[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

10.22034/17.4.65]

[ DOI:

70 \f'TQl:.m.ﬂjcrj%o)ucrﬁmdbcd)jﬂ‘_;}ﬁw):qfﬁ

"‘f:&jﬁ 4.“.5.6"

3 A0 D30 4 (S S [ D350 b (00 30 de30 53 (59 b SLAlS duylie
(Danio rerio) (s 5595 (Blo Laliso (SO BEb 10 0 485 DIM53456 b plad g

"Gogaro Ol g I (Migh (6310 i) ! (oou ISy o 571 Slagmone w2 0

Q\J.Ll C\L.-fv) cg)&.f ali..ulb ‘4:"\:" r}l.c ou\g.iﬂb ‘@t“: &:M-L) ajjf—\
Q\J.‘:“ Wby ‘Q)&fo&ﬁb ‘4{.\.3 C}lﬁ AM‘) ‘LS“'::'°)J57Y
Ol colsile S wolzile S Sy ke o8l (Dl oSty 03l go 3 2e = g (St Dlidid S0 Y

VBN Y G VEOVANS 3l 5

S (553l Sl 15 o 5 L 0 S eted ame Lot VT S5 b Olejon agrlso 53 3150 oo O e

bagrlse 53 (s (o) BB 5 @ e (oS L0 (B ol 5 Cee ol s el sl 0L 3T 53 05 5 ke Ll
oslizul L (Danio rerio)t;ﬁ‘),?@u.A.SJe;,,‘&@Tsug‘;b“ﬁ;;l)si%,&C.A;,J}»);&”J_.Jlgbs};u
23 (G3LSTL 535 YA 54l 5m 535 YA) 55508 Sode ity (5 5558 (ale ankad V18 bl addllan s 5 5 oSS 5SS 5 (5w ke
Sspe o) 5 SasdnS T 3k enS b Sl 53 5 (il p S e 1) (S0dnST D30 oS i Bl oS o e
o 53O 55 dals ol jen 4 (0,8 S350 il p 8 o 1 F LY 4 (58T S350 A 8 e V) pl5
S sl Ol e opl @L:S Al ng:faj\.ul Calisee ol 5 T Jn gy B ChE (gls &g Calibes (glao s CLQ.H 5
S5l 53 $5) B jes e o Aol S et 2 g ey AS o0y < AAT L 5o 5 408 D3 gL ) sl 0 65, chle
50 035l sl gl go L 5 Ol (I3l oo oS sl DL Laasdly 3 8 ocalie 0,8 3L L ol e 3 s 2T

el M 56 gy s ke Ol

S S 5 apl 5 SIS S (Ale e 35S 3 L w0 53 5 S uls” Dilads”

a_naeemi@guilan.ac.ir :lilSa lasage”


mailto:sh.bakhshalizadeh@guilan.ac.ir
http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\F Y Qm)ccjtg;: o)ucvﬁm;}bcd)}f;&}:i{w):qjﬁ

3550 e 3 3 Olemily (g el is g
.(Prabhu and Poulose, 2012) 5,5 1 5 e3lizu|
505 28 eslimal 5 OY g Sldw Ll
ST LSl grlsn (a4 5l ol 4 3 0
Impellitteri et al., 2009; Naeemi et ) —lgT L
Slapi ST 53 D34k & LK ., 2020
Ls\.bo.\;’v.y'\' Ll uﬁwﬂ S gd p ads LA‘T?'"
Ogr oAbl adls ol O3l ple dble (Calides
)‘ LS“"'\::’.."-;‘.. .bj.\’u up,su BE) s_,J.G‘ LSJ"T Q‘J}’-}ﬁ
25,8 o )3 S350 1 (bl alax 1 Lot NT
LOT Caawr 5 o Ol e Ll 55 o0 Jilize Sl 31 ol
Mansouri et al.,, ) das,u& Slsgrge sl 1)
e 3 oo BOT L SL5l lp pls s
3B T (Sllas I (gl 4 ST .l
Llosls Olas Gblﬁ 30 3,80 Oyse 4 |y Slyd 6L
5 LS Jrenl ¥ O 5 gde)
AV OLKes 5 sls ol TP O
OLEer 5 ol YRS (ani 5 Ol smeos
Ly Ol ol oS s Sldlasys Ll (1144
Haghighat et al., ) culodd ), o5 Do
GNF ekiplnil ol Slallas ol 053le (2021
& Calibee O3 L (o ,me 55 o5 815 a5 Wles S
&y ediodalin 550 b Conl Sas Olsjor & g0
4 dil Sglite 3 e S5 5L o me 53 3518
ol (YY) o, 5 Haghighat (Jie ol e
St Olijer Lo,ae 3 B85 45 Wl
Cyprinus ) )‘}; ksé\.a B aJJL; 9 .L:«S“S.ar):;\;‘:]
9 Ad o8 O3l G il Eel (carpio

S Lsls 18 (19) oL, Kes 5 Mansouri

55

.

doddo
cla 53 odki gdige 3lsa gl ¢l (sladluys
SRl s S e F eslial sy 5 A5 aes
S b T Gl ST 3 LOT 035355,
Syl Caliee g1l Oba Hs el 5b 5 dlee
J> 408 DAL 5 gaytnST Sl s
355 415 635 a5 03 58 Sl 3 I8 5 03lind
oly360 (Lopes et al, 2016) Lles S5 Cl>
Olg gl 53 0dd A 5 D)3 50 s o (S5 )45
WV g b cp ke 5 LS00 5515 51 ey
(Piccinno et al., 2012) <.l o5 0+ I i
(S Lol Ghls sayhaST Slsgt
e HUV 5l g5 S s 52U 5
05 28 Hsb areoplplu 3l oVL (g5l 5 uS
slge Sz alor G OV pams Sl (GHles o
DT L 5 U1 (oSl (e K ¢ aal,T
Pandurangan and Kim, ) &2 e eslawal ol
Iy oS Olyi gl chle Sldles &, (2015
NS 5 o (S dher I Caltes ladases s
S AS 2 oS ke VN easee 3 S5
0 S s Sn VIVE 5 e S AS 0 8 e Ve
{(Ghosh et al., 2016) Llos S i i o5 kS
KW PG P L T PR I I IR Py g
Pulit-) Cowl Jle 53 5 FYr GAFD 4 ¢SKs 5 Sle
A 31 S -(Prociak and Banach, 2016
Col OT (09,80 dd Cwols 0,85 O3 5 ol
(e cialyT e ol gd slse 55 5, s
o (5L Clal (ST b (Dl e (2SS

c&l.:\.'c« L;chibj_}é\ cg..)T ﬂ\:-ﬁ«dﬁ Lg\.hr.im:..ﬂ cg.«.)U


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

4%

Ly 0,8 5 SaydenS] 3 5L Olejan agarlsn Sl I
03 gy Chle S S8 5 e Sl eslinal L
b s oS Al 4S5 sy, il il an
(sl ks (51 e a8 51 (S Ol e
530 YA 5 agxlse o3 55 555 YA) 55,08 e b

—— . .
.@;)‘Jsum)xbj}ﬁ(djwb’ajjb‘)b

%d’bg;g 019.0
s bosd 30

Jels asss onl 55 eslitel 5550 slasd 3le
o1 53 Okl sy (NaOH) S5 oo
o (C:HsOH)J 56l (Zn(CH:COO),.2H,0)
51 (NaBHa) 55,5 ot 5 (AGNO3) ol
55 ag OLIT &S oS s

(ZnO NPs) awus™1 (595 5396 Houw
AT s okl gy r,f Y
Jaie T 2 e Fr s (ZN(CHsCO0)2.2H;0)
05 F) S odn e Sl e S
N I L e BIL e
o el 535 5l Jsboun 4 0 0 (e
A{gyj.ujﬂng\sm@u\,\img;,'rﬁ
5 A e cedly Sl oS a4 kel s
2 e 3 A @ J U1 g Shake OT L L i
Colo ¥ e w318 slo a3 Vo glos b 0T

.(Hasnidawani et al., 2016) s § i

..... ng)-l.:wf\Q‘):ybbdﬁfd?‘fjb‘_;}))ewww

22 AeSIe2p 55k 5 e D3 SL S
sl Bl Jseme 555 b Calie glasl
Ol Oladss & (Olallas ) O, Ll
Cnwr 5l S O3 gl Obojad Caaw a5 Lisls
S 458 Olod (Sl 5020 Sy3 (5 0k 035 pued
D) ,\:Jl@rxsl::: 366 Obojen agalse o
P R P S SR 4 BGH PN
Tong et al., 2015; ) Coul olis ol OLES bas ST
=S 5 e Ol Sl 5 egde (Hua et al., 2016
Sglite Calides Ol g g0 gl S350 51 S5
- O3 b 5 6 ayheST S5 86 (e Ol s 4 .l
Scenedesmus 5 Daphnia magna ;s 31, 4.S'l
05 &S J= s csls L1501, Cew Obliquus
Yeetal, ) Lol 2ol 1) Coew 555 b
Syse 3 39t Hlaw Ollles ooeen (2018
Py 4 Olale (a3l )3 S35 el agrl 5o
23 el o plonil S8 S 5 kel ealinal L
i esls gLz (Y418) o, 3 Mansouri aslzs
33 558 ol Calie sl s e cbile
LenSlg0p 5515 5 kST D350 ol 5 agarl e
Dy ey eadenS | 13 60 5 0 Al s 4 S
Sl ensn adlas mly 5o (S8 S 5 Jube
Cromat ol Old g 55 ol NT @2 s o
o sla sl (5 S 031 5 S S
Chle 5 s coda (oST b)) s IS e (e
ANF Gk S 6pT Slamse 53 L3S s
Aol e sl 1 35 b DT Gosme 55 3 5
Pl g 4 3945w Sllles (Fan et al., 2018)
w15 Ale 55 (G9)0nS 5 0,E 0y3 56 93 Olojar
adles -5 5 (Mahjoubian et al., 2023) <.l


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\F Y Qm)ccjtg;: o)ucvﬁm;}bcd)}f;&}:i{w):qjﬁ

S 5 ZEN3600 :o&ws Ju) DLS oKews
5> UV-vis 0T s ploxil (Malvern sl
gt g 2SSl lenlizel b j2e gl Ve v e BY v b 03 guoes
ekile oS L5 (Shimadzule0l :oSews Joe)
b s bases Sl S b ln (0l Sy

i 6,5 o5l UV-vis

25 9390 Sl 9 SalosT Lufpd

L (Danio reirio) s 5,8 als anks Y19 slaw
Fosn oy B8 S EXED Sy Sl
Oln3 33 5 Syl 5 oy 53 2 Obabe LS5
OME o5 55 L ys T o Le 5T 4 144 JLu
s Lo b (6 )85l g b ale s F Jine
P R e e e LIS AL
Sl Cowi 5 gldy) Cele VY (6H5 o5
Joloes 0581 5 Kke 3l 8 Sle 4> YORY
VIYESE Ly PH 5 2 03 p 8 ke S/VENY
A5 F BT Bt L i
o e oaws Lwg PH 5 0557 s Ol
sys0 gles s (g, o3l AZ 8603 Jue b
& 55 P3lsn 5 el p syl ST (5l sabs 45U
Pl Dde sk 5ol plasl 1 5a ey Gl
Las,T oy i LSS il Obabe ke 5k &
Bao et al., 2020; Mahjoubian et al., ) Lus 4 s
(2021

S oadlae 5 Ayl gl nliT bl
33 4,8 Olal (Mahjoubian et al., 2023)
4 (03 losaze JISS 4w 5 Jles B 5,
Chle oS fls 8 GBS 5 e Suse

Q‘)J}ab (LCs0-96n Loy \e .>ju\.>-) c.,\.;fzfj:.&

ZA

(Ag NPs) o 4 15396

ke O 3 0,8 Sl e 8 e FY/O I
Ored S5y p 4&3> ¥4 Do 4 opigs T2
Cpopad 3) 5 o8 0 DS GU R Gl (peebline
2 S8 g0 4 yda s 2 (‘stl:*“"
Jsl Jsloe oo 5 A Jom 05 ST 2l e O
45 03,8 BLol s Jglos 4 0 0 k5 ) 50 4
.,\,:a;,'rﬁw:bmo}w&”ﬁuu\"am
423y poyedVerr S baids)y Ode 4 bogliee
5T bad e ki Jool Cosmy 5 ol ol il
L Osl s Colo¥F e 0 (o ol azucd J 50
Nidya et al., ) 1s ¢Sas 51 5 slo a5 Fr gles
.(2015

O Yo D 33836 Obuo g
oo 5 3B o gy Dl g S
il 3l eSSt 53 e Bl Ol
oy & S ansl 5 Sl eslizal WSS
S 5 X'Pert MPD :6&ws Jdo) X-ray JUT
C\‘?”" a5 A BV wly b (s (s el
Sy S350 o3Il IS8 w6l s
AN s S Sl s w gl s Ll
o J) (FE-SEM) )
Tescan oLjle oS5 (MIRASTESCAN
Soxe S @Ky S 5 (S oseer
S & EMI0C-100KV :6&Kws Ju) (TEM)
SIUT 51 eoen il o5lizal (OLIT ZEISS ol
Sy U5 Jeily 5 (DLS) Salys 5 SasT,
gl 053 s bl ST 55 O3 o3l s

g 0 T ol F bl S w0 sl s


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

74

S sy sl S sle 4 Gl Siask
Sl 2 p S ke Ve s Ikl glad sl
oslizal ¢SGsL Chem Lab oS 6 csla gy,
S S O pal IS oie s I ey
s by LadSsad 53 352 30 (535 50 Ol
Ju) (81,8 0558 e £ 45 51 (il S
e (LS ol 588 c2LWGTA 120
Sayadi et al., 2021; Mahjoubian et al., ) s §
(2023

ST 95895 # Ol mo cym

33 Al eSSl Loy 51 OT 4505 2 L) s
Slp YA OF &V b,y 53) Golsp dses o) o
0393 &lp OF FY X0 lajs, o 5 code o)
ror oy Bochle S o3l sl (S5LSy
Cab Sl eslamal b OT s gy 56 chle i g),T
5 gad i (5,8 o3I (2318 08 S| S e
38 Sl amy5 B gles 53 o 5 a5 51 S ST
Lopez-Serrano et al., 2014; ) a& oo
.(Mahjoubian et al., 2023

ST g o5 (S5l Joho

o3Il 5 SLSTL 5 Sl S e sl
gl S S5 e sl bl S
orn 33 S8 Al e 3L a3 )
oslazul Jgl amys Jbe 51 D13 60 L Calides (gl e
.(OECD, 2012; Sayadi et al., 2021) .

Soge (k) Gl C e S S ]

..... ng)-l.:wf\Q‘):ybbdﬁfd?‘fjb‘_;}))ewww

oy Chle 53 5 (adp o8 e V1) gardnS]
36 (LCsogsh dys Yo 5 \+) ouiS o
S35l 08 ea V) o) 0,5 5+ (g 55nS!
P NP PRV SIPRVAL ERTTPRwEY
a3 (D365 gole) wals Hlas &K 5 (o8
(Mahjoubian et al.,, 2023) w3 i35 ,I S
0352 3 PH s 058D T pland (53 Ll 12
Sloyss Do 4 (2 il o Lles ()5
3300l 4 O LS I LS S5k s et
A5 Y Sde 4 g Nk ke OT sl i
o3l oS5 (S300 Jke) L puel gl oKy Lo g5
23 bl O Lo s oS (QSonica
A ol HLS Cele FA p s STl Ll s
(YA 5 VF V) lassy 0o 6,508 ale 6,5 4
3V V) lajs, 5o s (ol (sla)les L) agarlse
e S ) 6l (L T 53) LSt (YA
S pl (b3 5 58 plail (55 B (lula
Loy 35d) HUSS Shan LT oy slie b

(Mahjoubian et al., 2023) Las 4 dx5 (a5

(i) BBl 50 (595 H O a0 cyuntd
(W™ 9 089

ot SIS Pless,y s SiaT S gl
I3 s S 0as3 Al L Sl el
5050 03 53T Gl il osleT Olej b 5 uzs &
ki K 31 F Sl gam,s —Yr gles s
S5 5 el 2 oo Y70 1 et gas (g5l 03T (gl
Sl a3V Fr Gles s O > ol 7 20 Lde
e s OF e (Sl 5 () s eslizal 51 S
el s ekl ) e 0 4 Jee ol


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\F Y Qm)ccjtg;: oJucrﬁmchdJ}f;&}:Tw)IQjﬁ

@ odd oLl bl s s,y (Tir) es and

:.u))jTﬂJi‘j&:)‘)}nﬂ
T1=

=

EIE

25 Cuse 4 (BCF) o) Chle j386 omen
34’,’}? Awau

ky
BCF=—
kg

SoboT sl 36T
35 s gad 5800 diuglie g Lnosls oy 3D
One-)as b &y il sls LT b Calenn (gl lecs
L (Two-way Anova) «s b ss 5 (Way Anova
cnbr b Lot YN 03,5 SPSS 1531 o 3 3l eslic
daldze 5oy b b ses 039 Jbe 5 O g0 Il ) oot
..H.sjf s » Kolomogrov- Smironov(K-S)
5o plamil b5 5 4 b oSO T 05057 e
Sl byles o 6ol e TUKEY O 93T oy Jow 5
b E B s 35 0SS Gl el

el
o gF D393l Dl guas-

($30aST S350 X anal i, o K s
FVA L Ll Y0 gbls) 53 odd onls Ol slaesy
se PNV SYI0° OF/CA FV/OF XE/O0 /S0
ol (V) JSKe 55 &S jskailes (ummen () JS2)
Olas ey co,i DlL3 6l Cab s sl sl 030
SO/+° FF/AT ANV L ol Y0 Ui s o 65ls
S Seo & by polal 4 ar g by VV/A°
S SN Sy S 5 (Y JS8) sy 59,
A p3 ey by Db ple (¢ JK8) c)se

e Cawl ol 03ls LAY Jsd= 5o @LAJH\AB

b s gy B i Cr ¢jay e Ol T
=T 53 sy s Cu ‘(’Jf}’l’;ﬁ CJfL;L:“ >
A e S e e

ol s i s OT 4 b ale 87 oK
Wi GHSL Asles i Sl (Ka) (5LSTL s
el s J

In CAt)=ln C(0)-k* 1

0533 3T )5 ale )3 (59, 58 lake CH{0)
Ll gilSTy

S o s adgl Sl S US s 55 e
Olej 55 Co ol Sl &S5 6 55 5 Al slacil
S wd S0 STy T s 5 el e
B 1y @3S 56 (F) dolan 5 Codr 56 (F) dsles
a3 e

Q(t]zcﬂ_:htca@ *(l'el:-kdtﬂ)

kq
Q(t]=C3—E Sl O] (C G s ey
kd xp

o5 ko e L 55 (55, B hale Q)
S 1 4503 Olaj 53 3L a &Sm0 5 p 5 S
Al il s s, 5B eyl clle Co e t
S Kl p A 0 B s 6505
ol 535 52 p FAS A i 5l s e
Coxp « ol 555 32 comm p S5STY tr =t Kg
A p e Bk e L 3 el
ST a0l Sl g g0 0T 3 oS Sl Sl to Lol
Oljt s Lidks Jie gy o So4T 05y 05U

'@‘j})‘f“’ﬂd)"’j‘u}‘":


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\A

oo 53 cpomen 38 sdalie US4 a3y,
PSS e WS e e s5LST,
e 53 dbodalin UST Culg 55 5 039y (T
23 Sy e p i cOde dl e o byl
» o Sodalis pls iy sl glalsl
L3l 5 g, Hlie (LS d> e s S Il
S3SE 5,8 Sl Sl S el agrlse slasles
lej\.aﬁ,é\.:(w)acﬁpﬂéujub\i..sﬁd)).\:.wf\
drloes Sl dm 55 Jde S5 5 oslinal b g5, ol
el ol el oks A B g s oS S
3 AT S8y o 4 SBlE o paST e
03} i Olj Jola= (F Jgu) Ad odalie U5
Yoo 3l o 3 Sl 5508 ale gl 0

(F Jgdor) A 033 ey 22T S5L )5 5 595

Absorbance (AU)

Ag NPs
ZnO NPs

[

e T -2 e Voo P
‘Wavelength (nm)

o, 5 AwSTT g5y 356 XRD 56T 1) IS

..... ng)-l.:wf‘Q‘):ybbdﬁfd?‘fjb‘_;}))ewww

Jdgd>= ;5 (DLS 5 b Juudly) ] sl LT =k
Sl b a4 ers L Celedd bl )
5 GsenST 350 o8 D3 L (Kool e
S 4SS 5 e B D3l oS 5 bl
g2l S pemen 3y sl YA 5 FIA OFPA
PDI< Y- Q\,s};uojl,\;l&i@@;wﬂ;@
e b Olo sas ol 0l Ol
UV-Vis e Cabs 5l oslinal b ods ag Oly3 40
o o3> Ol ¥ SE 53 a5 hilen Al axdlla
Fe b YVE 55 (o ST S35k e &S
o, O3gl gde Cab s puemen S cdalie

(F USKE) ds o e gU PP s Ll dls oSG

I Cdald Ol jmo g DMH0IL po 3o DI ST
s Sl s (Zn) sy
aalllas 350 3L 4w 53 (ZN) (55, e Sl
Calisee glaey 53 sk 55 OTys 5 5558 Al 5
Y dsd @ S 3 o5 4 LSTL 5 aglse
ag>=lgn 0y95 Jsb yo el odd esls Ol Y Uy
Sl Ols csd8 L Ow glacil ys g, chle
ST gl w5 Ol 5B @ 55 YA I e 5 5L
S sl Ol aglse 0ps3 3 Wb K Wbl
SANE YA Gay s Lol s o g, bl
b romen (/00 Y i) 550 F 5V lajs,
03 Gy Shle & sl Ol Wb gs bty ST
eled ol S3L 5 Ol blae S5 Jle sl
o) 35 LS 5 Sl d 0 Jb )3 bajles
o BBl s s, Sl 5 Sl (<0
ol 0dd osls 0L Jgds s il (gla,les

CoHT S8k 3 55 4 s o Ol AL


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

10.22034/17.4.65]

[ DOI:

\FeY Ub“““)‘(‘)k’[ ojwcr.hmdb“_g‘)}ﬁdﬁ-‘-qufu

oS 3550 sl 53 S350 Slo goas N s

oxoo VYYD

otvy oA

ARTYAR VARR\%4
\PAOF VARRI4
Y./ Ataa!

\V/A¥
—\#/IAY

ARYARY

S9!

o8
0 R+ (59 ks

SEM MAG: 200 Kx
WD: 4.97 mm
View fleid: 1.04 ym | Date(m/dry): 04/21/20

MIRAS TESCAN | SEM MAG: 200 kx Det: inBeam
WO: 4.84 mm
View fieid: 1.04 ym | Date(midiy): 04/21/20

Absorbance (AU)

Y
Ag NPs
ZnO NPs
Vo
v oL
m\\
Yoo Feu B o Yoo

Wavelength (nm)

o8 5 G ayhnST Sly3 L UV-VIS JILT :f JSa

\Al


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

10.22034/17.4.65]

[ DOI:

\Al

Fas
Yo
Tas

) bl 33 (S8 alald

Yo

(PF s 2Py

-

) bl 38 (59 Calild

(e 5545 205

«
o -

3

(pF ol pp 5 o) ol 33 59y SNl

(332) olej

Wy

(333) Ole3

oS T D3 80 L o se agarlge 53 (5 S hale anslie

&

*  Confrol
®  ZnONP:l0
Model Zn0O NFs10

®  AgNPs0.02+ Zn0 NPs 10

Model Ag NPs 0.02 + ZnONFs 10

*  ApNP:0.04+ ZnO NP: 10

F

510
*  Control
=  ZnO NP:10

----- Model ZnO NP 10

®  AgNP:0.02+Zn0O NFs 10

Model Ag NPz 0.02 + ZnO NFs 10

®  Ag NPs0.04+ ZnO NPs 10

ModelAg NPs 0.04+ ZnO NPs 10

. Control

- ZnONPs10

----- Model ZnO NPs 10

® Ag NPs 0.02 + ZnONPs 10

--------- ModelAg NPs 0.02 + ZnD NPs 10

. Ag NPz 0.04+ ZnO NP: 10

Model Ag NPs 0.04+ ZnO NP= 10

)sba.\i‘_;ﬂfa)'\.\i\‘s”d.mbw@isl:.aLaaﬂ\:.abijksfﬂ):gf)}f@b.l..f}e:));&;T):‘sjjé:}giq-uﬂSDJQ
e &SzS SnS 5 I ool b ok s i B35 eiaslis b sl g tias g 0L Calis slail,

Al Calien (3L 53 (LS 5 o (lao 53 3 (p 8 hS 0 8 o) (595 ke 1Y s


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

10.22034/17.4.65]

[ DOI:

\FeY QL'.'MAJ'cc)%a)utrﬂmducdjjﬂ‘_;}-"wj 4.11.34

\Al

Gy [EREPN
R ZnO NPs + ZnO NPs + R ZnONPs ./+¥  ZnONPs ./-¥ ol
p-value .)+Ag NPs . xAgNPs  ZMONPsh. Control p-value ! ! ZnO NPs »- Control il
groups 9 9 groups + Ag NPs +Ag NPs @
a a a a. a a, [oYE 0
VoYY Y B/054120 Frvov IR AVASEAY /5 VEVE/Y AREY ¥
PYAYEN YA By Ay RBYE L) SNy DY/AFEYFF/? Py/fsky Y By AxaV/55 I \f AT
Cossatsa/sy L =2V Co A ENVIAS fookeeY CF/A- ¥RV Or/00EFFANY Da/aytrvaN St A
g 3% 24 A p-value times”
A\Y/AEVREY VYRV VYIS REAVN} VA - YN o0 BF/YoLYY/V Y2170 A rE VYT A - A ¥
by vayey/y Dy/A A rY/A EAERR L) vy ey abytyyy/y Oy vvEa /o7 Oy /syrev/as ok 114 033,
CL/A0EAS/ ¥ Co/Y A/ YY OF/Y\EAS/TY JAEY DyyA trrs DyAFEY VY DY/BAEY ¥V SV E A
04 [oos I3 4 108 p-value times”
AT B/ FEVSFIS AY/9FE1 ¥ VEA 2PNV /D 2. voase & yotvrs /¥y %
RAVNERINTIZ Dy /petyfs DY/ YAEY YA Y vEe e Dy ey ytey RS2 T [¥E/ A 114 s
PyAAZA TS REN CY/ AEAS/5% IBZ8; Doy vy &8 DE/SEY ¥ Py VYEYSSIA R A
a4 a4 fAad 4 A4 A4 A\ p-value times”
Al Wias oy p-value
tissues™
VA /¥ p_—vallfg
times
p-value
VY /20 tissues*times™

[)_}1.»&’_{1})@11'».4;.})? R ‘éjl;}: JJQJ‘)}:SUTAJLAJ Ol (se%) @W}“k&wbbx‘” aklas Olis (s) CDe .

s e Ol uls gme oleT ool wlie oy aS S (P<0.05) wzua ls s GobeT la &y stas Ol

Glesls L &S se (VYY) (VY)Y
JCPDS card no 36-) s bkl 315 Jaw S
Slydst Cab js (umman (Sl Calles (1451
Oloetn Joy_/.a old odaline L;Ubiiﬁ szi.“ co_,a
& ‘bjb- L 95 FAY) (YY) (Yo o) VYY)
oM iy calks (CPDS file no. 04-0783)
polas bWl s a4 UV-ViS e (ol s

Anandan et ) (5 ;0S| 13 56 (gl ok il

&

[ 2]

D346 by S 39
LoT O3 eS 5 Gl Slyd gl Lk, 5 Slas guas
LOT Coro @il (KK 5 0 Sls g g )3
S 5wl Wb Sl e Cwl ()0
e 1025 Oljn 5 Sl rlan Sl ¢ La
Wil Jge oT Lases 53 D360 NS Coan ol
Sl g bl sl (Vale et al., 2016)
Slaia, 4 okd e O340 sled 5 S8
SN 288 I3 sz 255m i b kit
bgje o508 S350 gl odd odus lacS
QO Y) (0 )) oY) (Vo) sk Slmis a


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

10.22034/17.4.65]

[ DOI:

vo S90S T I3 U L a0 agrlse 53 (69, b Chals 4l
Calee slajles 55 LSl 5 o slaess 55 (il 0,8 k) 55 ke ¥ U gt
LS 093
LSy NERES
ZnO NPs + Z/n?AL\]“?\ISPJ; ZnO NPs). control ZnONPs+  ZnO Nps+  ZNONPsy. control ol
NPs./-fAg +/+¢Ag NPs +/+YAg NPs @
N.D.’r ND’r ND* ND* | =VAR) f/NENY F/VE /0 ND* \%
N.D.” N.D.” N.D.” N.D.” F/VE Y /ALY A N.D.” \¥F
N.D.” N.D.” N.D. N.D.” e B/ SINE /NS N.D." YA
“Not detected

6J>))f b e glalsl s gy, ol (T\,y),o&%.:ic(kd) 8: Lo C,.:U‘c(ku) ode S b c(BCF)@j&B)}fB Fdod

silo3T Calins (glajlas )3 0,8 5 (5 5eenS T D3 5L L agarlse JUis

BCF wT kg K shes L
- -\ - -\ oL
(L kg™ (day) day™) (L kg day™ g L)
va/yy Y/ AR \Viat ZnO NPs y.
AY/VE Yooy V/TE Y/AD ZnO NPs + Ag +/-¥ ss T
NPs e
VA YY/$H s Y Zn0O NPS+Ag o/ f
NPs
\AVAR FAND YAAE s ZnO NPs y.
VA/+0 i A “IAQ ZNONPS + Ag /¥ 039,
NPs
M/ F E/FY RS VY Zn0O NPS+Ag VD d
NPs
FAIY A4/44 % /O ZnO NPs y-
YV/b§ Yo/ AR VE Zn0O NPS+Ag~/~\’ J.S
NPs :
AY/08 [ZYAR ey A ZnO NPs + Ag +/+¥
NPs

Mo a Llg e s Sl Jgeme sloids oyl
sl 2T Laea 55 135655 4 e sl S5
5i.(Vale et al., 2016) 3,15 LOT Cab 4 Saww 3
s s 4 S S eIl L 3t Ks O b

Sl sk Ol oUlS iy b

AlMasoud et al., ) « & <l,356 5 (al., 2016
sl calls (2020
oyl IRl 4 g Lol Sagn s


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\FeY om;‘ptee,u‘ﬁmJu‘d),ﬁéﬁTw,nﬂ,x

S bl I s (o 53 (555 8 5L 5,50 e
e w5y 31 OT e s 5 b Sl 4 4l
AL AT g 6 ) Bl Gy b a5 0
ey o> (Bury et al, 2003) wiS s oSS
23 Sy SBlE s i agrlge 595 YA ) ey Sl
Sl e Il ol s S edalie 2aT ol
(s E sk 4 G 4ST D3 SU Ol ) (AL
oM .(Sayadi et al., 2021) axb T T sk
OB L Ol AT 5o s YL e ol
4 Sy ol Sl S Olge 4 3L ol g
45 ol Sladamma b ol 3 sy e 2315 K>
5 ol b cdiSlur STL Sl de Ol
Murugan et ) sbs ms 5 5T Sl g 50 55 (Sl

al., 2008; Rajkowska and Protasowiccki,
C3L s gy Chle i o aaT 51 e (2012

@Lﬁ U':"':“"T 9 039 é\j BERRE v odaliv 039
A5 oy ol ol s 93 Olge 4 Gl Sl
Glover and Hogstrand, 2003; ) Lus 8

Glover et al., 2003; Bury et . al., 2003; Sappal
S Lsls ol S Ul Olalae ooean (et al., 2009

Pl Gl S s (ool Lo 3 (535 D340
Ly Ay oo g s oo Ol 55 51 oYL CIM
Shaw et al., 2012; ) Wi Cds o3y, rxl:.él
S50 oS (Pl o) 52 .(Chupani et al., 2017
G AS oy S LAl sl bawlie 5o AS 5
o 3 Shes b ale Jol glaplil I SS 0lse
S oI o 52 B S5 s 53 s
Jaze GaSsn sy Jdo 4y L e b
M’kandawire et al., ) & s5 oo 4l " 36 4 ok 5

Cuntl (sl 0 9Me (2017, Castaldo et al., 2020

SMT

\4

23 FESe S Ll L gahS| S350 550!
g bl s Oaelilda & bl bl S
b i 655 55 oMl e 53 5 ST S5 (6 i
.JJ‘J&T‘L.;?U‘)JOJBC)‘)S};U
Db polae Osls OLES 6l LS 4 () Jowily pslas
S 35 or 03litl S5 el 53 e b St O
Ssy g amdls g adlr oy sl els Olge o
el Ragh 55 sk e esliel O3 Cjk.ﬂ
C"JGM Sy i 4 oS 5 0,8 st
O grmeilomn o (el (Slasl (s gy Cote 5 e Hlo50
Sy 6ol e 3 1y ol iE S5 46 gl
Lol 2k, 5 D oS5 s o e
Clogston and Patri, ) 1S’ s il (S5 550 5 e
Syt S48 s 8 ol oY+ +0) Malvern (2011
S S o il gl b el I 1l
e fles Do ol 3 = L ki) Y
SAS ol scals dalg sy Sl34L
andllas cpl s 54d o :csjf A LIl oys
T LR G PE P N el sl LT
213 0Lt pazs IS5 gl 1y o35t g5 o bl
S sl sl T 53 D3 SL e slasl O g7

Lid 58 (S5 D350 o merd sl

lise 8L 5o g9y ctald
22 s Pl Gl il s gy, ke
I e plp i 4l 0y e glaples
il 0,5 Olllas b 4Bl oyl 3 S ks
Bury et al., 2003; Mansouri et al., 2018; ) c.ils
sty T Lss 55 s sl (Sayadi et al., 2021
Lis o & Az e oy JEl gle ptns


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\a%

ST 5 o5y codae slacil 53 $SCinyT mes
WS Slllas D, AE Jsene )5S (AL
S WS g8 (Yy9) ol,Kes 5 Boran
~$3p5kS S350 15 laslas o 53 35
CBlE ) s S Ll g 5 S
A g 558 Al sl e g

(ST 0p93 5o ol adllae ol 4 g L
A 5 S i ST g ST sl Sl
S35 (83 Loy D331 (S Az ) (G5, 083 Lo
S 4 Gy B Ilasl s 4 Sl (Ses US s
plol 5 C3L pl 53 ol 5 i 55 Slle 4l gl
Aol Sl S8L al 53 eSS ols) e
5035y 4 Sl (ST 4 5 b 4 AS 5 ()
Kalay and Canli, 2000; Kaya ) » 54 o &> T
AT YS B B3 Oropen (et al., 2015
o o T S 2L s oyl 4 ol K
RSP B PR TR UR S-S INCIE PR O
oy cdilie anlllas ¢ 5 (Kalay and Canli, 2000)
SIS 185 Oln o5 A8 21 ((55LSTL 55,00
5¢ A4S I gzi. Capoeta fusca ol s
(Mansouri (et al., 2013

Sl 53 Sy ) e des Bl g o
asdllas 55550 e 9, YA Sl aadlas 5,50 la
Dyl pAE 5 gl )3 (S5 b A (s 3
S35l el gl ge 53 (31,8 Sl il
Soalize S5, V=50 3l 31,8 Slomio b 5 medonST]
o Ul g e s ol .(Sayadi et al., 2021) s,
o alie (U s ¢l ¢ S g5 2> sl

..... S90S T I3 U L a0 agrlse 53 (69, b Chals 4l

Sy WSl 5-S-0,36 48 5 PABO oy S s
by le Gl 53 OSSO ol e
Scown et al., ) ol s o3ls Ol andllas i
.(2010; Carvalho et al., 2012; Teles et al., 2019
o5 aglpe Sas YA Sl e calie (ladlas s
Pls 1S o gl 5 g tnST Sly3st
5 pazs Olpe o A sl ((Capoeta fusca) ol
35 oS Bl plo a4 Cowd ST 231 55 59, b0
.(Sayadi et al., 2021)
3 S o (e ool Slallle b
s L ale e 05§ s s 50 53 S350 5 5
Sglize S5 g6 dsle Lol VT Lo g 53 ol
5 g8 v Olpens |y (hlie ST Al e 5 3L
Naasz et al., ) Lol asls LOT Caow uoeer
olkd iyl 8 ol Oldlas 43 cpmes (2018
Jl o e e b il e 3L ST
LOT Cam 5 Cdsipm p Sulg 5o 5 Ll @il
(Vale et al., 2014; Liu et al., 2015; &,li&K 5t

Farkas et al., 2017; Hernandez-Moreno et al.,
S5 5L iSan p s nl s el (2019
Sl 5 59y @3 5 ol Ol S L
S s Slalas b asl ol oCdls 56 Calies
.(Mansouri et al., 2016; Naasz et al., 2018) s
il el o, Syl s g g il andlas b
b S Al s s s 5 ol o e
23 s 83 3 der a7 Wsls Ol wline glasillas s
O350 el agrlse JUs 4 Ssere 5SS Al
22 #r$ JBosb 4 kST s dSTlg0p 5ils
.(Mansouri et al., 2016) sl il 53 sl plos
Wsls OLas (Y V) 0l 5SUN (6 s andllas s

oelpl el 4:*5‘63(}:3&:3 Shyd el sy oS


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\FeY om;‘ptee,u‘ﬁmJu‘d),ﬁéﬁTw,nﬂ,x

&b

(o 5 0833ty 08 i i ¢ a1
AT 0y sU Sl VA o i by co
— G sl Sh B el ) s Shes
AcCipenser ) 0y 05l alodom AS L 5 o
(F)VF (o5 =T anw s a0 i (Stellatus
ALY

03 ¢ i 35 ¢l ¢ i 7 s Y
$035 5L (pn e dos SIS VA 06 50
Sl S sl bl (o e S
Cyprinus ) Js—axe 555 ploase i il
“VF PV s s A 4,k (carpio
2

c.tca:b’ éhp ol e € SL ST famal Y
= S9 AenST lH5 5L de ol ST Sl J1 YRS
Pl S pbe la 5T 5 G slaasls
s al>s (Salmo trutta caspius) , ;= sI;T
FF-0e () Y5 Ol s

(0 Sy 0laysYs e w ol gl ¥
S SIS (B pend IV g 6 2
o 8l alae 5 il bl j3 6,8 )i
4 55 .(Cyprinus carpio) Jsess ;55 als 5s
AF-AY (FNY (65 6}2T a5

Ol s iy p NF e S iy p D
salde SOl 53 $5) 5 e o5 e pole
Oncorhynchus ) oLS K, YTJ 3 ale LS
Ol (=T Cadiben wlie 55 iy, (MYKiSS
V0 o5 6T dr s 4 ki g 8 Ol )3T
M=V (¥)

YA

(AT 515 5 6588 clas PH Wile) Calies s
.(Zhang et al., 2007; Pavlaki et al., 2017) .il

Lo
J leslar wlsls Olii Sl 4 _alllas
Sl 53 e (s N5 e K28 SCS 5
S9heST 053 5L (g ZBLE 5 a5 (O oS
laoy9s s caallles ol Hs Ail 6;5)}? R
Sl s e 5 gy bkl o 2 d gl s
0315 OLis pioman .4.1:}? odalie US go39, ‘J":“‘.H
235035y (il Sl Sl s 5 4 gy 45 LS
o8 D30 ) oDl s s US il
65058 Ale sy GaideS T O350 Sl
Gl js gy Cble il el 5 os S Jugud
O3 gl Ols jan aglge glj)b LA Cadiss
Ble 03 1) S @83 5 e Olje o8 5 69545
313 OLss Laasil oy el ,S Jogad 6 5555
03 35U el g5 agrlse 53 Glodony sl iSen
\)LAQTCé:j ;_.J.:\_?Q\}:AS))‘))}?)S:T.}Q:M
S5 S0 Cs 65,8 ale Calibes ol s
P PR ARG | USRI K GUIPLIP

.;ﬁ@u&_l);@ﬁdzﬁ

Sl Rl
(L.o.? Sl )l (..:3\.36» (an 3 5 mul s

e ol Sl A5 5 5


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

va

common carp, Cyprinus carpio. Aquatic
toxicology, 218, 105363.

14. Chupani, L., Zuskova, E., Niksirat, H.,
Panacek, A., Linsmann, V., Haange, S.-B.,
von Bergen, M., Jehmlich, N., 2017. Effects
of chronic dietary exposure of zinc oxide
nanoparticles on the serum protein profile
of juvenile common carp (Cyprinus carpio
L.). Science of The Total Environment.
579, 1504-1511.

15. Clogston, J.D., Patri, A.K., 2011. Zeta
potential measurement. In: Characterization
of nanoparticles intended for drug delivery,
Springer. pp. 63-70.

16. Fan, W., Lu, H., Wang, W-X., 2018. Aging
influences on the biokinetics of functional
TiO2 nanoparticles with different surface
chemistries in Daphnia magna.
Environmental Science & Technology,
52(14), 7901-7909.

17. Farkas, J., Salaberria, I., Styrishave, B.,
Stanikova, R., Ciesielski, T. M., Olsen, A.
J., Posch, W., Flaten, T.P., Krakje, A,
Salvenmoser, W., Jenssen, B. M., 2017.
Exposure of juvenile turbot (Scophthalmus
maximus) to silver nanoparticles and 17a-
ethinylestradiol mixtures: Implications for
contaminant uptake and plasma steroid
hormone levels, Environmental Pollution,
220, 328-336.

18. Ghosh, M., Sinha, S., Jothiramajayam, M.,
Jana, A., Nag, A., Mukherjee, A., 2016.
Cyto-genotoxicity and oxidative stress
induced by zinc oxide nanoparticle in
human lymphocyte cells in vitro and Swiss
albino male mice invivo. Food and
Chemical Toxicology, 97, 286-296.

19. Glover, C.N., Bury, N.R., Hogstrand, C.,
2003. Zinc uptake across the apical
membrane of freshwater rainbow trout
intestine is mediated by high affinity, low
affinity, and histidine-facilitated pathways.
Biochimica et Biophysica Acta (BBA)-
Biomembranes, 1614(2), 211-219.

20. Glover, C.N., Hogstrand, C., 2003. Effects
of  dissolved metals and  other
hydrominerals on in vivo intestinal zinc
uptake in freshwater rainbow trout. Aquatic
toxicology, 62(4), 281-293.

21. Haghighat, F., Kim, Y., Sourinejad, 1., Yu,
1.J., Johari, S.A., 2021. Titanium dioxide

..... S90S T I3 U L a0 agrlse 53 (69, b Chals 4l

N1 gl IFAY €l s cp Ol s F
M\é:r}:}u:: Slp3 Sy 9 Olyd el e e
Ao 58 0355 548 (inT sla il s
(S ple S ) Lases aslilzs .(Danio rerio)
Fee-va0 (F)Y .

7. Anandan, M., Dinesh, S., Krishnakumar,
N., Balamurugan, K., 2016. Tuning the
crystalline size of template free hexagonal
ZnO nanoparticles via  precipitation
synthesis towards enhanced photocatalytic
performance. Journal of Materials Science:

Materials in Electronics, 28(3), 2574-2585.

8. AlMasoud, N., Alomar, T. S., Awad, M. A,
El-Tohamy, M. F., Soliman, D. A., 2020.
Multifunctional green silver nanoparticles
in  pharmaceutical and  biomedical
applications. Green Chemistry Letters and
Reviews, 13(4), 316-327.

9. Boran, H., Boyle, D., Altinok, 1., Patsiou,
D., Henry, T.B., 2016. Aqueous Hg2+
associates  with  TiO2 nanoparticles
according to particle size, changes particle
agglomeration, and  becomes  less
bioavailable to  zebrafish.  Aquatic
toxicology, 174, 242-246.

10. Bury, N.R., Walker, P.A., Glover, C.N.,,
2003. Nutritive metal uptake in teleost fish.
Journal of experimental biology, 206(1),
11-23.

11.Bao, S., Tang, W., Fang, T., 2020. Sex-
dependent and organ-specific toxicity of
silver nanoparticles in livers and intestines
of adult zebrafish. Chemosphere, 249,
126172.

12.Carvalho, J.C.T., Keita, H., Santana, G.R.,
de Souza, G.C., Dos Santos, I.V.F., Amado,
J.R.R., Kourouma, A., Prada, A.L., de
Oliveira Carvalho, H., Silva, M.L., 2018.
Effects of Bothrops alternatus venom in
zebrafish: A histopathological study.
Inflammopharmacology, 26(1), 273-284.

13. Castaldo, G., Pillet, M., Slootmaekers, B.,
Bervoets, L., Town, R., Blust, R., De
Boeck, G., 2020. Investigating the effects of
a sub-lethal metal mixture of Cu, Zn and Cd
on bioaccumulation and ionoregulation in


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\FeY ijt(a)tg.?e)ucrﬁmJLﬂeé)}ﬁéﬁijdiﬁ

30. Lépez-Serrano, A., Mufioz-Olivas, R.,
Sanz-Landaluze, J., Olasagasti, M.,
Rainieri, S., Camara, C., 2014. Comparison
of bioconcentration of ionic silver and
silver nanoparticles in zebrafish
eleutheroembryos. Environmental
pollution, 191, 207-214.

31. M’kandawire, E., Mierek-Adamska, A.,
Stlirzenbaum, S.R., Choongo, K., Yabe, J.,
Mwase, M., Saasa, N., Blindauer, C.A.,
2017. Metallothionein ~ from  wild
populations of the African Catfish Clarias
gariepinus:  from  sequence,  protein
expression and metal binding properties to
transcriptional ~ biomarker  of  metal
pollution. International journal of molecular
sciences, 18(7), 1548.

32. Mansouri, B., Pourkhabbaz, A,
Ebrahimpour, M., Babaei, H., Hossein
Hamidian, A., 2013. Bioaccumulation and
elimination rate of cobalt in Capoeta fusca
under controlled conditions. Chemical
Speciation & Bioavailability, 25(1), 52-56.

33. Mansouri, B., Maleki, A., Johari, S.A.,
Shahmoradi, B., Mohammadi, E.,
Shahsavari, S., Davari, B., 2016. Copper
Bioaccumulation and Depuration in
Common  Carp  (Cyprinus  carpio)
Following Co-exposure to TiO2 and CuO
Nanoparticles. Archives of Environmental
Contamination and Toxicology, 71(4), 541-
552.

34. Mansouri, B., Maleki, A., Johari, S.A.,
Shahmoradi, B., Mohammadi, E., Davari,
B., 2017. Histopathological effects of
copper oxide nanoparticles on the gill and
intestine of common carp (Cyprinus carpio)
in the presence of titanium dioxide
nanoparticles. Chemistry and Ecology,
33(4), 295-308.

35. Mansouri, B., Johari, S. A., Azadi, N. A,
Sarkheil, M., 2018. Effects of waterborne
ZnO nanoparticles and Zn 2+ ions on the
gills of rainbow trout (Oncorhynchus
mykiss): bioaccumulation, histopathological
and ultrastructural changes. Turkish Journal
of Fisheries and Aquatic Sciences, 18(5),
739-746.

36. Mahjoubian, M., Naeemi, A. S., Sheykhan,
M., 2021. Toxicological effects of Ag20
and Ag2CO3 doped TiO2 nanoparticles and

nanoparticles affect the toxicity of silver
nanoparticles in common carp (Cyprinus
carpio), Chemosphere. 262,127805.

22. Hasnidawani, J.N., Azlina, H.N., Norita,
H., Bonnia, N.N., Ratim, S., Ali, E.S,,
2016. Synthesis of ZnO Nanostructures
Using  Sol-Gel Method. Procedia
Chemistry, 19, 211-216.

23. Hernandez-Moreno, D., Valdehita, A.,
Conde, E., Rucandio, I, Navas, J.M.,
Ferndndez-Cruz, M.L., 2019. Acute toxic
effects caused by the co-exposure of
nanoparticles of ZnO and Cu in rainbow
trout. Science of The Total Environment,
687, 24-33.

24. Hua, J., Peijnenburg, W.J.G.M., Vijver,
M.G., 2016. TiO2 nanoparticles reduce the
effects of ZnO nanoparticles and Zn ions on
zebrafish  embryos  (Danio  rerio),
Nanolmpact. 2, 45-53.

25.Impellitteri, C.A., Tolaymat, T.M,,
Scheckel, K.G., 2009. The speciation of
silver nanoparticles in antimicrobial fabric
before and after exposure to a
hypochlorite/detergent solution. Journal of
environmental quality, 38(4), 1528-1530.

26. Kalay, M., Canli, M., 2000. Elimination of
essential (Cu, Zn) and non-essential (Cd,
Pb) metals from tissues of a freshwater fish
Tilapia zilli. Turkish Journal of Zoology,
24(4), 429-436.

27. Kaya, H., Aydin, F., Giirkan, M., Yilmaz,
S., Ates, M., Demir, V., Arslan, Z., 2016. A
comparative toxicity study between small
and large size zinc oxide nanoparticles in
tilapia (Oreochromis niloticus): Organ
pathologies, osmoregulatory responses and
immunological parameters. Chemosphere,
144, 571-582.

28. Liu, L., Fan, W., Lu, H., Xiao, W., 2015.
Effects of the interaction between TiO2
with different percentages of exposed
{001} facets and Cu2+ on biotoxicity in
Daphnia magna. Scientific reports, 5(1), 1-
10.

29. Lopes, S., Pinheiro, C., Soares, AM.V.M.,
Loureiro, S., 2016. Joint toxicity prediction
of nanoparticles and ionic counterparts:
Simulating toxicity under a fate scenario.
Journal of Hazardous Materials, 320, 1-9.


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

A

cadmium in the marine copepod Acartia
tonsa. Ecotoxicology and Environmental
Safety, 145, 142-149.

47. Piccinno, F., Gottschalk, F., Seeger, S.,
Nowack, B., 2012. Industrial production
guantities and uses of ten engineered
nanomaterials in Europe and the world.
Journal of Nanoparticle Research, 14(9),
1109.

48. Prabhu, S., Poulose, E.K., 2012. Silver
nanoparticles: mechanism of antimicrobial
action, synthesis, medical applications, and
toxicity effects. International Nano Letters,
2(1), 32.

49. Rajkowska, M., Protasowicki, M., 2013.
Distribution of metals (Fe, Mn, Zn, Cu) in
fish tissues in two lakes of different trophy
in  Northwestern Poland. Environmental
monitoring and assessment, 185(4), 3493-
3502.

50. Sappal, R., Burka, J., Dawson, S.,
Kamunde, C., 2009. Bioaccumulation and
subcellular partitioning of zinc in rainbow
trout (Oncorhynchus mykiss): cross-talk
between waterborne and dietary uptake.
Aguatic toxicology, 91(4), 281-290.

51. Sayadi, M.H., Pavlaki, M.D., Martins, R.,
Mansouri, B., Tyler, C.R., Kharkan, J.,
Shekari, H., 2021. Bioaccumulation and
toxicokinetics of zinc oxide nanoparticles
(ZnO NPs) co-exposed with graphene
nanosheets (GNs) in the blackfish (Capoeta
fusca), Chemosphere. 269, 128689.

52. Scown, T.M., Santos, E.M., Johnston,
B.D., Gaiser, B., Baalousha, M., Mitov, S.,
Lead, J.R., Stone, V., Fernandes, T.F.,
Jepson, M., 2010. Effects of aqueous
exposure to silver nanoparticles of different
sizes in rainbow trout. Toxicological
Sciences, 115(2), 521-534.

53. Shaw, B.J., Al-Bairuty, G., Handy, R.D.,
2012. Effects of waterborne copper
nanoparticles and copper sulphate on
rainbow  trout,(Oncorhynchus  mykiss):
physiology and accumulation. Aquatic
toxicology, 116, 90-101.

54. Sun, H., Zhang, X., Niu, Q., Chen, Y.,
Crittenden, J.C.,  2007. Enhanced
accumulation of arsenate in carp in the
presence of titanium dioxide nanoparticles.

..... S90S T I3 U L a0 agrlse 53 (69, b Chals 4l

pure TiO2 particles on zebrafish (Danio
rerio). Chemosphere, 263, 128182.

37.Mahjoubian, M., Naeemi, A. S., Moradi-
Shoeili, Z., Tyler, C. R., & Mansouri, B.,
2023. Toxicity of Silver Nanoparticles in
the Presence of Zinc Oxide Nanoparticles
Differs for Acute and Chronic Exposures in
Zebrafish.  Archives of Environmental
Contamination and Toxicology, 1-17.

38. Malvern Instruments., 2005. Zetasizer
Nano Series user manual, Worcestershire-

UK. Issue 2.2.

39. Murugan, S.S., Karuppasamy, R.,
Poongodi, K., Puvaneswari, S., 2008.
Bioaccumulation pattern of zinc in
freshwater fish Channa punctatus (Bloch.)
after chronic exposure. Turkish Journal of
Fisheries and Aquatic Sciences, 8(1), 55-59.

40. Naasz, S., Altenburger, R., Kihnel, D.
2018.  Environmental = mixtures  of
nanomaterials and chemicals: The Trojan-
horse phenomenon and its relevance for
ecotoxicity.  Science of The Total
Environment, 635, 1170-1181.

41. Naeemi, A.S., Elmi, F., Vaezi, G. and
Ghorbankhah, M., 2020. Copper oxide
nanoparticles induce oxidative stress
mediated apoptosis in carp (Cyprinus
carpio) larva. Gene Reports, 19, p.100676.

42. Nidya, M., Umadevi, M., Sankar, P.,
Rajkumar, B.J.M., 2015. |-Glutamic acid
functionalized silver nanoparticles and its
nonlinear optical applications. Journal of
Materials Science: Materials in Electronics,
26(6), 4124-4131.

43. OECD, 2012. OECD guidelines for the
testing of chemicals. In: Section 3:
Degradation and accumulation test No. 305:
Bioaccumulation in  Fish: aqueous and
dietary exposure. OECD Publishing.

44. Pandurangan, M., Kim, D.H. 2015. In vitro
toxicity of zinc oxide nanoparticles: a
review. Journal of Nanoparticle Research,
17(3), 158.

45. Pulit-Prociak J., Banach M., 2016. Silver
nanoparticles—a material of the future?
Open Chem 14:76-91.

46. Pavlaki, M.D., Morgado, R.G., van Gestel,
C.A., Calado, R., Soares, A.M., Loureiro,
S., 2017. Influence of environmental
conditions on the toxicokinetics of


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-13 ]

[ DOI: 10.22034/17.4.65]

\FeY ijt(a)tg.?e)ucrﬁmJLﬂeé)}ﬁéﬁijdiﬁ

58. Vale, G., Mehennaoui, K., Cambier, S.,
Libralato, G., Jomini, S., Domingos, R.F.,
2016. Manufactured nanoparticles in the
aquatic environment-biochemical responses
on freshwater organisms: a critical
overview. Aguatic toxicology, 170, 162-
174,

59. Ye, N., Wang, Z., Wang, S., Peijnenburg,
W.J., 2018. Toxicity of mixtures of zinc
oxide and graphene oxide nanoparticles to
aquatic organisms of different trophic level:
particles  outperform  dissolved ions.
Nanotoxicology, 12(5), 423-438.

60. Zhang, L., Wang, W.X., 2007. Size-

dependence of the potential for metal
biomagnification in early life stages of
marine fish. Environmental Toxicology and
Chemistry: An International Journal, 26(4),
787-794.

AY

Water, air, and soil pollution, 178(1), 245-
254.

55. Teles, M., Reyes-Lopez, F.E., Balasch,

J.C., Tvarijonaviciute, A., Guimardes, L.,
Oliveira, M., Tort, L., 2019.
Toxicogenomics of gold nanoparticles in a
marine  fish:  Linkage to classical
biomarkers. Frontiers in Marine Science, 6,
147.

56. Tong, T., Wilke, C.M., Wu, J., Binh,

C.T.T., Kelly, J.J., Gaillard, J.-F., Gray,
K.A., 2015. Combined Toxicity of Nano-
ZnO and Nano-TiO2: From Single- to
Multinanomaterial Systems. Environmental
Science & Technology, 49(13), 8113-8123.

57. Vale, G., Franco, C., Diniz, M.S., dos

Santos, M.M., Domingos, R.F., 2014.
Bioavailability of cadmium and
biochemical responses on the freshwater
bivalve Corbicula fluminea—the role of
TiO2 nanoparticles. Ecotoxicology and
Environmental Safety, 109, 161-168.


http://dx.doi.org/ 10.22034/17.4.65
https://aqudev.lahijan.iau.ir/article-1-811-en.html
http://www.tcpdf.org

