[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

SO ulid alo gla fungfy 4 pid
- Journal homepage: http://jair.gonbad.ac.ir

]

53919 9 Sl (p gl O 5139
99l aiS olRiits

O 2l Sidg S0 b dg2 190 48 (Carassius auratus) (MBI Salo GiiaT Lol (55195 § (i 320 w2

T g phe wale Ldy ol & Loy crme T aiglan aigS o Sl " gy (it T Salan ST e o o198 pl 150
Ol o5 055 (omml lie 5 (55 y5LiS pole olStils cony; Laoma g ML 0uSLails (LT ()l 000 9 g 09,5 (525
Ol 5 (8 (oree wlie 5 (55,5L8S pole oKl wunnj Jarzms g NS 0aSals (b RT (55000 0500 9 W5 098 Lol T
Ol (o5 plndS (S pole oKl x5 29,10 (218 slo 00 )51, Cuodls Bl 58 po sl

Sl Ol A5 18351955 5 S, pale (5 0aSiimgty ¢ 53938 Slge g (1 09,5 yleils”

Sl S el SRS ¢ el ailia 5 (55 5LES ouSils WD 09,5 ¢ Lokiul”

oS

oo 131 3590 53 (5lod yind cla 1,55 g Wlood aislud Heebig couwin¥T ylgicas LSuwdly g ,Semo
Ol panddd )0 canlio glaghs) 51 (o (U (olboamsl (plse (wyp 1 3929 byl ogill
(PS-MPs) ¢y sl by (SSusdly 9,50 der 3 g0 i ¢ 50 el b T o (hawmo (souiy YT
SoawdlS awbeiscdl o oo @iyl g olwlil (Carassius auratus) b w5 ol sl ;o
B ialo)l plail Cus 0,5 VAIBBEY/FY g buwgio b oIl wgo oalo Sas VY olasi .ol oy 9 il
L g o ygidd) Wglisio o Sloc go L A 9 +/TH (um) o305 s0gumo 90 o ol gy ol sl
39 plo sus FF (5 )5 5lw 0590 31 v Tal o .o plail s po 95 30 b yiule3T .iud yuw (Sdww ygils
- dignd 08,5 1,8 (i ygids (PS-MPS) A g +/YA (M) 031l 93 o 3 ¥oo MG/L (PS-MPS) culi cdalé
35w g ySoro I ooliiwl b rdiges 31 g b )5 ygm0 sl 1FA 9 FA FF slaylog 5o Liial cdb 5 ylo
39 39) YA Goway (alo 3ue 17A SO3elgilgiund (55198 (it S s - (5510 2 9ol Ly g2l
13 3 Foo MO/L ol Cllé 3 lale agalge cclio 18A 51 g i 3BT CSeadlS wbodedl bo,
Olyd Cdale o YL 0,5 logy @es il b j0 A g +/YO (um) olasl g0 2wl Ao o ygild
(mm) g (+/Y+) £ +[+QA) A (um) olel b &1)3 4o lawgio jebd iudal cdb 4o 4l aexs MPS
bl (o2 0 (sl ] S (339 055 ke 8 (615141 055 95 Km0 (/YT £ o[oFF)/YD
ars Jlasl (oY Gyl 936 ek pgabin] (Sl o oY s 1951 silo (o0l il il
Gul Lol ey oualin wall 09,5 4 Comnd 0310l 09,5 90 3o 0yl (b 250w g Mo (Sl ol gS (o
il )0 BSiudly g ;Sono 4z ST C8)5 amii ol o0 g yliie Uil SIS )3 (2)les 9y
reinols 63 5 0905 B T 0gill cow @il 51 Jg il axdls ;5T cdb (g9, 2 g wiled S oy g olale

0,10 3929 dewy ol 5o M Ol @ 3L 9 conl

sl slaojly
S Saswdly g 5o ¢ 30 8 Blo ¢ o b o (i ] <L ( FoglT

Wl £o
Jeol 29

o azsw 4,0

247+ 0V sl o
Q4L A0 sy

A0 J ghonn 0 93

—oye 5 g 35; ezl (ol ST oo
Can) dae g IS eaSzils (bl sylop
WS b gl 5 il pole lfais
Olpl oS

Hedayati@gau.ac.ir : .|

doudlo | )

el e, (PlasticsEurope, 2018) o500 (o Jolo |, Al 6, St (il Glaz 50 Sl o g 3 slaaas o
s gST i Ol Glapiasn (ailjge 51 50) lg ‘;ogﬂ O, el oty 5 Gedes YO 4 YNV Jlu j0 a5 (5,6bay
S oz Gl Wed e ey sleelSiin) 5 2l RERCIC WISV At POV ES e S I S
dolyyo b b e (o 85 lacollad (50 (555 (ole conio oxe 9 $))iS (Br g S Sl pilgd (ilugyoe lu 5 cSla

995 oS olKitils | \fo. © UP) FO-QY ) Fev (g3, l5 liiolo claiagsy 4 i


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

ohes g olus

GO (b plo s pdgh 4 i | ¢4

Lol ool yo a5 (Persistent organic pollutants (POPSs))
Jar oSty s b 5o alogay wi)ls 3325 65 oy cile |
50 3lge 3l atws cpl cdale b o5 o g0 LPOPS (g5 ST .aigis o
Sl sy g oS ikl Glllas 4o (Teuten et al., 2009)
'5)1..0 ol uLw.A C.)L..) Gl 00 ﬁl?o‘ uLdbLo » Myas)i..o
u*’)'ﬁf oiwo Jf slacs! 9 R g ol o3l Lngs_iwu)L:
Lusher ) ssi o olge ol 51 o glosl Jdoay adss 2als 5 oale
- o Sty S By (et al., 2013; Wright et al., 2013
D93 dygidy A4S Bgud i yleS olfiws Lzl g 0 Sles Candl coge Llgs
Jabeen et al., ) ogd oo lale ,5 god, 5 Sludss OISie Cogo
GlSe2 5 oy lawg a5 slasllle o (2018; Peda et al., 2016
= s pll Sebastes schlegeliiy 455 L, (Yin et al., 2018)
ot Sy Secn 0,3 V7 om0, S8 5l e 45 8l Lt
@ Bl AL 655l 5 oy w8, (is GIP £ S R opbel
oolS aals 09,5 4 Cond 45wl g0 %D 5 %FO/V BFOIT o
slogul coge Wy Grizee LSEDLy Ko bpan
Lu et al., 2016; ) Soglplio ol,ns (LU et al., 2016) Lo
olale el gl w55 > L oo (Mattsson et al., 2014
Gl 5l o ke

onl » odle (Greven et al., 2016) sqi
WSy il waile s Gleplail 4 plraly 4 0B Gy, b
Luetal., ) wgs oo laplail cpl & ol el ams ;o 5 oiiwn
(2016; Yinetal., 2018

bl S oy mesd 005y Sldgzge (s 10 Slge oyl a5 oK
oo adis 1l g e aiile (ol 2)lse bl e (VL
2> ST eguilacnST ol iy (39,0 998 9 5551 0 ST
Besseling et al., ) ai,ls o5 Coams > 5 cmae o,Sloe 5 oo
o iy 2 4 (5 ke Slalllas (2014; Rochman et al., 2014
“st Sty Soe ol patuiie g Cel i LB S g e
ol 9 (ROS) (55081 sla STy elgil (6 25 IS8 G ge il
Browne et lap,S 4 (Avio et al., 2015) la glaiSgs ;o guilanns]
Sl mals Coge Wiy e SitudlygSee g (@l., 2013)
(Browne et al., 2013) wgd oa,S ;o sl Gl ol joissSs
coge wilyice Ll See a5 ool olis Sllhe S
Ol Seidly g e e g 0y ldgrge )3 (mas Capow
@by SzsS Slogzse (omar pacw 0 P coge Wlgioe
PS-MPs, Polystyrene micro ) pbiwl b Sowdlyg Koo g 09
oeolS awsay baglaasss jo |y poliwe ol 31 wilgs oo (plastics
Avio etal., ) oS slwl (AChE) jl il oo JsS Jul o 51 cdlad
(2015

Folo adlllas S (S Joo 5 plaied (DL (ol
Joo el ol plRaalejl Ll s 5o 0 (6l 5w Sl
w5 9 0 e Blide Lulpd ) pey b 4 cod (YL

Glp a4 Ople WP s il la gl (e slac b
5 by 4 (Sadly glaailony 3555 0 wxs JB Lo
3955 95,5 o smiim (Geyer et al., 2017) coul axsls o ugill
Sl slojlasl 4 su] dams i B ol pitewsST & Sl
bsle 7 5l it bosgildl 5 Kbl oz o Cil aalys
aS (glaalllas aix> L (Simon and Schulte, 2017) ss aales
Slas @l wanl oad plool baygaS ple o il dizes lawgs
U Gl Fosll 5 (2l ST 4 L SGIW 399 a5 Zewl ool
4 i can Dple deolling cup el T ogzy
(sl Ol Gl GladisS (B 58 el e sleelin
(olo bl olaj o coliz GRals (ol JBsdes o DML
@by @lieplio 5 b Caro (S S Cuio p dedo
- (Simon and Schulte, 2017; Gregory, 2009) wigds o
5 oD g 55 alide Jalge 15 bl ys 5 bougildl 4 oad o)ls sla
MP, ) Seidlg Soe 9 Seidlygre o Sdl Soe ply (2loaSS 4
55 Jelge alax 5l aied oo Jiawd (Ssldl ) (Microplastic
ol )l bawg b 455 4S5 1§ 0 55 Y plpien Sedly
SV oanhyer e a4 i6)8 cu S ST oy S wile o
¥ e Langie slos o 05 L2luST S 1 5yl gl
ol b g8l s paee =0 ol slales o o3 ol
.Jambeck et al., 2017; Al-Oufi H et al., 2004) 5,5 Lzl
s sl e 0 oy eSmysie 5 acSitudlys Sos
Jro ghlal 5l 48 Glle S g caml coge aVle g o
ol Iry wgdoe GBNE  baale by (olpsoBan
gl g0 S ye 50 g oud ddd Sy ols &jed 1 s ol lails
56 Lol iz 5 pllale Syo 5l ey (5 00 sl glacsizadly
O 3l el g dgdoe oasSTy Laze )3 0jbgs 5 wileoe (SL Lo
Eriksen et al., 2013; Castafieda et ) wo 5 oo ol lail> Ko oo
Sk sl 55 bys w8 FFe 5l i YT JL b @l 2014
Slas s 3 el oluls 86 cos oS wlead aslis
(Thompson and Gall, 2104)

ooy a3l a8 5 5ebsi lmoan VT lsied; LbSadlys S
@ ooV cpl sl a8 5 18 o dbios 4545 ,50 il ams wix b
5 Al o 45 39 oo 4 FIVO MM 51 iaS s b Seadl olyd
5 b Cdle g 0l Sy by lalae 4 b sladl,
(Chen et al., 2015) s;lul Jlsay 1, ol il

Jie ‘;T looan¥T ol Oew S g S 992 oy
«(PAHSs, Polycyclic aromatic hydrocarbons) . s sleess,Y]
wo e i K wlils o (PCBs, Polychlorinated biphenyls)
"o LSy e iz WS i e O 3 0 5 paraslS
2 gl polie fnj ges Gayb 3l g oud GlAE 0z o)y alys
sk ) (e 3 2l g oad iy (5S ) Slogzge G 2l
Teutenetal., ) ws 5 oldcolge Fogdl 5 b0 slaaiss § o sl
Sl JT sleeas¥T u>ee (2009; Ashton et al., 2010


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

Y|

e MW Blo Siial Cd (plge g Suwt R0 oy p

-edale 4 «(Besseling et al., 2014; Della Torre et al., 2014)
e)L).J‘ Gy g (LU et al, 2016) w)‘]a..m L) )lf)lad Lglib
(Ding et al., 2018) cas asrie 38 jsbay sSE o

OB 0 (Bolal Oygods o ale (gamlnlo] 0,90 I e
plodae FY) ad 3 18 0g ol ¥V Joli i5me 2 a5 (glaind
Zlle eogame 0 syl Of (iulejl Jalme eolaiwl 5,50 Ol (
Sl S S Wl b | el sl Jsbre g 5
Sk Voo oles cdae 4y Galizes ojlasl g0 jo o ygald o plal
wd,S e cdale bl b ey lele g ol asle o) o
50 lacdale b agalge celo VEA (Gialejl 5l al> o cpl 0)90 Jobo
—diged b, 50 e Celu VPA g cele FA (el YT o ;g
095° 8k laaiged - aias SLl il gilolazr sl e 2
Y 5l g a3 )8 18 (auoyo Vo dleyd) oo Cods Joloe
sl 5y b (650l s ol i o g A JSI 4 el
O 9 Job S 50 aslsl jo g sl (aoyoV e e gAY A AL) L
2l Lol oBiws lawg Jole opl seled Laian o)l 8L
(Tissue processor, Triangle biomedical sciences USA)
8Ll b e Lol ol plol Sl (6l 0ol iy yo ol o
&S5 JB Tissue tech slacdB (g5, » (OF-OA°C 53 sled)
Olympus ) pgig,5e olfiws 5l eslatwl b acdl)ly sl dB 5l .o
S8 51 e 5 Angs OUM Cweles L ol s (CUT 4055E, USA
G o eols 1,8 (£+°C) jS 3o Sl /0 Sasds oY (g9, g polo
5 930§ o Botigas 358 Bl 23l 5, 51 Lol il
580 00 Uyl alS slags o st (Job L o ol
5 kS giled slaJoloe 5l oolitul b g saze asl (aoys Ve
Sid U oo Jate oyl 4 loame el sl simel S5, o08]
(o8l (JabsS ( BLD Jolhe cpl jo oo oolatwl lge (oled .aigs
JoY ol o g Merek gleeS Jpame (cnj98l 5 (ebenS silon
Abarghoei ) ai sailews laaY (59, alJl 16l a5l oolawl b
by oy cpl mess Gldl Ay ol 5l Gus et al, 2016
ojlasl Cpx g il slagle; jo glite slaejlail o (il
g o Lol Gl woads i gild slacSioindlg S cdalé (6,8
S o § b bl golesul (S S jo cell VY G
oS gl ax o Ve gl jo Voo S sl Soyis j0 pan
7 4y 05 ol gl Colgd p0 g 0d 6)leS Cele ¥ Suesy
5 Sy Ko clale (Lu et al, 2016) aw, O cc oW
Job 5 o b o ygtlh SagibgiSind alwser haale pita]
44.1.’>J.4 u;‘ )‘ o W) ‘_gffo)l.ul OA-NM 5 )l.«au)‘ ) 66-NM T
onl el sl oale ae VA Lo alsil sl Caons sla il
<10 D ppm slacdale o lale ol bkl Slisle;l 5l al> e
09,5 99 Egezme ,0) Ai8,5 (13 o bl b ol g0 o e e/ 0

ez ale nl 5l Ygane cnl pogdle S pdy o 1) (slos inS i
Atamaniuk et al., ) 555 o ooliiwl pgows allael Sl o)y
(2013; Ghosha et al., 2017; Grigorakis et al., 2017
ot il (Stdlg Koo o5 ol g5 gt 5l (S onbilish
a8 sl 5l (Rochman et al., 2015) coul o cus jlae 4o
5 oo s3ld oz (55l Sy oy plale sl Slogzge (o
Ol el st iy ¢ olidolge b lacSidls See 138 alis
Ot g a2 g aesd (lie oy adlae ol 5l Bas waies ol )3
v u‘a...cdu @)Uouul)l.f C;Q:Lo 5 (PS'MPS) )Jg.:).’x.o 6[.@4:)‘&4‘

Db Gy Joe

Lty 99lge | ¥
9 bwge L ol ase ple sae VYV olawy AVAA L o
OS5 bl 508 (oale (Bygn 9 5SS 3550 5l e S VA JOBEY/E
S St ile g o po SO (g5l sloansS Ly g ags
ad e (855 ganb mlio 5 (55,588 psle oS8l (55965]
Lulpd o e 5 Soear waxr Ceddee b Ble Gl olele
Leome 0dn eyo 99 ol @y oy 50 5k 50 5 5SS IR
Hedayati et ) wos 20ldé (5w o> 10 5 iud ol5 5,0 glie
«(al., 2013

IV £ b PVA) ISl deus b pogige (lyicar o plial
I Gty G155 oole 5 oaniSon lsiear Joo p pyS VYAS -
W es,o 5l S5kl glye @ aensTn ddgrn 5 pldl S o850
2lo g o i eslitl 5l L3 o pliel diad (g5l 5 (50D )30
plod )0 iz 8,5 18 oolatul 050 &jg0 Hleday (oleards Slge
ool b oulial dy O3 as eny e ojms ol oliyls;]
Slidos b Bl ((Aedss 5 (Smmndgsl gl yedly LA 5 +/VO (M)
TahamiVakili et al, 2016. Shohani et al, ) o asls LS
(ST J593),5 58] (39 woy0 V=Y oy ol ooy (2017
B e R ST e B I T
S 5SSO 50 amml i pendy 0l 0ols 15 adBs o 450 DOV
yosige (glyad 5 S adlsl) cuS wdlsl (ad a4 jpore cilaodn (g,
e Fro STy Bk s s plol miules 5 0aiiS i W0 i
Ve Sopar (g 5 g ad Aol eanS ety 5 53l e Of 2
Lo s 03l s 0l 51 Jslome (5081 035 @ )5 sl 4o
S b ogmpNa (oes ed g odle, Sl S il Az A0
et gal iy yorly (2iSTy g o adlol okl ok oy bl el g
s ysl8 oyl b angs sl Umlye ol solod 2l aelsl el A
TahamiVakili et ) o 1,55 o1 Joloee 40 b crslog, (40,5 adlol b
.@l., 2016: Shohani et al., 2017

a8 Jlos! (6 loay glocdalé Tzl 45 LCoo oogime fpeasd St
“Yoo oogaome yo YU glacdale g oy lis Lo slacans i
Sl A7 oy Do 55 e 9 Sye sl o il 0 S L Ve
ooy Slallas bl anlllas ol glocdale g, 5l ot anlgss


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

ohes g olus

GO (b plo s pdgh 4 i | A

I i jils oS Sae 5 ool b o] bl L 0 Sgzge
s ol b ppaal celu VPA Glo) Suoe jo iaiol sladiges
u,w_»’l Gl 50 ol G,y gt Sl g, Olyd 0429 oaimo oyl
O K8 s

VPN Gloy Dde [0 ol Coww,eils sl SauVog S clale
0 e 3 650l ¢ tag,Sen A g VO slal 55 o (sl el
ms ey ol Gl Sl 50 oole cnl il cagzrlse (o a3l L
3 e opSen A slal 3 laSzdlys Se Gl St Ul oS
Wl geaS Sty S D3 CalE o 5V ABb oo yhagSret VO
E /oA heg S A ojlal b &3 (6l dawgie jeboay il 8L o
a pS e Sent IYVYE [ 8 g S +/V0 olal b 3 glyy g /Yo )
A e Gl 2 (3 05 e 0 1]

2 b5 ol ol Sl bl Dlysd cwyp b
mg S Dglite 00l g5 5l Cilide glacalé b agalye cow (gloog,S
JS) axle Glitte (B)lse wald 09,5 4 S () pliwl Gy Sdly
(Y Oll gl 4k paalin] Sasly (Y peypl (7
& ot o1 i 5 MY (S i s sloaiss L]
Ay Bylse Sul LE(Y 5 Vg )0 uli ) ab caslin aall 05,5

Aolss ke Gl L 5 og i yles,See IV & S yleg S
55 9y 6y Db b

Slam (LB Y LSS aw Jols cale YV L jles jo g o)l )l
Blse in Sax Gl ladise Gy YA Dasay agzlse
LT S8 (alid S8L (g 4 g silelie S5l s
(Abarghoei et al, 2016) s

oolatl 3 gy 5l (owbidbmn] Ol podd Sal oyl Sy
BUY (+) ouds ouanlive ad)le ¥ ) o( =) adle oanlive pas s
Sy s () o odmlie 451 ) B0 o ++) o oualive 4 le
asboe asjle ol saimolis bawdle pl a5+
(Riba et al., 2005)

Py Sae by (i jglls SIS (5 me )3 slacdly gl
gl g S0 el gaS el (LX 400) Jow Labo Med e j5ils
Olympus) (5,55 55y oo Lamsgi Sl (cliiszdly sl
bgi Sl See clile 0l g pngal (nlf HeaS cSle
cale (F-7000) Jow rbd cojsild ogidy oSl oS
A g Sl (nls el

@ | ¥
Perkin EImer olSiws) ols oylas sads jiw o pliwl L FTIR (ol
YoV slacsas o wis sl (G ] esle Spectrum 1 Jow
Sy il 4 Lo Sen A CML 5 VAY AFA- OFAY 5

B oo oY ot yoiT 1 A) i o3Il g CALE 55 ¢ bl oy Sl 9,50 b agalge o (oMb W)l il ol cdly Ol i 51,5 55 999 500 - ¥ JSUS
(Vo x 2los 31 oIl il G )(Fo x oy loi s el Sl cyoid iy F SeY St ol E ey il 52 s D ey il (6 i JLai :C cpguig | Fool o


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

|

e MW Blo Siial Cd (plge g Suwt R0 oy p

709 350 + [V bl 55 ¢y bl gy Setawdly 9 5w hlicho GLOCIE b agrlpn 50 (uiil Bl (559) 93l giamndd Oy ) Jguir

ppm g )Lf_g)iyob . 5%61& T 5 I 6LQM)LC

o 10 o0
++ ++ - - L;{)l.ny W“‘)?‘]
4+ 4+ + - pgalinl ‘_;M])’
++ ++ - - 4ol gaxs Jlasl
++++ ++ ++ - 4{5.31.'5' ‘_;)')Liﬁlm
++ - - - MY (Sl olisS
. ; - - Lo Jolos (5

{Ribaetal., 2005) (+++)V\ I iy 5 (++4) a5,le)) B0 (++) ad)le O B Y d#) ad,le ¥ 1) o -) as,le oamlie pac -

0550 A olal 5 ¢ 1 bl oy Sy 9 5 Smn cilizin (GLCAAE b aglgo )0 indil Sl (655197 g Sl —Y Jgizr

PPIM SKtdly S st o slocdile il sloas o

o 10 RN
++ ++ + - &)Lay f“'“‘")}j
et ++ + - poalin] g;MT)'
o +H+ ++ - &gl sans Jlasl
+++ +++ + - 4.»9;[; 6}%,@&
++ + + - Ma¥ (SadolisS
+ + - - Lo Jobo ol (05,850

(Riba et al., 2005) (++++)\\ 3 i g () A eV Y B O () as)le DL Y () as,le Y L) o(-) a5 le onnlis pue -

oS o] ki (ubis Jlasl a5 0345 0 ghaiesiz ol ale ol
O ol eagean 1y (G5 DlaS 5 @8 5 (5k ol ol mplas
i ety 5 Sl GLLI T L (6100 28 olod gl (slyls pls]
Wilson ) o wl.w} )L».w.l Lbod.uyi 9 @L».o*w bl}a )smd.o Cnns
§ Lix (xesS oy p addlle opl 5l Gue (@nd Laurent, 2002
—9 500 ol sbices oMb el )5 ale Ll ol cwlidoan]
Sles Jsb 55 g Sslite slacdale 5 olal ;5 ¢ plewl L Sesdly
Az oddlie w,yp o sleg S 0 (5w g S e e iule)l
@olo il 5o by Soe s (2l bt 5 pozs
adlas ol jo cewl ouis plol iy Sldlas jo Db WIS
o Glale Giudul jo (M) A g + /Y0 o3lail edgaze jo )3 aezs
5 ob gpSojlul ral cal yo ol ol clale g soaliv e
orlae Hloy ol bwcelo VA (o) o 0 08§ e
Cale YL S e Ty il 2l s oSt s S il
Gl Lagie jsboay ol cdly o ail aend Siudlg e )3
sl b oLd el g oIVeN E ofo Qe jmeg,See A ol b )3
039 PGk o Sl 4 )T g Seer IVVYE) P ey S /YO
o3l b olyd b, o sl aS T 092y b o s o] S
Sy pezd Lol il i s pa 4y s iol38l Loy ¢ 5SS
@ el ol g AL Gl S8l p0 19 ,Set Y0 &y Cud (59,500 A
ol b o lagyT (ST 5 s 0ld sojhil I35 3l s
by s i 5SS ple b Sl AT gsm0 4y ol SySslams
S 9o el ygee pae Jdoay 55 ple b Ol (Jgead o5

S Sz g eoxs | F
b ol Jle olaiea ol o gons idal il o boee
Oly o (53 (19,5 e & Wil e fleg S Vool
5 g, AVl aS >0 (Browne et al, 2008) x4
Watts et al., 2014) oS o low gozs Sz 5 il g 009,
> i 2ld8 Blge flgrean |y Sl &l lale ay o Hlaia
Sygods FSzeS Sl g wS oo QB Blse (nl ($35l98 )9
5500 beplal 4 alg so g Wgd e 00,95 Lo lawgd adladis
Shals bawgs 35 5 S sload L old a8 Jlo s wisd Jite
-9, Olyd Jle sl .(Jabeen et al., 2018) wigd oi b pae
S5 Bl 0T 5 009, il 5 ()Se B kb b bl
o ki g See Yo ki b 55,5 @l,d as Jloye wad osslis
Luetal., ) oS o aezs oS ;0 g aiod odslin 03y, 5 sl
Ol $Sslan Ol 4y b e il cannl sadiosls jaseis les
@ly® Slogzge 5l ogame jla (e ST Slogzge g9y 5 DS
Gb)débbcb; B ‘&Aw)be)iaﬁ ul)o O)I.A.J aQ 4.4...».1‘9 s_)d.> ]
soba LA, S fausls a5 oololis bl 5 oul aslllas
b ol 5 (Wright et al, 2013) Las e 1,5 o35l b 5l sone
Sbaplal 5 2136 anab o310l b L3 ol (58 laod 4 (slala>dle
Ve o5l b el Jle Glsieds ol as e yild pgase
Chua et ) ».\.)}.A‘so o».\.aJJ LQ.)}\ k5‘°"°—‘ A.Luujés LS’L“'] LY ).a.oj)s.:.c AR
b 2ld 5l aS el ), o5l e S V 4 JU> o @l., 2014
Sl (Hamer et al., 2014) coul oo loz liwgy Cow odae


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

ohes g olus

GO b oplo slo gy & ol [ o

and additives to worms, reducing functions linked to
health and biodiversity. Current Biology, 23(23):
2388-2392.

Castafieda R.A., Avlijas S., Simard M.A., Ricciardi A.
2014. Microplastic pollution in St. Lawrence River
sediments. Canadian Journal of Fisheries and Aquatic
Sciences, 71(12): 1767-1771.

Chen H., Jiang W., Yang Y., Yang Y., Man X. 2015.
Global trends of municipal solid waste research from
1997 to 2014 using bibliometric analysis. Journal of
the Air andWaste Management Association, 65(10):
1161-1170.

Chua E.M., Shimeta J., Nugegoda D., Morrison P.D.,
Clarke B.O. 2014. Assimilation of polybrominated
diphenyl ethers from microplastics by the marine
amphipod, Allorchestes compressa. Environmental
Science and Technology, 48(14): 8127-8134.

Della Torre C., Bergami E., Salvati A., Faleri C., Cirino
P., Dawson K.A., Corsi I. 2014. Accumulation and
embryotoxicity of polystyrene nanoparticles at early
stage of development of sea urchin embryos
Paracentrotus lividus. Environmental Science and
Technology, 48(20): 12302-12311.

Ding J., Zhang S., Razanajatovo R.M., Zou H., Zhu W.,
2018.  Accumulation, tissue distribution, and
biochemical effects of polystyrene microplastics in the
freshwater fish redtilapia (Oreochromis niloticus).
Environental Pollution, 238: 1-9.

Eriksen M, Mason S, Wilson S, Box C, Zellers A,
Edwards W. 2013. Microplastic pollution in the
surface waters of the Laurentian Great Lakes. Marine
Pollution Bulletin, 77(1-2):177-82.

Gall S.C., Thompson R.C. 2015. The impact of debris on
marine life. Marine pollution bulletin, 92(1-2):170-179.

Geyer R., Jambeck J.R., Law K.L. 2017. Production, use
and fate of all plastics ever made. Science
Advances, 3(7): 759-782.

Ghosha P., Thakurb I.S., Kaushik A. 2017. Bioassays for
toxicological risk assessment of landfill leachate: A
review. Ecotoxicology and Environmental Safety, 141:
259-270.

Gregory M.R. 2009. Environmental implications of
plastic debris in marine settings—entanglement,
ingestion, smothering, hangers-on, hitch-hiking and
alien invasions. Philosophical Transactions of the
Royal Society B: Biological Sciences, 364(1526):
2013-2025.

Greven A.C., Merk T., Karag6z F., Mohr K., Klapper M.,
Jovanovi¢ B., Pali¢ D. 2016. Polycarbonate and
polystyrene nanoplastic particles act as stressors to the
innate  immune system of fathead minnow
(Pimephales promelas). Environmental toxicology and
chemistry, 35(12): 3093-3100.

Grigorakis S., Mason S.A., Drouillard K.G. 2017.
Determination of gut retention of plastic microbeads
and microfibers in goldfish (Carrasius auratus).
Chemosphere, 169, 233-238.

Hémer J., Gutow L., Kohler A., Saborowski R. 2014. Fate
of microplastics in the marine isopod Idotea
emarginata. Environmental science & technology,
48(22): 13451-13458.

Hedayati A.2013. Aquatic Toxicology, University of Gorgan,

@S (Jy b osaline 09,5 95 10 15 plive (5)l9e (STlgikgnnn
(oY yoil wiile Lojlee Sl s 1) SLuSy adg, al
sl slaarg Jlasl ( Y Bl sl aid pseligl Sl
4 Somd 03lail 09,5 93 8 3 (ud (2588w 9 MY (Fad obsS
G Cad 5oy, Sue Ao plee Suls Lol ol csslice waalls 04,8
Sre Oad b )lse ale AIBIL g og i ey e +/VO
JRYTSERIENTR SRS I PR WP PRI S
s elonds 8l ol Cge 5 wlen S oy aess lale ]
Sl oz el Laseiel g0l sgax U lagl ogall oms il il
3529 oAb Wl )5 ole p paiin Olalllas o alie gl a5 gloil

Sl 8925 Ao cpl 5oy (eSS Slalllas 4y 5L ol

(S0 b g ,Sii | O
Gome 5 gole slaculem L 5,550 ale, B o s oyl
L85 G0 B b mlive 5 (55,5LiS pole olKils

O S g5 S g Sl Sy

sabarghoei67@gmail.com (02990l 900
marinebiologyl@gmail.com taalan ST Jeaw
marinebiologyl@gmail.com P JRICE
raeisi.mojtaba@yahoo.com glan &5gS 1l ol e
b.shirkavand@gmail.com toldy

amirabed@ut.ac.ir Camgdple wle Loyl

REFERENCES

Abarghoei S., Hedayati A., Miandareh H.K., Ghorbani R.,
Bagheri T. 2016. Histopathological effects of
waterborne silver nanoparticles and silver salt on the
gills and liver of Goldfish. Carassius auratus.
International Journal of Environmental Science and
Technology, 13(7): 11-18.

Al-Oufi H., McLean E., Kumar A. S., Claereboudt M.,
Al-Habsi M. 2004. The effects of solar radiation upon
breaking strength and elongation of fishing nets.
Fisheries Research, 66(1): 115-119.

Ashton K, Holmes L, Turner A. 2010. Association of
metals with plastic production pellets in the marine
environment. Marine Pollution Bulletin, 60(11):205-
205.

Atamaniuk T.M., Kubrak O.l., Storey K.B., Lushchak
V.1. 2013. Oxidative stress as mechanism for toxicity
of 2,4-dichlorophenoxyacetic acid (2,4-D): studies
with goldfish gills. Ecotoxicology, 22: 1498-1508.

Avio C.G., Gorbi S., Milan M., Benedetti M., Fattorini
D., dErrico G., Regoli F. 2015. Pollutants
bioavailability —and toxicological risk  from
microplastics to marine mussels. Environmental
Pollution, 198: 211-222.

Besseling E., Wang B., Liirling M., Koelmans A.A. 2014.
Nanoplastic affects growth of S. obliquus and
reproduction of D. magna. Environmental Science and
Technology, 48(20): 12336-12343.

Browne M.A., Niven S.J., Galloway T.S., Rowland, S.J.,
Thompson R.C. 2013. Microplastic moves pollutants


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

o |

e MW Blo Siial Cd (plge g Suwt R0 oy p

first edition. Iran. pp: 70-76. (In Persian).

Jabeen K., Li B., Chen Q., Su L., Wu C., Hollert H., Shi
H. 2018. Effects of virgin microplastics on Goldfish
(Carassius auratus). Chemosphere, 213: 323-332.

Jambeck J.R., Geyer R., Wilcox C., Siegler T.R., Perryman
M., Andrady A., Law K.L. 2015. Plastic waste inputs
from land into the ocean. Science, 347(6223): 768-
771,

Lu Y., Zhang Y., Deng Y., Jiang W., Zhao Y., Geng J.,
Ren H. 2016. Uptake and accumulation of polystyrene
microplastics in zebrafish (Danio rerio) and toxic
effects in liver. Environmental ~ Science and
Technology, 50(7): 4054-4060

Lusher A.L., McHugh M., Thompson R.C. 2013.
Occurrence of microplastics in the gastrointestinal
tract of pelagic and demersal fish from the English
Channel. Marine Pollution Bulletin, 67: 94-99.

Mattsson K., Ekvall M.T., Hansson L.A., Linse S,
Malmendal A., Cedervall T. 2015. Altered behavior,
physiology, and metabolism in fish exposed to
polystyrene nanoparticles. Environmental science &
technology, 49(1): 553-561.

Peda C., Caccamo L., Fossi M.C., Gai F., Andaloro F.,
Genovese L., Maricchiolo G. 2016. Intestinal
alterations in European sea bass Dicentrarchus labrax
(Linnaeus, 1758) exposed to  microplastics:
preliminary  results. Environmental  pollution, 212:
251-256.

PlasticsEurope. 2018. Plastics-the Facts 2018: an
Analysis of European Plastics Production, Demand
and Waste Data. Available from: https://www.www.
Plastics europe.org/en.

Riba I., Blasco J., Jiménez-Tenorio N., DelValls T.A.
2005. Heavy metal bioavailability and effects: I.
Bioaccumulation caused by mining activities in the
Gulf of Cédiz (SW, Spain). Chemosphere, 58(5): 659-
669.

Rochman C.M., Kurobe T., Flores I., Teh S.J. 2014. Early
warning signs of endocrine disruption in adult fish
from the ingestion of polyethylene with and without
sorbed chemical pollutants from the marine
environment. Science of the Total
Environment, 493:656-661.

Shohani N., Pourmahdian S., Shirkavand Hadavand B.
2017. Response Surface Methodology for Design of
Porous Hollow  Sphere  Thermal Insulator.
Management Science and Engineering
(MS&E), 269(1): 012-073.

Simon N., Schulte M.L. 2017. Stopping global plastic
pollution: The case for an international convention.
Ecology Publication Series, 43:1-56.

Tahami S.V., Pourmahdian S., Hadavand B.S., Azizi Z.
S., Tehranchi M.M. 2016. Thermal tuning the
reversible optical band gap of self-assembled
polystyrene  photonic  crystals. Photonics  and
Nanostructures-Fundamentals and Applications, 22:
40-45.

Teuten E.L., Saquing J.M., Knappe D.R., Barlaz M.A,,
Jonsson S., Bjérn A., Ochi D. 2009. Transport and
release of chemicals from plastics to the environment
and to wildlife. Philosophical Transactions of the

Royal Society B: Biological Sciences, 364(1526):
2027-2045.

Watts A.J.R. 2014. Uptake and retention of microplastics
by the shore crab Carcinus maenas. Environtal
Science and Technology, 48: 8823-8830.

Wilson J.M., Laurent P. 2002. Fish gill morphology:
inside out. Journal of Experimental Zoology, 293(3):
192-213.

Wright S.L. Thompson R.C. Galloway T.S. 2013. The
physical impacts of microplastics on marine
organisms: A review. Environmental Pollution, 178:
483-492.

Yin L., Chen B., Xia B., Shi X., Qu K. 2018. Polystyrene
microplastics alter the behavior, energy reserve and
nutritional composition of marine jacopever (Sebastes
schlegelii). Journal of hazardous materials, 360: 97-
105.

o ol g olcw! ogx

Jowssple wle o) 7 e Wglan WgS b wp Sy wEa 202 € (22995
Carassius ) oMo wl,l5 ole iisl S8l (o)lse 5§ (s jpazs owyp
sloiegs 4, abildy Sy S b agzlye o (@uratus

SAY): FO-0Y N Fe e uggliasS oRisly (60,18 cwlis ol

Abarghouei S., Hedayati S.A., Raeisi M., Shikavand
Hadavand B., Rezaei H., Abed-Elmdoust A. Study on gill
bioaccumulation and histological lesions of Goldfish
(Carassius auratus) in exposure to microplastic polystyrene.
Journal of Applied Ichthyological Research, University of
Gonbad Kavous. 2021, 9(2): 45-52.


http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-06-22 ]

[ DOI: 10.22034/jair.9.2.51 ]

ohes g olus

GO ol o lo slo g5y a it | oY

Study on gill bioaccumulation and histological lesions of Goldfish (Carassius
auratus) in exposure to microplastic polystyrene

Safoura Abarghoueil, Seyed Aliakbar Hedayati?", Mojtaba Raeisi®, Behzad Shirkavand Hadavand®*, Hasan

Rezaei® Amirreza Abed-Elmdoust®

1 PhD, Dept. of Fisheries and Aquatic Sciences, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural Sciences and Natural

Resources, Gorgan, Iran

2 Associate Prof., Dept. of Fisheries and Aquatic Sciences, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural Sciences and

Natural Resources, Gorgan, Iran

% Assistant Prof., Food Drug and Natural Products Health Research Center, Golestan University of Medical Sciences, Gorgan, Iran
4 Associate Prof., Dept. of Resin and Additives, Institute for Color Science and Technology, Tehran, Iran
® Associate Prof., Dept. of Environmental Sciences, Faculty of Fishery and Environmental Sciences, Gorgan University of Agricultural Sciences and Natural

Resources, Gorgan, Iran

SAssistant Prof., Dept. of Fisheries, Faculty of Natural Resources, College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran

Type:

Original Research Paper

Paper History:

Received: 01-08-2020
Accepted: 26-10- 2020

Corresponding author:

Hedayati S.A. Associate Prof., Dept. of Fisheries
and Aquatic Sciences, Faculty of Fisheries and
Environmental Sciences, Gorgan University of
Agricultural Sciences and Natural Resources,
Gorgan, Iran.

Email: Hedayati@gau.ac.ir

Abstract

Microplastics are known to be emerging contaminants and there are widespread
concerns about their potential toxic effects. Histopathological study is one of the
appropriate methods in diagnosing the effects of environmental pollutants on aquatics.
In this study, the accumulation and adsorption of polystyrene microplastics (PS-MPs)
in the gills of Goldfish were identified and its toxic effects on gill histology were
investigated. A total of 232 healthy, productive fish, with an average weight of
18.55+2.41 g, were selected. Microplastics were synthesized in two size ranges (0.25
and 8 pm) with two different functions (fluorescent and non-fluorescent). The
experiments were performed in two stages. Initially, after the adaptation period, 64 fish
were exposed to a constant concentration (PS-MPs) of 300 mg/L of both sizes (0.25
um) and 8 (PS-MPs) fluorescent. Gill tissue was sampled at 24, 48 and 168 hours and
samples were taken using a fluorescent microscope. Then, to determine the
histopathological lesions, 168 fish were exposed to non-fluorescent microplastics at
different concentrations (0.005, 0.5 and 5 ppm) for 28 days and were analyzed for
histological lesions. After 168 hours of exposure at 300 mg/L of fluorescent particles,
it was found that both dimensions (0.25 and 8 um) were accumulated in gill tissue. The
highest concentration of MP particles accumulated in gill tissue averaged in particles
with dimensions of 8 (0.71 +0.098) um and 0.25 (0.272 +0.046) um, was determined
as ug of gill dry weight per milligram. Examination of gill pathology revealed
complications such as lamellar aneurysm, secondary blade epithelium protrusion,
lamellar deviation, secondary blade connection, lamella shortening and paving in both
size groups compared to the control group, but the severity of complications was
different in each concentration. It can be concluded that although microplastics have
accumulated in the gills of fish and have affected tissues, their potential toxic effects
are largely unknown and further studies are needed.

Keywords: Gill tissue, Goldfish, Microplastic, Pollution, Toxicology.



http://dx.doi.org/10.22034/jair.9.2.51
http://jair.gonbad.ac.ir/article-1-715-en.html
http://www.tcpdf.org

