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Table 1: Results of the lethal concentration (ng/ml) in A. amphitrite larval stages after exposing to silver nanoparticles
(AgNPs). Computed by Probit Software v.1.5 (AgNPs- A: US NANO in Houston, AgNPs- B: Pioneers in Iran, AgNPs-
C: Nanonasb Pars in Iran).
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Figure 2: Comparison of the effects of different concentrations of three types of silver nanoparticles on larval stages
11 of barnacle A. amphitrite, Error bars indicate a standard deviation and non-similar letters indicating a significant

difference between the different concentrations of silver nanoparticles (Abbreviated letters for the company's brand:
Nano A: US NANO in Houston, Nano B: Pioneers in Iran, Nano C: Nanonasb Pars in Iran).
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Figure 4: Comparison of the effects of different
concentrations of three types of silver nanoparticles
on larval stages IV of barnacle A. amphitrite, Error
bars indicate a standard deviation and non-similar
letters indicating a significant difference between the
different concentrations of silver nanoparticles
(Abbreviated letters for the company's brand: Nano

A: US NANO in Houston, Nano B: Pioneers in lran,
Nano C: Nanonasb Pars in Iran).
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Figure 3: Comparison of the effects of different
concentrations of three types of silver nanoparticles
on larval stages Ill of barnacle A. amphitrite, Error
bars indicate a standard deviation and non-similar
letters indicating a significant difference between the
different concentrations of silver nanoparticles
(Abbreviated letters for the company's brand: Nano

A: US NANO in Houston, Nano B: Pioneers in Iran,
Nano C: Nanonasb Pars in Iran).
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Figure 6: Comparison of the effects of different
concentrations of three types of silver nanoparticles
on larval stages VI of barnacle A. amphitrite, Error
bars indicate a standard deviation and non-similar
letters indicating a significant difference between the
different concentrations of silver nanoparticles
(Abbreviated letters for the company's brand: Nano

A: US NANO in Houston, Nano B: Pioneers in Iran,
Nano C: Nanonasb Pars in Iran).
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Figure 5: Comparison of the effects of different
concentrations of three types of silver nanoparticles
on larval stages V of barnacle A. amphitrite, Error
bars indicate a standard deviation and non-similar
letters indicating a significant difference between the
different concentrations of silver nanoparticles
(Abbreviated letters for the company’s brand: Nano

A: US NANO in Houston, Nano B: Pioneers in lIran,
Nano C: Nanonasb Pars in Iran).

b VI Goghl slog )Y je 5 Syo aops 7 IS0 3o
0,8 &S gl Jpame aw b atel VY 05,ks, SO
3 SIES aoyd (Sl a5 was e Ol sl
S Jyame o o 3 e 3 05 Sen ¥ il
s VIO slacdale (o 0g duoy0 Voo guwelS 0,85 &l
3 SIS 823 (eSle (s )3 059 S0 +/VO
g g ey AL ply oyl 4 Jpame 4w
G ke 0 eSSl A TV slacdile
Sl L g ae s YEIO L ply (Sais sy nShe
eV e )3 55 S [ LI L 5z
a5 0g doys FEIVY L pln SaiS asn nShe
US NANO oS4 ol o) ol & Cod
Olzed G (owgebl al>pe cpl jo 05 ovalin

| 0992 YL)MSJJA U‘)’*‘A


http://dx.doi.org/10.22092/ISFJ.2019.118887                         
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.3.4
https://isfj.ir/article-1-1918-fa.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.3.4 ]

[ DOI: 10.22092/1SFJ.2019.118887

w3l solaS Jsmns £ 55 4 Cuans nlis

OolKaa 5 sl

S,fes aldl ol s LUSUL (LSS ol
ol ol Lol sl ooz ans b 5o ISBLL slag Y
&‘ﬁ U"‘ ) o).aﬁ ul)é 5.'14 6}’[4 oo as 3950
$9,Y Ll (o3 5 Dy axgie RV (kb
s bl o3gy Ll s Sinds o oSl
@Yk (2138 Cuwglie 5 05 ool 435 1 e yp 4z S
L Y| sy oo Shan Ll «(Qiu et al., 2005) o)l
O% gobe 4 oyl D3gL (g b, 9 ©i>
Sogtd ol Gul pegase (59 Rl (o e
Olg e85l 5l Gyt e S8, Cews 3l g Jolul
o o»)s.o.; )‘)." ‘) Coomw pj)'{.c )‘\.\Jl> 9 0 g.ﬁ.».’..a.’
Sz 0 ol ssye 80 ol Gl al)d b cdale
2 pSske Y eenlsST 5 SByen ele aisS
(Alishahi et al.,, 2009) w35 5,155 < Le
O sga cdale LSS5, VI3 ple ,o uisen
lali oo B0 sl Jole 0,85 0,356 2 0 6,5 s
wl> Coew (Soltani et al., 2009) el oo i,
S5 olse 4 Daphnia magna sls 5 0,85 ol cpeje
Sl 0aBomy p ot Sl )3 (Sogll Gy Spne
oole U"‘ 65}[) u’_‘a..zAw) o] cmoulm.: as
O cdale b ooy b b s ele aSsjshay il oo
Ozed Wged Olali as e B0 olwl ) o 65 s
a>,51.(Zhao and Wang, 2011) as 5 éls (5)5,L
AYY) (e 5 jeomin plai iy Olagon e
2 gkl Coa glagsesl e i ol o
©o50m B el ol a8 el engs ST 11 als e
Sl (Sleossy 0oy 5 59,Y algs 551 (AL Wl
Lol i Ceaglio 9 59,Y al po cnl 5o Lo puslil (VL
0 43‘)‘ LS?L..MJ Coouw u;‘mewl; c‘..\.l..\.wl; (2 9o ))‘JJ o
$9,Y JolSS Jolpe woliss zshaw jo pol> Godiod s
Olydgl (owlid o pr b Sou 50 4z ST da S L
oblsl cul 1o Casus jo 50 B S pmnslSe 580

ojp> ;o wbyiyy glysaS Sl ()l a4z (2007
Jodo 4y axaS Bshne e nl 4 gl )5l
s e gl ;o beanse 2als 5 Ll 5l 600,65
NS mhaw o o,a Dldgl Y same I (5,00 0 40
5 Oliime g ol Sie 1 Gl azg 59

ool 48 5108 ) sele lasaisls
53 aalllas 990 0,85 D)5 gl g5 A Cons Pl () 2
A Bk Y b ol 9, 2 Geb o
$9d9) A o i 0,550 45 dge askie amphitrite
i 6lls (Soyel US NANO 5,5 g
Oeizmed g Sl 039 JSU)L (59,Y U2y pled  Ceons
Sld 5l e AV 5 1 D) Gesabsl sl ol
N ke a N deglie (bl AT ol & c 08
J>e Job 5o 0yl Olid ol a4 Cond (B Cueglie
A1 Uolye 45 gy ciol anily malS gg,Y il
4 Cand ekl Jole el (V5 V) (LU
L oS lisSs y0,8 sloall o, 35l ams il
clle Probit jIls s 5l eas &l mls 4 axg
3o cels Y (LGCsp) wlil vwoyo 0+ cusSolxl
Jeef boply e o Vg Vods e g0 ol 1o & jglne
Sarow 5 (LS 45 090y lee 50 59,50 ¢/ 0
Ol oo g 5l Sl sl cpl (YLl
@S onl oS osalive al> e 93 (nl )3 G ey S e
Al sy &S (Vo0 0) GuilKen 5 QU 5155 L
A BLL oY ke ol p e S
Ll el awsl calhe wusls, amphitrite
Olime e cdale golidl boas wisle lad puzxen
e g whioe Gl UL slagyY e 9 Sy
S oo il 53 e Coles VI Vgl
Gl g Sl s Ol 69)Y Sl ple a
wslis al>pe o pglie 1) 11 ol al> e iione
51 isged Glaie USLL Coons slagygesl sl oa
30 g MiS o adsl Al e 90wl jo g )Y aS ol
e A ye 403959 9 (s S (5S>
Syl g pgems & Cond Sy 0 Sl wWitus
2l b dslie ;0 (65 0mb Suglie Sl 5l (ame

\Y#


http://dx.doi.org/10.22092/ISFJ.2019.118887                         
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.3.4
https://isfj.ir/article-1-1918-fa.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.3.4 ]

[ DOI: 10.22092/1SFJ.2019.118887

N aplad /o 5 cuus Jla

Ol oMl gale oo

Anger, K., Riesebeck, K. and Pueschel, C.,
2000. Effects of salinity on larval and early
juvenile growth of an extremely euryhaline
crab species, Armases miersii (Decapoda:
Grapsidae). Hydrobiologia, 426: 161-168.
DOI: 10.1023/A:1003926730312

Asnailsodyssey, 2007. Ontario - Oakville -
Hostpapa. http://www.ashailsodyssey.com.
Cited 16 Oct, 2007.

Bar-llan, O., Albrecht, R.M., Fako, V.E.
and Furgeson, D.Y., 2009. Toxicity
assessment of multisized gold and silver
nanoparticles in zebra fish embryos. Small,
5: 1897-1910. DOLl:
10.1002/smll.200801716

Botton, M.L., Johnson, K., Helleby, L.,
1998. Effects of copper and zinc on
embryos and larvae of the horseshoe crab
Limulus  polyphemus.  Archives  of
Environmental Contamination and
Toxicology, 35: 25-32.
DOI:10.1007/s002449900344

Chopra, 1., 2007. The increasing use of silver-
based products as antimicrobial agents: a
useful development or a cause for concern?
Journal of Antimicrobial Chemotherapy,
59: 587-590. DOI: 10.1093/jac/dkm006

Guillard, R.R.L., 1975. Culture of
phytoplankton  for  feeding  marine
invertebrates. In Smith, W.L. and Chanley,
M.H., (ed) Culture of Marine Invertebrate
Animals. Plenum Press, New York, USA.
pp. 26-60. DOI: 10.1007/978-1-4615-8714-
93

\YY

5 Fobo gohw o abiiny laalsl sieils sl
Dyge 3 adlbioe LSLIL S0 ek sla)lislul 3
5 Cemjlaze g osle (ol hie SIS R4 L S
tleent dga 5 locSism T 1 pxa8 Ly I3l ol
Sharma ) el s3ss alice Il L pgas o b 2L 0o
Oldgib og,Seds g ax 51 opllo (et al., 2009
Sin sl 6l Gl esle cnl pad (Jaio con s
@l p b G g Sl odg a2y (LUl g5l
s 53 oy Slydgil nl (605 Sl G
223 bl ik b BB 5 Sidgdas slagide
2ol cplopma Bl g (g slasaly coanl (>
Gy 5 g il Uil 51 590 58 sl latatany
bl e ey Sou jo | shiedan (Jupse e

Dged Al @l,3450

&bo
9 o obddT (S slilie g9 wob (grae
oyt S il e Dl asdlas NYAL I Slos!
sleod)] e adsi slo Shg 5 Sailesl )
sole a=e (Artemia urmiana)aes,! axb s
DOL:  YO(F):  $Y-VO ooyl ol
10.22092/1SFJ.2017.110299
YA o oplicde g.p (G015 wgs . ¢y g7minn
gl @l sl oo D))
9o ol G slegasls p (FesOs) ok
Ol EMes (ol alome Gidg)) e &1 5 (JSU,L)
DOI: YY) YEY-Y10)
10.22092/1SFJ.2018.117175
Alishahi, M., Mesbah, M. and Gorbanpoor,
M., 2009. Study of nanosilver toxicity in
four species of fish. Iranian Veterinary
Journal, 7: 37-42. (In Persian).
Anderson, R.A.,1994. Algal culturing
techniques. Elsevier Academic Press, New
York, 598p.


http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://dx.doi.org/10.22092/ISFJ.2017.110299
http://dx.doi.org/10.22092/ISFJ.2017.110299
http://dx.doi.org/10.22092/ISFJ.2017.110299
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://isfj.ir/article-1-1601-fa.pdf
http://dx.doi.org/10.22092/ISFJ.2017.110299
http://dx.doi.org/10.22092/ISFJ.2017.110299
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwj4hIX_qdfhAhWRKVAKHUh3DX8QFjAAegQIBBAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%2FA%3A1003926730312&usg=AOvVaw1thJB8cyl4auAZjrTpXXUj
https://doi.org/10.1002/smll.200801716
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=2ahUKEwjRv7nRqtfhAhWCJlAKHWWKD0EQFjACegQIBRAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs002449900344&usg=AOvVaw0aAFuuNWPTM4QUXULdURYR
http://dx.doi.org/10.1093/jac/dkm006
http://dx.doi.org/10.1007/978-1-4615-8714-9_3
http://dx.doi.org/10.1007/978-1-4615-8714-9_3
http://dx.doi.org/10.22092/ISFJ.2019.118887                         
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.3.4
https://isfj.ir/article-1-1918-fa.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.3.4 ]

[ DOI: 10.22092/1SFJ.2019.118887

w3l solaS Jsmns £ 55 4 Cuans nlis

OolKaa 5 sl

Hedayati, A., Shaluei, F. and Jahanbakhshi,
A., 2012. Comparison of toxicity responses
by water exposure to silver nanoparticles
and silver salt in common carp (Cyprinus
carpio). Global Veterinaria, 8(2): 179-184.

Kittler, S., Greulich, C., Diendorf, J., Koller,
M. and Epple, M., 2010. Toxicity of silver
nanoparticles increases during storage
because of slow dissolution under release of
silver ions. Chemistry of Materials, 22(16):
4548-4554. DOI: 10.1021/cm100023p

Lang, W.H., Marcy, M., 1982. Some effects
of early starvation on the survival and
development of barnacle nauplii, Balanus
improvisus (Darwin). Journal of
Experimental Marine Biology and Ecology,
60: 63-70.

Lopez Greco, L.S., Bolan™ os, J., Rodr1'guez,
E.M. and Herna'ndez, G., 2001. Survival
and molting of the Pea Crab larvae
Tunicotheres  moseri  Rathbun 1918
(Brachyura, Pinnotheridae) exposed to
copper.  Archives of  Environmental
Contamination and Toxicology, 40: 505-
510. DOI: 10.1007/s002440010203

Marechal, J.P. and Hellio, C., 2011.
Antifouling activity against barnacle cypris
larvae: Do target species matter
(Amphibalanus amphitrite Versus
Semibalanus balanoides)? International
Biodeterioration and  biodegradation,
65(1):92-101. DOI:
10.1016/j.ibiod.2010.10.002

Mathivanan, V., Ananth, S. and Ganesh
Prabue, P., 2012. Role of silver
nanoparticles behavior and effects in the

aquatic environment, A review.
International  journal of research in
biological sciences, 2: 77-82.

Nasrolahi, A., Sari,A., Saifabadi,S., and

Malek, M., 2007. Effects of algal diet on
larval survival and growth of the Barnacle
Amphibalanus  (=Balanus) improvises.
Journal of the marine biological association
of the UK, 87: 1227-1233.

Piazza, V., Dragi, l., sepcic, K., Faimali, M.,

Garaventa, F., Turk, T. and Berno, S.,
2014. Antifouling activity of synthetic
Alkylpyridinium  polymers using the
barnacle model. Marine Drugs, 12: 1995-
1976. DOI: 10.3390/md12041959

Qiu, JW. and Qian, P.Y., 1997. Effects of

food availability, larval source and culture
method on larval development of Balanus
amphitrite.  Drawn  implications  for
experimental design. Journal of
Experimental Marine Biology and Ecology,
217: 47-61. DOI: 10.1016/s0022-
0981(97)00037-3

Qiu, J.W., Thiyagarajan, V., Cheung, S. and

Qian, P.Y., 2005. Toxic effects of copper
on larval development of the barnacle
Balanus Amphitrite. Marine pollution
Bulletin, 51: 688-693. DOL:
10.1016/j.marpolbul.2004.11.039

Savari, R. 2011. Preliminary study some

reproductive charachteristics of intertidal
barnacles species Amphibalanus
amphitrite, Microeuraphia permitin in
Persian gulf Bandarabbas seaside. Phd
thesis, 120p. (In Persian).

YA


https://doi.org/10.1016/j.marpolbul.2004.11.039
https://doi.org/10.1016/j.marpolbul.2004.11.039
https://doi.org/10.1016/j.ibiod.2010.10.002
https://doi.org/10.3390/md12041959
https://doi.org/10.1016/s0022-0981\(97\)00037-3
https://doi.org/10.1016/s0022-0981\(97\)00037-3
https://doi.org/10.1016/j.marpolbul.2004.11.039
http://dx.doi.org/10.22092/ISFJ.2019.118887                         
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.3.4
https://isfj.ir/article-1-1918-fa.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.3.4 ]

[ DOI: 10.22092/1SFJ.2019.118887

N aplad /o 5 cuus Jla

Ol oMl gale oo

Sharma, K., Yngard, R.A. and Lin, Y., 20009.
Silver nanoparticles: Green synthesis and
their antimicrobial activities. Advances in
Colloid and Interface Science, 145: 83-96.
DOI: 10.1016/j.cis.2008.09.002

Skaphandrus, 2007. Dublin - Giglinx Inc.
http://www.skaphandrus.com.  Cited 28
May, 2007.

Soltani, M., Torabzadeh, N. and Soltani, A.,
2009. Toxicity of nano silver suspension
(nanocide) in Rainbow trout. The first
international congress on aquatic animal
health management and disease, 27-28
January, Tehran, p112.

Zhao, C.M. and Wang, W.X., 2011
Comparison of acute and chronic toxicity of
silver nanoparticles and silver nitrate to
Daphnia magna. Environmental Toxicology
and Chemistry, 30:885-892. DOI:
10.1002/etc.451

Y4


https://doi.org/10.1016/j.cis.2008.09.002
http://www.skaphandrus.com/
https://en.symposia.ir/ListCity/98/1
https://doi.org/10.1002/etc.451
http://dx.doi.org/10.22092/ISFJ.2019.118887                         
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.1.3.4
https://isfj.ir/article-1-1918-fa.html

[ Downloaded from isfj.ir on 2025-08-12 ]

[ DOR: 20.1001.1.10261354.1398.28.1.3.4 ]

[ DOI: 10.22092/1SFJ.2019.118887

Iranian Scientific Fisheries Journal Vol. 28, No.1

Toxicity effect of three kinds of colliodal silver nanoparticles on barnacle larvae Amphibalanus
Amphitrite

Sadeghi F.'; Yosezadi M.*; Mashjoor S.""

“sakynemashjoor@gmail.com

1- Department of Marine Biology, Faculty of Marine Science and Technology, University of
Hormozgan, Bandar Abbas, Iran.

Abstract

In this study, the toxicity of colloidal silver nanoparticles produced from three companies (US NANO,
Pioneers, Nanonasb Pars) in the larvae of barnacles Amphibalanus amphitrite was evaluated using
standard OECD. These crustaceans are important economically and ecologically. In this research, the
LCso within 24 hours for nauplius stages 11, 111, 1V, V and VI examined against toxicity of the three
types of silver colloidal nanoparticles. The results suggested that the calculated LCs, of silver
nanoparticles from US NANO company for naupli I, 1II, IV, V and, VI, were 0.077, 0.046, 0.071,
0.006 and,0.009 mg/ml, respectively, and the LCs, of silver nanoparticles from Pioneers company for
naupli 11, 111, 1V, V and VI were 0.122,0.5, 0.402, 0.013 and, 0.023 mg/ml, respectively. The evaluated
LCx, of silver nanoparticles from Nanonasb Pars for naupli, I1, 11, IV, V and VI were 0.259, 0.037,
0.018, 0.019 and, 0.017 mg/ml, respectively. This result indicated that silver nanoparticles of US
NANO companys have been the most toxic on all larval barnacle stages and should be reviewed in
correlation with the environment management products of silver nanoparticles.
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