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ABSTRACT

In this study, the lethal concentration and acubxidity of silver nanoparticles synthesized usirepvgeed
Sargassum angustifolium that is produced by bigiagimethods were investigated at static renewaldit@m
during 96 hours in common carp in accordance wilindard methods OECD. TEM analysis showed that the
average size of the bio nanoparticles were foundet®2.54 nm and spherical in shape. Since theteraount of
lethal concentration of this silver nanoparticleshaot been determined in fish previously, at fitstermining the
lethal concentration range, then the preliminanpesiments was carried out at several concentratiddsce the
lethal concentration, LC50 tests were done at difie concentrations. The results showed that thB(L&t 24, 48,
72 and 96-h after exposure were 79.54 +0.007, 520.006, 30.62 +£0.008 and 11.34 +0.016 mg/Lpestively.
According to these results, the mortality ratescommon carp showed an increasing trend with indreps
concentration and exposure time, that is indicatimg toxicity of biological synthesized AgNP inth@pncentration
for common carp.
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INTRODUCTION

In recent years, advancement of technology fronrarit] to nanoscales [2], many theoretical phencan@h have
found their importance in emerging applicationgli®mical engineering [4]. One of these phenomertlaeisising
nanoparticles [5] that could be controllable by Miftidces [6-10] in microchannel [11] and micro pdiaids [12].
Many applications are open to this area such asepgdant industry [13-20], heat conversion [21-26id
management [26-28] ,and tribology [29-35].

Among nanoparticles, the silver nanoparticles (AgNgre widely investigated because of wide rangdicgiions
such as antibacterial, catalyst, medical devicketgmics, optoelectronics and biosensors [36-38ldlly metallic
nanoparticles are synthesized by chemical, mecabai@ electrochemical methods [38]. In these nustor the
synthesis of silver nanopatrticles used toxic chatleicompounds that can have negative effects oarthieonment
and water ecosystems. Due to the devastating sféé¢hese methods on the marine environment,esiept several
methods for the synthesis of these nanomaterialsi@cessary. One of these methods that's more ¢iepaith
the environment and create less pollution, areobiobl methods. In this method to synthesis medaloparticles,
used microorganism and plant materials that erisiature instead of toxic chemicals [39]. One efriasources that
can be used in nanotechnology and synthesis ofpeaiticles are seaweeds that have variety typehyibphemical
compounds such as proteins, carbohydrates, allalsidroids, phenols, saponins and flavonoids &} key role
in bio reduction of the metal ions into Nano forfroxicity of silver ion has been known for centuriast silver
nanoparticlegoxicity may be dependent on particle concentratjmarticle size and shape and surface chemistry
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[41]. The common carpQyprinus carpid is species of cyprinidae family, native to Asiadaa high economic
importance farming fish in khuzestaan province @fnl According to our knowledge the toxicity of vsit
nanoparticles synthesized using chemicals mettotstier understood than silver nanoparticles ggiekd using
biological methods because the most of the cumesgarch on the toxicity to aquatic organisms leasided on
chemical synthesized nanomaterials. In recent ysexgeral studies have been conducted regardititeteffect of
silver nanoparticles synthesized by chemical methard fish toxicity by Alishahi et al. [42], Ashaiiagt al. [43],
and Bilberg et al. [44-45]. The present study is finst study on the toxicity of silver nanoparéisl synthesized
using biological methods on common carp. The pwepdghis study is biological synthesis of silvemoparticles
using seawee8argassum angustifoliuand determines its toxicity in common carp.

EXPERIMENTAL SECTION

Seaweeds were collected from the intertidal regibBushehr coast, Iran. The samples were brouglatoratory,
cleaned and washed thrice with fresh water follotveide by distilled water to remove the adherintjssand other
associated contaminants. Then the shade-driedusets for 5 days and powdered using mixer grindé}. Mater,
agueous extract was prepared by dissolving 10goefdered seaweed in 100ml of sterile distilled wafene
mixture was heated at 60°C for 10mins, centrifutyeide at 4,000 rpm for 25mins and filtered throdyhatmann
no. 1 filter paper. For the biosynthesis of silmanoparticles, 90ml of 1mM silver nitrate (AgNO3asvadded to
10ml of seaweed extract [47]. After that a coloarye from yellowish brown to reddish or blackisbvan, visually
confirms the formation of AgNPs [47]. Also the sdenfnave been characterized for the constructiosiloér
nanoparticles by using Ultra Violet —Visible Spectr ( Perkin-EImetJv-Vis, Lambda 12) , Transmission Electron
Microscopy (LEO 906E).

Juvenile specimens of common carp with a mean batdy weight of 50-100gvere purchased from a commercial
farm of Shooshtar, Iran and transferred to labeyaté-or adaptation, fish were kept in 150L aquariatn
temperature ranging between 24 andQ5with natural light/dark cycle for 2 weeks andl favice per day with
commercial diet at a rate of 2% of their body weighadvance of exposure. After end of adaptatienagl, all fish
were fasted during exposure and then for eachntiesatt 15 (5 fish in each replicates) healthy fishieneept in 50L
aquaria with aeration. Toxicity test of manufactursilver nanoparticles were investigated at statinewal
(renewed every 24h) condition for 96h accordingtemdard methods OECD [48]. Since the exact amuoiuilethal
concentration of this silver nanoparticle has neerb determined in fish, at first to determining tle¢hal
concentration range, preliminary experiments (ldatment with 3 replicates) were carried out at iEve
concentrations (0.5, 1, 2.5, 5, 15, 25, 35, 45,655,75, 85, 95, 105 mg/LEontrol group was kept in dechlorinated
tap water without any add-on material. After prétiery experiment, LC50 test were examined withedéht AQNP
treatment groups (2.5, 5, 10, 20, 40, and 80 mig/i3) replicate for each treatment. During the 9&dtic exposure,
dead animals were recorded at 24, 48, 72 and 3&hdaalculation of median lethal concentratio€%D) values.

Then LG values were calculated from the data obtainediteatoxicity bioassays, by Finney’s method of Gpit
limits) were derived using simple substitution lpitqa unit of probabili’tyybéséd on deviation frahe mean of a
standard distribution.) of 1,10,30,50,70,90 and@pectively for probit of mortality in the regrass equations of
probit of mortality vs. synthesized silver nanojmdets. Maximum acceptable concentrations calculagskd on the
proposed formula T.R.C. (1984) (LC50 96h dividedly.

RESULTS AND DISCUSSION
After adding silver nitrate t&argassum anustifoliuextract, the brownish-yellow color in mixture tethin to dark
brown color after 110 min (Fig 1). To make sure sgathesis of silver nanoparticles, nanoparticisogfition peak

was measured using UV-visible spectrometer (UV-Wisthe wavelength range of 200-700 nm. The beak peas
observed after 2h of reaction time in the rangé0&f nm, which corresponds to plasmon excitatiothefAgNPs.
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Fig.1. Change of color from pale yellow to dark brown by he addition of silver nitrate

The peak formed in this range represented redudiiagilver ions and after synthesis of silver naambiples using
extracts of seaweesiargassungFig 2).
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Fig. 2. UV-Vis absorption spectrum of silver nanopeicles synthesized by treating 1mM AgNO3 solutiowith Sargassum angustifolium
extract

According to the TEM analysis, average size of lsgsized silver nanoparticles was 32.54nm and praddety
spherical in shape (Fig 3).
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Fig. 3. TEM images of AgNPs synthesized [§argassum angustifolium

As shown in Figure 3, apart from the perfect sglarshape and size all particles dispersion wasl goa well—
distributed in solution and is not in contact wéidich other.

According to preliminary test results that perfodie ascending concentrations of 0.5, 1, 2.5, 5285 35, 45, 55,
65, 75, 85, 95 and 105 mg/L AgNP, first mortalityfish exposed in high concentration were obseafeat 7h. At

concentrations of 85, 95 and 105mg/L, all fish welead after 16, 18 and 68h respectively. According
experimental test, lethality range of these nardges in common carp was determined 2.5-80 mglherefore

LC50 test were studied at concentrations of 2.30520, 40 and 80 mg/L. Fish mortality during 28, 72 and 96h
of exposure were recorded. The results showed fistatmortality increased with increasing concentratand

exposure time. After exposure to high concentratiGht05 and 95 mg/L) fish were showed immediatelgneso
abnormal behaviors such as gill cover movementspm@bal swimming and jumping out of the water andirth
activity were reduced gradually and stayed at tberfof water in steady state, then came to surédosater and
lost their balance finally died. The dead fish la®atural color. In control treatment, all fish slea normal

behaviors and any signs of abnormal behavior weteohserved. Also at low concentrations abnormabli®rs

were lower than higher concentrations.

The first mortality was observed at 24h in a comegion of 40 mg/L. The major losses were obseraedigh
concentration of AgNP (table 1). The concentratérBOmg/L after 96 hours of exposure, 100% mostaltas
observed. At a concentration of 2.5mg/L, the loveestcentration for LC50 were determined in thisigtumortality
have been observed simply at 96h after exposusévier nanoparticles. The results showed that tG8Q_levels in
common carp after exposure to silver nanopartgyeshesized from seaweed Sargassum at 24, 48 dr26mwere
79.54 + 0.007, 52.17 £ 0.006, 30.62 + 0.008 an®4. % 0.016 mg/L respectively. The values of LC1@50 and
LC90 within 96 hours were determined 0.75 + 0.0016,34 + 0.016 and 28.42 + 0.016 mg/L respectivelyich
represents more toxic at higher concentrationt®itanoparticles than lower concentrations. Acogytd Table 2
the LC50 level was decreased with increasing exgome (LC50-24= 79.54 + 0.007, LC50-96= 11.34.61®),
which indicates the lower concentration of silvanaparticles are needed for 50% fish mortality iiitreasing in
time exposure.
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Table 1. Mortality rate in common carp exposed to dferent concentrations of silver nanoparticles adifferent times

Concentration (ppm) No. of mortality

24h  48h 72h 96h
Control 0 0 0 0
2.5 0 0 0 3
5 0 0 2 7
10 0 1 4 9
20 0 3 7 12
40 5 8 11 14
80 6 11 14 15

Table 2. Lethal Concentrations (LG.q9) Of synthesis silvemanoparticles (mean + Standard Error) depending ortime (24-96h) for
common carp

Point Concentration (ppm) (95 % of confidence Ighit
24h 48h 72h 96h

LCy; 36.06 +0.007 15.84+0.006 1.50+0.008 0.75+*0.016
LCsx 61.75+0.007 37.30+0.006 18.70+0.008 4.35+0.016
LCsc 79.54+0.007 52.17+0.006 30.62+0.008 11.34 +0.016
LCyx 97.34+0.007 67.03+0.006 42.54+0.008 18.32 +0.016
LCy 123.03+0.007 88.49+0.006 59.75+0.008 28.42 +0.016
LCos  158.48 £0.007 118.10 +£0.006 83.49 +0.008 42.34 +0.016

The maximum acceptable toxicant concentration (MABCsilver nanoparticles for common carp at ingdsvof
24, 48, 72 and 96 hours was determined 7.95, 328 and 1.13mg/L respectively. The lowest obsemféect
concentration (LOEC) and no observed effect comadoh (NOEC) of silver nanoparticles with maximum
allowable toxicant concentratidMATC) of LC50 values were calculated and compared todhelts of a study of
the factors in the LC50 as follows:
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Fig. 4. Acute toxicity testing statistical endpoirg of AgNP

Table 3. Values LOEC, NOEC and MATC of silver nanoprticles synthesized from seaweeBargassum angustifolium in common carp

LOEC (mg/L)
2.5

MATC (mg/L)
1.13

NOEC (mg/L)
1

Toxicity of synthesized silver nanoparticles by migal methods on fish and other aquatic animals teen
confirmed in many studies by various researcheds5[H. Recently, synthesis of silver nanopartialstg plants
and marine macro algae to adapt this approachecetivironment, is getting more popular [52-53]. rEfiere,
understanding the toxicity of silver nanoparticsmthesized using biological methods is very imgairt In this
study, extracellular biosynthesis of silver nandipbes using aqueous extract of seawekatgassum angustifoliym
was performed. Silver nanoparticles were formedalging Sargassum angustifoliuraxtract to 1 mM silver
nitrate, after that the colorless solution of AgNtDBned into dark brown color, indicating the retimic of Ag” into
Ag’ and formation of silver nanoparticles. Reductidrsitver ions in the mixture is done by some commisiin
seaweed including flavonoids, enzymes, proteirs,[29]. It is well known that the color of silveanoparticles
synthesized using brown seaweed, gradually tumed brown or dark reddish color [47]. Thereforethis study,
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the solution color change from brownish pale yelltovdark brown that indicates the formation ofvesil
nanoparticles (Fig. 1). In this study, after 2 I®af reaction, nanoparticle absorption peak waglewas detected
at 406nm (Fig. 2). This peak represents reductfailwer ions and forming the silver nanoparticlesng extracts of
seaweedSargassum angustifoliunsingaravelu et al. [46] carried out the synthedigjold nanoparticles using
extracts of seaweeBargassum wightivithin 24h of incubation. In a study by Kumar &t[89] synthesis of silver
nanoparticles using extracts of seaw&aggassum tenerrimumione within 20 minutes, which is visible through
color changing. According to TEM images, nanopstidhave an average size of 32.54nm and sphenicdidpe.
The suitable distribution of particles in solutiom TEM images indicating the role of protein invetV in the
biosynthesis of silver nanopatrticles [54]. In préhary toxicity experiments, first mortality wasaged in 7 hours
after exposure at highest concentration (105 mdfLjhe acute toxicity test by WU and Zhou [55]nmedaka fish
that exposed to silver nanoparticles with 29.9 nerage size, all the fish died after 12h at cotre¢ion of 4.8
mg/L and the value of LC50-96 was determined 0.8§7.min this study LC50 value in common carp a#i&posure
to silver nanoparticles synthesized from seaweezta®d8, 72 and 96h, were determined 79.54 + 0.6Q77 +
0.006, 30.62 + 0.008 and 11.34 + 0.016 mg/L re$palgt In a study by Bilberg et al [44] in zebraHi LC50-48 h
of silver nanoparticles was in the range of micamgs per liter (84 micrograms per liter), which tates greater
toxicity of nanoparticles synthesis by chemical moeis compared to this research, because in thbesiatof silver
nanoparticles using chemical methods, several damiised that are very toxic to environment, iditawh, the
toxicity of nanoparticles can vary according to sipecies tested [56]. LC50 results at differenemhowed that in
the first 24h of exposure, LC50 value is alwaysbkigthan the end of the 96h. Therefore it can lggested that the
duration of exposure to silver nanoparticles hasnbealso one of the factors affecting toxicity immamon carp
which indicating that when the fish is exposed tingtant concentration of silver nanoparticles wiithne,
nanoparticles will have more opportunity to inflgerfish. In various studies, the toxicity of silvenoparticles in
different fish species was reported different [&4,5Asharani et al. [43] were reported the LC50ueabf silver
nanoparticles in zebra embroy, 20-50 mg/L at 72lishahi et al. [42] were reported the LC50 valdesdver
nanoparticles in four species @fprinus carpio Barbus barbulusHerotilapia multispinosandPoecilia reticulata
guppies, respectively, 1.12, 0.77, 5.7 and 7.38qu@hahbazzadeh et al. [57], LC50 96h of silveroparticles for
rainbow trout fry was determined 2.3 mg/L. In adstibby soltani et al [58], LC50 value of rainbowutaluring 96h
of chemical synthesized silver nanoparticle wagmeined 5 mg/L. LC50 value of common carp exposetivio
different size of silver nanoparticles (Nanosilsdethan 100 nm) and Nanocid (18nm)) were 73.8 a#8@nfy/L
respectively [59]. One of the reasons for the L@8terences is differences in the size of nanopkedi In a study
by Johari et al. [60] LC50 value of silver nanofides with average size 16.6nm in embryos, larvakjavenile of
rainbow trout were reported 0.25, 0.71 and 2.16.mggpectively. The toxicity of nanoparticles notypdepend on
the chemical form, particle size and synthesis ogbthut also a variety of other factors such adyhe of species,
physiological state, nutrition and dietary interacs, and route of administration [56]. Therefdresinecessary that
the toxicity of nanoparticles in order to have #tdreunderstanding of their effects on the aquaticironment that
should be assessed separately in different spdoighe present study the different species of, fthle synthesis
method of examined nanoparticle was different camegbavith other studies, there it is expected thatresults of
the present study will be vary in toxicity with ethstudies.

CONCLUSION

Toxicity results in this study compared with othesearchers on common carp [42, 59] have been stimtsilver
nanoparticles synthesized using biological methayddess toxic than chemically synthesized nanmest One of
the other reason for the differences in toxicity addition to differences in particle size, coraditiand size of the
fish species, can be due to greater stability @fdgically synthesized silver nanoparticles thatehanany
biomolecules compounds and resulting in less reladssilver ions in water. Also for biological shesized
nanoparticles toxicity is generally lower. In sostedies higher toxicity of silver nanoparticles qared with silver
ions in addition to the physicochemical propertiéshe particles have been reported resulting ¢hease of silver
ions from silver nanoparticles [61-62]. Comparisz@irmortality in fish exposed to silver nanopartglgeatments
with a control group that did not cause any mastalt shows that the only cause of fish mortalitythe different
treatments was the addition of silver nanoparticleswater. Results LC1-99 at 96h obtained in thespnt study at
different times show a direct correlation betweexidity and concentration of silver nanoparticle€1-96: -19/67
and LC99-96: 42/34 mg/L). As well as according gir@imalysis, the upper and lower 50% lethal conegioin of
silver nanoparticles within 96h with 95% confidengere calculated respectively 24.90 = 0.016 and+2(016
mg/L. Behavioral signs including of extreme aciiwitf fishes, jumping from the water immediatelyeaféxposure
to high concentrations of silver nanoparticles ssgghat the extreme stress and rapid toxic effettsilver
nanoparticles at high concentrations compared i@ith concentrations. So fish in response to theséofa and
escape from this condition exhibit such behavisigihs. In a study conducted by the Bilberg et4#] pn the zebra
fish exposed to silver nanoparticles, abnormal bielhal signs and stress appears immediately 30rfier a
exposure, reason for this is cited due to the raffielct of silver nanoparticle toxicity. So thaetfish remained
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motionless at the bottom of the tank and their tieg rate increased and then come to the watemnuoal they lost
balance and fell on the floor. Also some fish beftoss of balance exhibit jump and swim rotatiomalvements
showed that the behavioral symptoms are somewfméasito this study.
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