For example medaka (Oryzias latipes) cell line was used to
investigate the cytotoxicity and genotoxicity of 30nm
diameter silver nanospheres, that serious cytotoxicity was
shown [21]. Also in this fish species at early-life stages as
experimental models, the developmental toxicity of silver
nanoparticles was investigated following exposure to
AgNPs at high concentrations ( 400µg/l) [22].

In recent years there are a few published toxicological
studies related to the nano silvers, for examples a study
on the sized effect of AgNPs using rainbow trout
(Oncorhynchus mykiss) has been published [18]. In the
study, rainbow trout were exposed via the water to
commercial silver particles of three nominal sizes: 10nm [N
(10)], 35nm [N (35)] and 600–1600nm [N (Bulk)] for 10
days. When the uptake of AgNPs from the water medium
into the tissues of exposed fish was measured, the uptake
level was low. of the silver particles tested, N (10) was
found to be the most highly concentrated within gill
tissues. In this research, four different sized-AgNPs were
prepared and repeated-dose toxicity was evaluated after
administration to rat. Furthermore, inflammatory
responses were evaluated to investigate the hazardous
effects of AgNPs.
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Silver particles especially for the nanomaterials 4. Lovern, S.B., J.R. Strickler and R. Klaper, 2007.
concerned, in spite of increase in the use of nanomaterials
and their ubiquitous distribution in aquatic environments,
little knowledge is available on their potential toxicity on
aquatic animals. Considering the potential of C. carpio as
a bioindicator species and the importance of the toxicity
of nanoparticles in ecotoxicity monitoring, the
measurement of the mortality response in these species
after exposure to nanoparticles could provide useful data
for aquatic monitoring.

There have been discussions regarding the
comparative  toxicity   of   AgNPs   and   Ag  ions [23].
Our study comparing the toxicity of AgNPs and Ag ions,
suggested that AgNPs were slightly more toxic than Ag
ions in terms of their effect on mortality potential and it
also appeared that different mechanisms exerted the
toxicity of AgNPs and with Ag ions [24].

In  current  research,  the  toxicities   of   AgNPs  on
C. carpio were evaluated. The results suggested that
AgNPs may have toxic potential toward C. carpio and
AgNPs-induced mortality might provoke higher-level
consequences, which could comprise a contribution to
the knowledge on the aquatic toxicity of AgNPs on
aquatic ecosystems, for which little data are available.
However, further research on the mechanism behind
AgNPs-induced damage and mortality are needed to
better explain the ecotoxicity of AgNPs in C. carpio.

Based on the obtained results of this study, it is
suggested that small-sized nanosilvers are more active to
exert toxicological or biological responses and they
induce mortality responses by repeated water exposure.
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