[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

¥ ooolad/cda 5 s Jlo (DOI): 10.22092/ISFJ.2018.117175 Ol oMt ale alas

(Fe30,) Cuiisio &8930 (7T (s gamilow gww S (31 3
(5d95) o3y T g (JSG3L) o T G j sl 3

Y . \ES N ‘e \ &
Alide i (TGl hu g o2 0 i S

mortezal10110@gmail.com™

O‘)f‘ ‘wl:LCJA:\:ﬁ ;Olg}o).& blg.aid‘é ‘u?'.l:‘JJ (:)\9:"5 K ‘AJJ-C QM‘J “ﬂ)d U-A-um C.\-l-uf:) QJ;—\
Olosl Slsal Hlsal ol an wagd slK23s (3 aaly 6023l AKSLe 50 o sle 65 S Y

WAV et ) 1ol sl AARVSRIECH ISR Igle

(XN

S STy Sl e Sl pis 5 35 S Cusgioa (T ol & 0L $U Aala, dlsl 4 ey
O s (FEs0s) coun 3 56 1T O grilom s S bl 28950 55 o] Ohiazog 3 b OT Jlozm] 2y 3
Brachionus ,iss, s (Us2 T _==l) Amphibalanus amphitrite JSG,L ¥ O dae S5sSSMs5
Tov e @A) Jee gbacdile b ol ol s 8 Sl (sd I /e T aesls) rotundiformis
GOSN 55 (B 5 9 okd g LSS 0 s g Sl YE el s NS SRCH YR T GEA R pfgl:*’ e
FA LY Sbj o3l 55 SL3SE Comm 4 E gl Comlas (Saly 2 @ ady) 38 Yoy UL LU or) S0
5 UL ol aY e D3 b e SIS s O Ll sy oo mls b ghil el
Obs o glis 5 ol axils dlis a0 1) a8l g, (20sbas Oby Sue (Rl b 5 clile 2al381 b ass, Oblyy
FA S g (@0 M) Clle o 5V s e S EF s )b (pRO.05) il o3y Jls pmn als 055 5 slass
5l ke .l e3sy (ECsp>Veemg/l) ¢S a5y, 5o 5 (LCso= f8570 MO/l) 7Y il b SLL 5o sl
PSR B JP UM PPN SN IR STCHE SR I PR SRS mB 2k s, s UL slo S el

5,5 N SSO 5

395 Fe304 3l ¢y gSiMygh; o siumj aSLd wuaw S GAS WA

e oy

Y FY


mailto:morteza110110@gmail.com
http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

i€ SIS0 (T & sreailin o e (b5 )

OOKan 5 5 aiie

bon b g laji, plai jod I b op s Of a3lo
Slg s pli oLy 5 4ed ool o ol alis
demeST ly360 Copons SIS 4y Cnd L JSB)L (52000
ol gl oo Slee ogles g Fez0y bl Q.a:—l
2 el Oglite gyeh b plalae o S
LSyl 5 iy, Sl el i Gl ghe
Sl A wes bete 5 (gSws S (Sl
(e g 0dgad > GgT slloze 31, dﬂ ooy
il Of Gyt ,0 dieslye i3k 5o 1) sals
a8 Sllae ales> 51 (Baker et al., 2014) ol

2ol il g ahd 6l b bl s 3l sl
Hicks ¢ Snell  _zags cusl sos 5,155 la,ad,,
1 59, ¥ o 4 aS Brachionus manjavacas
L 1,390 cilaiilys wing 48,5 )18 I3 ol (6 e
9 00905 Zuo 09> 009, § odxs ;O |) J..uayb AY o)‘L).S‘
033 o)lps slacdl 4 1) jegl TV ojlail b &l 346
a3l ol dats g Lz y0 ¢g, ol 5l as Jlal se>
JRCO ENONN I P TORRCR R FPSRY RN JLRE PORCOE
2 ldsl Sl L bLs) s i lE Ssane dles
oL Ses 5 Bhargava sletass; 4 olsise b JSU)L
PMMA &gl obs, alawly 45 sges o Lal (Y2 1A)
o 09 PTE i jsls 5, L ooud gjal S,
as ol Lz Amphibalanus amphitrite st
Ol 09y JSUsk (s 5o Jolye Jsbo jo 350
Slydgl i Caem LS (Jb ol b owslal
9y ol 5l el DSl o JSU,L o (FEs04) ke
Coom (gh)l yo pRAn (el (b ol haghy o
Coife D3l ] Ggeelimge (S9SN 5il
2 Jetie Joe GeSOgs; il 5o 5(Fes04)
5 o, ol 45 B. rotundiformis e,
FUL 5,Y 5 O Uysd I linpmd glo ol (asls
sl ol o Kidgdg Sk aLlz) A, amphitrite
20,8 oslaul (b

“_Perylene tetraester

EVRY-I

Slgegl 1y 5 adgi wdy ar g, SRl a4 Lk
2 bliie 58T 98T S5 szmen (5518 slaaens]
2 6ol g b (Fes0s b cosie) gl oliae
Caoio 5 S jlazme (gilug I o Sh 5t sloojs>
(Bulte et al., 2001) MRI' (¢ ls,peas o]
(Sunderland et al., ols -5 JUsl < piSbynse
GVl g adkal 0 bodlgl 5 2006)
Sk Lmle, 75 [(Adeleye et al., 2016) ol
s eiie) ENM oot pwsige @l,396 LA-YY
(Keller and Lazareva 2013)(;,al ouST ol 340
Sl sy b bLs 1 o beosls § Sledbl jog SSU
Jlil s 9 coiiSe O ol Jlsl i
Glopsiian jo Ghitetus; b gl apzlse 5 (o ytws
shemacin; Slblie bl Sspb 5 Coeal il
2 1 ean ¥l gaaz b (lsie & dlge 5ib S
399 41,2 clal Lo laizgd (b o lap B slups
G st 2l oy Coles 0 5 S 4 olse ()l
A e pilolal gpl bpegldl 5 el
L, o 956 (Ju-Nam and Lead, 2008) .,
bl ol ST Shdgh coenw Sl L
UL 5 5y, o9z adls slapssidlss; Fes0s
oSl ot i ol gl 53 GBI
Sdles Olpsd 4 Cand ples Sl slaasly
P8 aes GeSLg; bl ol e
S SIS (oolidpmpngl 0jo> 5o 23 sla Lo
S5 oz GESg; sladae 5l eslil

5 &,2y2) (Artemia spp) Las,1 s(Daphnia spp)
Blinova ; Y40 ,Ken 5 gaeme ;Y20 ), S
et al., 2017; Zhang et al., 2016; Nogueira et
al., 2015; Gambardella et al., 2014; Zhu et al.,
3929 opl b .ol oo &l,1 2017; Liu et al., 2017)

SeogSNy s (i iSTy b BLEE e et

L_Magnetic resonance imaging
2-Magnetofection
%_Engineered nanomaterials
\FY


http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

Ol oY ol alas

et e g sl Garailivgn So & Slitws lp
5ol ans sbS el Fes0p ol gl asas
3 el gl gl oliws jo el ¥ oae 4 lacdale
s Vo W) Luls L (oW Elma)y b sle> g4
s g, Il Sloy Jolsd by (F-kHZ
(Hao and Chen, wos coSogw (aids Yeil+)
(JSUL el FA (o Coas (5051 55kate 42 2012)
Sloy 03l yo elee iy g 4 (Slos anl i 5l
A wsS @l Syl Sidsiy sl slassy i
oy b Kiw a4 4 saw> 45 amphitrite
slo Blo 5l e oBalesl o 5 ek gpsleex
st AP O L b e Syl sbaiss
Sr 90 S5 Bgib (19,0 S (nl (e D
®9m 5 Yo %0 5,65 5 YO°C slos b ol (s
VW CldS 5 e (@l =Y S8) s S 15 el
I byl cwsebl o oleS o535 o5l slog,Y celo
Sk ol b g Wil cote oI55 sl JSUL
4 g 0 §yslaex ol ool b g 5l () alass
aslsl ;o (Chen et al., 2008) w5 Jate pio SO
Loalis 5505 S by rieteas B b
057 Slncdes Slp et SlaS 5 (oo
Sylailiwl sgein, L @lae (Daphnia spp) sl
"ooladl g Sen 5 drwg Glojle” VoY o kel
coife o3 5l 5l Jlse slacd, (OECD, 2004)
A e B e Yoo N ee B Vel e) lackile o
Jsbo S slacady laSaly (9,8 51,550 5o (2]
sl (@3 6l a3l) wals 05,5 Sluisl L als YF
50 0,8 adlsl SUL LU0 Sal> o 4 g o0ys S
Gy p Gllae 5 saSy, diele TA L (orelen
5 Snell solpin 4o 4 (Snell, 1998) o lailes!
S .5 B. rotundiformis a,s. ;I (¥+1VY) Hicks
9 5SS (Sliind ol 51 Jb slojisy) b ool
3 g odd dd e plel s 2b)s lele (B9
SAY YA-YYOC sles YO %0 (5,55 b ol )0 3500 ol

0335 gy iS5 Bas 4 base (S 5 PH- VA
VFY

2B gy 9910
Ohd gl Sy obew 5 Al jog ol addllas o
Oy 4 oS (Fes0s) cuife cwblian ool o]
o9 1A ogs ax s b wlad oy slend
IS g el VO-Ye &3 ojlail oagaze b iy
ol (55,00 US NANO 508 Jsame) (55,5
WSS pemes Jpame Gl Gl SRy S D
ey, 5l eslaul b l)d ol ojlasl g SIS a0
(Transmission ~ Electron o la5  Sg.8U
00,5 Lisiw (K,.1 FEI) Microscopy: TEM)

Chemo-FesOMgNPs —

Sl j0 mablise (o dwST Sl)dgl 51 ol (I o) S
(TEM) 0,135 (Jg,55d1 95w Sone yr 9l (0 csoigls 9 (5091

yogili Voo wldio o wil)ydeili
Figure 1: A- View of magnetic iron oxide nanoparticles in

powder and colloid state B- TEM image of nano- Fe;O,
sample (scale:100nm).
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Table 1: Physicochemical properties of magnetite
nanoparticles (FesO,) provided by the manufacturer (US
NANO).
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Figure 2: View of the barnacle, Amphibalanus amphitrite (A) and rotifer, Brachionus rotundiformis
(B) hatching and rearing laboratory conditions.
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Figure 3: Photomicrograph of the barnacle, Amphibalanus amphitrite (A) and rotifer, Brachionus rotundiformis (B)
revealing the accumulated magnetite iron oxide nanoparticles inside the stomach after 24 h of exposure to magnetite
nanoparticles. (A) control group with empty gut, and (B) Treatment group (400x magnification).

—t— + mgl
) -l )+ mgl
:_\ J A~ O+ mgl
(A A
3, - [ . g 1 Yes mgl
) i o /l * Yeemgl
by s ] W T =0 ome)
2 i el l i t
5 oo I
. e L
! é =T T & el
9 WY ve s A
ole; ()

S Ol 343l cdale g Loy ! 38! yil cxi’ (Brachionus rotundiformis) yaudigy ywe 9 S po &5 :F JSCi
Figure 4: The mortality rate of rotifer (Brachionus rotundiformis) is influenced by the increase
in time and concentration of magnetite nanoparticles.
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Table 2: The mortality rate of barnacle (Amphibalanus amphitrite) is influenced by the increase
in time and concentration of magnetite nanoparticles.

silogls Glojoye (MQ/L) cdall] a0 9 5 o oy (EC;-E)
mg
(LA.CLM)) . Yo O Yoo Yoo Do
Amphibalanus vY e ot VelYEe/d N[k )Y YEeke )Y )oY SATIN
amphitrite N N . . . .
(nauplii) A o Y RES TR & 7AC=00A NN & ) =SV AN JRE =00 S 2 JRE = N ¢ 201N

AN


http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

i€ SIS0 (T & sreailin o e (b5 )

OOKan 5 5 aiie

GiSeny Wl ol bl () Jsas)
b (b )b) (olond CoiiSe D39l uloliseg iSl
LT S a5 5 (ke ) oo (b slis
ol bl (ROSY) (3081 Jlsb slo €555 o
Ho olosles lawgs oads &l gomaiws 4 i
! » e (United Nation, 2009) IS, el cosio
LCsp L ol caoms sylo (bl yo ol eols azslis o
il o puf Slge > b Ve MY/l es 42 h
05,5 ;0 FE304 lpdgl ols Guiss 0 w05 o
350 S5SLs; oLl Gly gomnd sl oanYl
L bl o 5 plie @b S Sl (el
2bo 53 ol aenST LS U @l gmaibingnr Soon
D. s B. plicatilis ,a55, oygmen bagSidles;
Cool ool 155 AL saline Lws,l 3 magna
Nogueira et al., 2015; Blinova et al., 2017; )
Uk Jaled 51 o (Gambardella et al., 2014
$U G5B S Jomily S925 n e ol
SS9l als glaselS § ez canlive FE304 &I)d
039y ohlale bl L8168 syl g same jo CiiSe
50 Olal e, Jlam! bYs alex 5l wilgs oo a8 conl
SESBs5 bl ol (538 8 e il Gl ol
% 9009 Olly> (Bl 09 52 Lad)l 5 (s wiilea
2,008 5 aiwe obild adas (L3, Glls @dss
ol b by Sliden; g g iSL dasil>
E5 B 35 5 ogsSee SoIV= Y g YooY /YYD
sled @i 1) 09,8 B0 Sl 38558 ojlail b sle)d
5 o3 b ojlasl JA (Vadstein et al., 1993)
Ll ) ol 5 onss 4 Ll 3si5 5 i Ulss
WS (GlodisS et ik aysil Camens ST S
Olydgl wis el ol 5 (Snell and Hicks, 2011)
sl o3gai ol Sl |y laggiSidlg e
L3 b ol el oanlive LB Y S o oSy shilon
ol losgy (sl g poluwgdgu (S0 Sle 4 Silatuilys
2 9zy opl b ol adls Seb SeSOLgS; ol

!_Reactive oxygen species (ROS)

osal 55 55 (LCsp) lals 70+ (goaisS olmyl cbile
s gl b g)bs, el YA 5 VE 51y ISUL
Fod 30 0,5 o $FFIO g OAYIA il cod a4 Coiiss
5 esw] Gty @bl L JSB,L S (Y Jgoz) o
St lyS 6l L il aele YA (g5ks; 5 Lo yads,
69> U o jadg, pn ld ¢l cpl Caoms oS ols oyl
ol GRlBl b il s 5 Sye £ g 00g Hknas
0 5 el L s cele FA BY 51 o slne

(F JS8) dusy 5 (ECs>) + - -mg/l) 7X'F

5 e (Y2)Y) OECD osgain, 5l (59,m slil, 5o
Slge il e Clighpn et 5 (oolidpmps:
ol 5l G Sl g by o Cew) bame o
LBl o s gl sogaome Jomns Sl g,
Syt i oy b jhas il b))
L)l Gozen G5SBhs5; ol o (olerd)
<8l o (Gambardella et al., 2014) Artemia spp
(Blinova et al., 2017; Zhang et Daphnia spp
Slee a4 gl cpl g Casl 039 04>90 al., 2016)
Bl 5y (elidppnsl 65l ladas
2 SiAl s esle pya 0 Al (BanSSyae 09,8
N2y55 0 ooter Sl oSl 5l bl 2138 slae o
slge ol (Sawms Jlul s Syl aulgs oo g Wlosss
(Zhu et wasl 13 Glaoyuzi; §YL Zobhw 4 o>
Coms s pol> anlllae [0 g, o0l 51 @l., 2010a)
3 J%e £35S g8; Hlailzg yo FE30y &ljd b ol
el w5 anglio 5 bl Gnyed 5 555 sl &
b Comow SISl aS w0 o ylid ogh cpl 5l Jeol>
ASsy Olig g ISk el 95 ceiSe )3
039 CoitiSe )5 L L as5ks, ploy 5 ke ) (b
Gl g0 ol jo Sl F5 a azg b oolge 6b pl g
ol slosls 59 1y (SeSg; Cae 5l alaJenily
Colled g SaS Pl Wiy o alidaew olg
(Ates et al., 2013) sl ojlasl ,o @Iy SIS
b5 Jemily popiie o> 4 mhio Sl il

V¥F


http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

Ol 2l pale las

{Lapresta-Ferna’ndez et al., 2012) wloass axuils
ol ol gl )3 el &l bt » Ly ey (Rl L
9 & gl Ddx )3 (558 4T Sgy00 5 Jleio]
33 b USLL same jo @3 6l i gas ol as4lS
2 0l e @liaems ol @ 4y bajinds, b S
L 1,; {Lapresta-Ferna'ndez et al., 2012) ol
Sl L Gl o pes ol S8 pop tin 4 4y
2 b @iled (B olaad Gl Gl a4y g n et
doliw ol jol Of GlaggSidhs; ()l sl
Ol slapysSidle; 4 Cow Sl 5 bssls
poCeiiRe ald Pl gies Cdm g Candd (e
rrats (359 5 ol GlaneSidg; o piles
@ e el ol g el eols Gl L ol oyl
a5 50 g (Zhang et al., 2016) (g3, 51 (5 i
Sl oSl sban b (Wl o Wil e 5 Spe 255 al33l
Coniid Ol auglie 505 ¥ USS 50 005 s0 e
o ieis) 41 o b JSUL el 2tife 35k
The 0 Coew Gop y SlFee 5 S
Caron gl diged (lyie 4 g 2Bl IS 51 Loy S 55
cble o Al salina L, (LU o coufe @l 346
0,366 mhaw Gz g ol )55 L s o- - mol/l
(Mashjoor et al., ois coalice 5o Sl wilas 4
slcauw! a8 Sgud oo 00l o 3l ksl slogyg Joo
SlaS 5 R 58 s Joke slid n ]y loans IS
ool b Bl o Baes g olse 3)ly (Jokuiys)o
5,5 030l (S8 10,39k Canbs 9> ilise (sla,giS
OS] 5 Lod w5508 ez (e sloysiSl (S g
Loohs ob sl oSeny g, ol 51 il Jolxe
Solite @S (e 9 90 Slool )0 Fu loesyy
(Lapresta-Ferna'ndez et al., <ol ools lis |,
VFY

s (Y F) ol Kea 3 Gambardella ;5 M=
o oIy oy Lail (slaunhl s Al
b i Jenilty (0505 b (glo 35 (glaes IS
30 el oaiidu haws Al saline 1) cunfe @l)d
A SldSLl @Y b ol 5 ol alae
Sy o0 b g Sl ooy oLy yo el ol L @amphitrite
(owbs con, glagla 5l Lol baee  olids
& o BUSLLL 5> (5 solme S5 5 Seagili
D. sozen layasy, o b Sib 5o 1n) il lales)]
b g ais Jloza o> U sloss, (5,lxe Magna
(Zhu et al., sib o pebinn 5 Cosly S lalos ]
ahlal> cpl gyl 5l 2010b; Lu et al., 2018)
Gl b g aieo plodl solad 4 1) &8s Jae ailled ol
0,090 Slaerd (Fad peam> g S 5 Ojglre (o
o 5 e Old iz 4y ol s ol ol e
azgi b ogr walys S ye ay psSione I g alil pad ado
$U 5l g bons Shle Gl ol Gdod aS) &
g Cal ools i 1) (Vom0 MO/ coiSe )3
LSLL 2 1) i Cosw Sl OIS 6L
loyass, 4 Comd (Yo )0 b ool asl)
Seyese ol wlesls la (s sl Sl
5 Caiife il Gl ole, Jdaoxe Can lassly
25 S Shaetar JB 2l i) Glaptees
Slp sns cwl (See Jose GYsb sk,
Wgd guie (PS5 Slacerez plgs g oo
L Shdgl Cooms (Al (Siuly b BLS1 55 ogdle
Salslae Jelse Lolal a5 cosls ax g5 Canl o (6,5
2l g SSbuly Sl o Sy s 0 e S
25 Sl g8 ped glol o wld gl (xla
WDy gl b GSeny (b syeh 25U (n et &l
3 %o ~saSels SIS D39l 6l Shals
S iS1 50 g Cuslyl (55l gy AT g g O
$U S Jrowi )3 Jolge cnl 5 oo all sla 3155
P sk it 2l & S e Glac] o o)

L_Elimination


http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

i€ SIS0 (T & sreailin o e (b5 )

OOKan 5 5 aiie

DOIL: yYo(f):  #Y-YO  olpl O
10.22092/1SFJ.2017.110299

Adeleye, A.S., Conway, J.R., Garner, K.,
Huang, Y., Su, Y., and Keller, A.A., 2016.
Engineered  nanomaterials  for  water
treatment and remediation: Costs, benefits,
and applicability. Chemical Engineering
Journal, 286: 640-662. DOI:
10.1016/j.cej.2015.10.105

Ates, M., Daniels, J., Arslan, Z., and Farah,
1.0., 2013. Effects of aqueous suspensions
of titanium dioxide nanoparticles on
Artemia salina: assessment of nanoparticle
aggregation, accumulation, and toxicity.
Environmental Monitoring and Assessment,
185(4): 3339-3348. DOI: 10.1007/s10661-
012-2794-7

Baker, T.J., Tyler, C.R., and Galloway, T.S.,
2014. Impacts of metal and metal oxide
nanoparticles on  marine  organisms.
Environmental Pollution, 186: 257-71. DOI:
10.1016/j.envpol.2013.11.014

Bhargava, S., Lee, S.S.C., Ying, L.S.M,,
Neo, M. L., Teo, S. L.M., Valiyaveettil,
S., 2018. Fate of Nanoplastics in Marine
Larvae: A Case Study Using Barnacles,
Amphibalanus amphitrite. ACS Sustainable
Chemistry and  Engineering, DOI:
10.1021/acssuschemeng.8b00766

Blinova, |., Kanarbik, L., Irha, N., and
Kahru, A., 2017. Ecotoxicity of nanosized
magnetite to crustacean Daphnia magna
and duckweed Lemna minor,
Hydrobiologia, 798: 141-149. DOI:
10.1007/s10750-015-2540-6

S &4 L (Ao (S j5in 2z y» 2012)
T 5 oo ool3T slovygs 4 by yo yle 4> B l)3 4
5 bl wilgs o D3 g 0g 4 Lo ol ax g

aS e Slptiy (Y44 2) oLen 5 Kim Leul) s
3 o5b 2 leST 25 s & 0,8 O3 g Copas a5
S92 ol bl (Ggr 08 oo I e (253 )
Olydgl 4 ams lis alules gladlae g (S
ey slocble o (Me(O)NPs) (o368 (slaurns]
ol walyz 550 ) Glislags 51 5V (e are
Ry (NOMY) ol 1 dlse j92> 1)
& sleolileen » homecen; slaSamn
(Baker et soisy Joaws 1) O3 5l Cons S5 o
@ 5 1y gleais s i slasls 4 al, 2014)
SRRg5y 45 Sged Olgie Glgiee Ll jo 0,108 ol
L8, Sl ewlidpuopgigl Syo g Guils sl eud y ol
P T L RSP RIN-SL ORLA PR TV FRLIVONWINP SR ERU g
GFShg; phlailr &5 wes e LA el g el
$b SaoVl Glil 4 o bojads, 5 LSULL oz
Slarls wilgie 5 00 iyl CoiiSe DS
$U ol il SIS st Sl oonlin (G
ooy il 5lanil o slaglilups 4 olge

235 o0 dpogi Sl slaiagh ple ;o Wl 5l i

&b

@r .\Vﬂ& .J s@lfo 9 .b 5‘;’;.0&; 4.8.‘}4 sd)&?
JEl g Las )T 8 (g9 0mST &l,35i0 coilil colls
(Danio rerio) s ,>,s5sils ale a4 ol (gladss
DOI: YOO ): YV-Y oo)lpl odled oo aloxe
10.22092/1SFJ.2017.110220

9 & 4)[.?.&\31 S c’b&& SIH9 "Q:’ (GO0
oy OlyS gl pege Sl asdllas AYAD Ll Giloy!
Sleodl e s sl S 5 (Sailesl s,
ol alxe (Artemia urmiana)aes,l axl o

L-Natural organic matter (NOM)
YA


http://dx.doi.org/10.22092/ISFJ.2017.110220
http://dx.doi.org/10.22092/ISFJ.2017.110220
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/10.1016/j.cej.2015.10.105
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ates%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22810381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22810381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arslan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22810381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farah%20IO%5BAuthor%5D&cauthor=true&cauthor_uid=22810381
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farah%20IO%5BAuthor%5D&cauthor=true&cauthor_uid=22810381
http://dx.doi.org/10.1007/s10661-012-2794-7
http://dx.doi.org/10.1007/s10661-012-2794-7
https://www.ncbi.nlm.nih.gov/pubmed/24359692
http://dx.doi.org/10.1016/j.envpol.2013.11.014
https://pubs.acs.org/author/Bhargava%2C+Samarth
https://pubs.acs.org/author/Chen+Lee%2C+Serina+Siew
https://pubs.acs.org/author/Min+Ying%2C+Lynette+Shu
https://pubs.acs.org/author/Neo%2C+Mei+Lin
https://pubs.acs.org/author/Neo%2C+Mei+Lin
https://pubs.acs.org/author/Lay-Ming+Teo%2C+Serena
https://pubs.acs.org/author/Valiyaveettil%2C+Suresh
https://pubs.acs.org/author/Valiyaveettil%2C+Suresh
http://dx.doi.org/10.1007/s10750-015-2540-6
http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

Ol 2l pale las

Bulte, J.W., Douglas, T., Witwer, B., Zhang,

S. C., Strable, E., Lewis, B.K., Zywicke,
H., Miller, B., van Gelderen, P.,
Moskowitz, B.M., Duncan, 1.D., and
Frank, J.A., 2001. Magnetodendrimers
allow endosomal magnetic labeling and in
vivo tracking of stem cells. Nature
Biotechnology, 19:1141-1147. DOl:
10.1038/nbt1201-1141

Chen, J.D., Feng, D.Q., Yang, Z.W., Wang,

Z.C., Qiu, Y. and Lin, Y.M., 2008.
Antifouling metabolites from the mangrove
plant Ceriops tagal. Molecules, 13(2): 212-
219. DOI: 10.3390/molecules13020212

Gambardella, C., Mesaric, T., Milivojevic,

T., Sepcic, K., Gallus L., Carbone S.,
Ferrando S., and Faimali, M., 2014.
Effects of selected metal oxide
nanoparticles on Artemia salina larvae:
evaluation of mortality and behavioural and
biochemical  responses.  Environmental
Monitoring and Assessment, 186: 4249-59.
DOI: 10.1007/s10661-014-3695-8

Hao, L. and Chen. L., 2012. Oxidative stress

responses in different organs of carp
(Cyprinus carpio) with exposure to ZnO
nanoparticles. Ecotoxicology and
Environmental Safety, 80, 103-110. DOI:
10.1016/j.ecoenv.2012.02.017

Ju-Nam, Y., and Lead, J.R., 2008.

Manufactured nanoparticles: an overview
of their chemistry, interactions and
potential environmental problems. Science
of the Total Environment, 400, 396-414.
DOI: 10.1016/j.scitotenv.2008.06.042

VFa

Keller, A.A., Lazareva, A., 2013. Predicted
releases of engineered nanomaterials: from
global to regional to local. Environmental
Science and Technology Letters. 1:65-70.
DOI: 10.1021/ez400106t

Kim, S., Choi, J.E., Choi, J., Chung, K.H.,
Park, K., Yi, J.,, and Ryu, D.Y. 2009.
Oxidative stress dependent toxicity of silver
nanoparticles in human hepatoma cells.
Toxicology In Vitro, 23: 1076-1084. DOI:
10.1016/j.tiv.2009.06.001

Lapresta-Ferna'ndez, A., Ferna'ndez, A.,
and Blasco, J., 2012. Nanoecotoxicity
effects of engineered silver and gold
nanoparticles in aquatic organisms. Trends
in Analytical Chemistry, 32: 40-59. DOI:
10.1016/j.trac.2011.09.007

Liu, Y., Fan, W., Xu, Z., Peng, W., Luo, S.,
2017. Transgenerational effects of reduced
graphene oxide modified by Au, Ag, Pd,
Fes04, Co30,4 and SnO, on two generations
of Daphnia magna. Carbon, 122: 669-679.
DOI: 10.1016/j.carbon.2017.06.087

Lu, J., Tian, S., Lv, X., Chen, Z., Chen, B.,
Zhu, X., and Cai, Z., 2018. TiO,
nanoparticles in the marine environment:
Impact on the toxicity of phenanthrene and
Cd** to marine zooplankton Artemia salina.
Science of the Total Environment, 615: 375-
380. DOI: 10.1016/j.scitotenv.2017.09.292

Mashjoor, S., Yosefzadi, M., Alishahi, M.,
Shokoohmand, M., and Molayemraftar,
T., 2015. Toxicity assessment of BioFe;O4
and Fe;O; magnetic nanoparticles on
nauplii and adults of brine shrimp (Artemia
salina). Middle. East. Central. Asia. Aqua.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zywicke%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Gelderen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moskowitz%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duncan%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frank%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=11731783
http://dx.doi.org/10.1038/nbt1201-1141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20DQ%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20ZW%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZC%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZC%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=18305413
https://www.ncbi.nlm.nih.gov/pubmed/18305413
http://dx.doi.org/10.3390/molecules13020212
http://dx.doi.org/10.1007/s10661-014-3695-8
https://doi.org/10.1016/j.ecoenv.2012.02.017
https://doi.org/10.1016/j.scitotenv.2008.06.042
http://dx.doi.org/10.1016/j.tiv.2009.06.001
https://doi.org/10.1016/j.trac.2011.09.007
https://www.sciencedirect.com/science/article/pii/S0008622317306656#!
https://www.sciencedirect.com/science/article/pii/S0008622317306656#!
https://www.sciencedirect.com/science/article/pii/S0008622317306656#!
https://www.sciencedirect.com/science/article/pii/S0008622317306656#!
https://www.sciencedirect.com/science/article/pii/S0008622317306656#!
https://www.sciencedirect.com/science/journal/00086223
https://doi.org/10.1016/j.carbon.2017.06.087
https://doi.org/10.1016/j.scitotenv.2017.09.292
http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

i€ SIS0 (T & sreailin o e (b5 )

OOKan 5 5 aiie

Confer, 14-16 Dec, Tehran. Iran, 2015, pp.
275.

Nogueira, V., Lopes, I., Rocha-Santos, T. A.
P., Rasteiro, M. G., Abrantes, N.,
Goncalves, F., Soares, A. M. V. M,
Duarte, A. C., and Pereira, R., 2015.
Assessing the ecotoxicity of metal nano-
oxides with potential for wastewater
treatment. Environmental Science and
Pollution Research, 22(17). 13212-13224.
DOI: 10.1007/s11356-015-4581-9

OECD., 2004. OECD Guideline for the
Testing of Chemicals”, Test No. 202:
Daphnia sp., Acute Immobilisation Test and
Reproduction, Paris, France.

OECD., 2014. Ecotoxicology and
environmental fate of manufactured
nanomaterials: test guidelines. expert
meeting report. Series on the safety of
manufactured nanomaterials No.  40.
ENV/JIM/MONO(2014)1.

Sarma, S.S.S., Elguea-Sanchez, B., and
Nandini, S., 2014. Effect of salinity on
competition between  the rotifers
Brachionus rotundiformis Tschugunoff and
Hexarthra jenkinae (De Beauchamp)
(Rotifera). Hydrobiologia, 474 (1-3): 183-
188. DOI: 10.1023/A:1016535821741

Snell, T.W., 1998. Estimating chronic toxicity
using rotifers. In: Standard methods for the
examination of water and wastewater. vol.
20 (8420), pp. 8-62-8-65.

Snell, T.W. and Hicks, D.G. 2011.
Assessing toxicity of nanoparticles using
Brachionus manjavacas (Rotifera).

Environmental Toxicology, 26(2):146-152.
DOI:10.1002/tox.20538

Sunderland, C.J., Steiert, M., Talmadge,
J.E., Derfus, A.M., and Barry, S. E,,
2006. Targeted nanoparticles for detecting
and treating cancer. Drug Development and
Delivery, 67:70-93. DOI:
10.1002/ddr.20069

United Nation (UN). 2009. Globally
harmonized system of classification and
labelling of chemicals (GHS), Third revised
edition, United Nations, New York and
Geneva, pp. 215-220.

United States Environmental Protection
Agency (USEPA)., 1985. Methods for
measuring the acute toxicity of effluents to
freshwater and  marine  organisms.
EPA/600/4-85/013, pp. 216.

Vadstein, O., @ie, G., and Olsen, Y., 1993.
Particle size dependent feeding by the

rotifer Brachionus plicatilis.
Hydrobiologia, 255(1): 261-267. DOI:
10.1007/BF00025847

Zhang, Y.Q., Dringen, R., Petters, C,,
Rastedt, W., Koser, J., Filser, J., and
Stolte, S., 2016. Toxicity of
dimercaptosuccinate-coated and
unfunctionalized magnetic iron oxide
nanoparticles towards aquatic organisms.
Environmental Science. Nano, 3: 754-767.
DOI:10.1039/C5EN00222B

Zhu, S., Xue, MY., Luo, F., Chen, WC., Zhu
B., Wang GX., 2017. Developmental
toxicity of Fe;O4 nanoparticles on cysts and
three larval stages of Artemia salina.

VO


http://dx.doi.org/10.1007/s11356-015-4581-9
https://link.springer.com/journal/10750
http://dx.doi.org/10.1002/tox.20538
http://dx.doi.org/10.1002/ddr.20069
https://link.springer.com/journal/10750
http://dx.doi.org/10.1007/BF00025847
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20GX%5BAuthor%5D&cauthor=true&cauthor_uid=28715773
http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

Ol 2l pale las

Environmental Pollution. 230: 683-691.
DOI:10.1016/j.envpol.2017.06.065

Zhu, X., Wang, J., Zhang, X., Chang, Y.,
and Chen, Y., 2010a. Trophic transfer of
TiO, nanoparticles from Daphnia to
zebrafish in a simplified freshwater food

VO

chain. Chemosphere, 79: 928-933. DOI:
10.1016/j.chemosphere.2010.03.022

Zhu, X., Chang, Y., and Chen, Y., 2010b.
Toxicity and bioaccumulation of TiO,
nanoparticle aggregates in Daphnia magna.
Chemosphere, 78: 209-215. DOI:
10.1016/j.chemosphere.2009.11.013


https://www.ncbi.nlm.nih.gov/pubmed/28715773
https://doi.org/10.1016/j.envpol.2017.06.065
http://dx.doi.org/10.1016/j.chemosphere.2010.03.022
http://dx.doi.org/10.1016/j.chemosphere.2009.11.013
http://dx.doi.org/10.22092/ISFJ.2018.117175
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.3.5.3
https://isfj.ir/article-1-1911-en.html

[ Downloaded from isfj.ir on 2025-10-31 ]

[ DOR: 20.1001.1.10261354.1397.27.3.5.3 ]

[ DOI: 10.22092/1SFJ.2018.117175]

Iranian Scientific Fisheries Journal Vol. 27, No.3

Evaluation of the toxicity of magnetite (Fe;O,) nanoparticle agueous suspensions
on bio-indices of sea water (barnacle) and fresh water (rotifer)

Mashjoor S.!, Yousefzadi M.'*, Alishahi M.?

“morteza110110@gmail.com

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

2-Department of Clinical Sciences, Faculty of Veterinary Medicine, Shahid Chamran University of
Ahvaz, Ahvaz, Iran.

Abstract

Due to the inevitable achievement of nanoparticles to aquatic ecosystems, the limitation of existing
reports, and the inadequate understanding of their possible biological reactions with aquatic
organisms, this study in the pioneering step was aimed to toxicity assessment of aqueous suspension of
chemical magnetic nanoparticles (FesO,) in zooplanktonic species such as barnacle larvae
Amphibalanus amphitrite (sea water index) and rotifer Brachionus rotundiformis (fresh water index).
For this purpose, serial concentrations (0, 10, 50, 100, 200, 500 mg / 1) of magnetite nanoparticles
were prepared in 24 well plates with 5 replicates. After that, the zooplanktons (50 barnacle nauplii and
20 neonate rotifer to each well) were introduced to plates and the sensitivity of the samples were
evaluated for the toxicity of nanoparticles at a time interval of 12-48 hours. The results of this study
showed that the toxicity effects of chemical magnetite nanoparticles on barnacle nauplii larvae and
neonate rotifer were increased with increasing time and concentration of magnetite nanoparticles.
Differences between control and treatment groups were significant (P<0.05). However, after 48 hours
of exposure, the mortality rate at the highest concentration (500 mg/l) in barnacles was 62% (LCso=
466.5 mg/l) and in rotifer 34% (Esp>1000 mg/l). Regardless of species variation in barnacles and
rotifers, according to the results, magnetite nanoparticles are in the group of non-toxic contaminants
for these zooplanktonic organisms.
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