\Y‘\\)L@T\(\b‘)m“aﬂ:ﬁ\g@.ﬂfdu O‘Jﬂ“:‘j:“ig‘l:@

WS g 3099 S (s ahis GBS 30 JS 09> () G0N (w3
T G o 42 8 (Cyprinus carpio) Jegozo ygu8 Db

*(Y . . V) . “oa e
") 5525 90935 a1 s 9 s galissh 93 (5

s.kaboodvandpour @uok.ac.ir
AVYVI-YAAY :‘;u.u:.l .AS ‘A:\;& bli:ﬁ:l‘d sbl:s“).w Lg:)‘)JLﬁ.S bAS.cinl‘J ‘:"‘“"f:) Ja:;;o °JJ§ -\
[N U;“'“f &J._\:u.a ‘Qll‘.u..s‘)s ozl “5::‘..‘.': C_J_m auSialy Saews .L:_..\:;.a 5\9;—\’

YA gl 1Bl )l WA cndigua ) resl e 7,6
oS>

S SwT 3l 5035 T s o9 33 05 Jlome o 3l G Sl I (S gkt OB s 53 OT CokeS sl

AL D s 5 Olss 4 Jsame 58 (Al 035 03T i)l pliin gd SN i (o tegs e )
3o o8 e CBU 53 05 ) o b sl 1 allan ) 53 288 515 ()2 30 050 o adlais
sl Jsb 53 Jgoms 558 (ale 4505 YE 3l .3 ,8 515 Awlin 3)58 (Al UST 5 el ALz 53 352 3 0 0x b
oo alas SAC 53 bl po JS 0er Clale 5 3,8 oo gt OB e azl 3 51 AYAA Jlu BTG 5
3 508 ke chid dhiae CACl )3 4Bl par 0 30x 3l saiald ik 6 xS 031 0Kawd Jaw g A 5 548 abiae
o er ald aglis 139 i 33508 53 5,8 S0 e (V1Y ¥ 1Y) 5 (110-F88) ((VIF-F8A) (o oy oS
S il Ol Al 133 3L 4w (1 o 6513 im0 BV 3 9 5 00U 58 e Gl 3 wdly pard JS
U YY /N o G o) 33 0k Ao Mo 2l B9 23 57 415 ine IV 51> ST Bl 33 gt 4Bl ma 0 50 Ailals
‘J}g‘o;é~~ 5\,:.:.3L@Td}g&@ubjﬁﬁjwMﬁsbdbpwl{@go}gm.:ﬁwfﬁvw
S 5 (Ao ol s il OIS )1 Gl A5 OWlas plol gl 233 EPA 31kl 51 5Yl

sy 0 S 4 8y 9 8 O

Jsono 3555 oale ¢ S35l (i I3 208 S

va



vy 28 diae widis dhiae slacidl Hu S spa A pand pwp

5S35 pelidi s

092> e i3l a5 1> (Voegborlo & Akagi, 2007
Ailgs o Bl alae il jo e a5l iy Al mess
UNEP, 2002; ) sjlocs o bl a5 1, oSG pae cwdlw
e oge> 4 Jl ogux a5 cowl _oloil wS (Eisler, 2006
5% 0gez il 0gdge 05050 5 plplie ()] 0 yieS o b
Sllllas (Eisler, 2006) cosl pae plo cudw ly oS
05 Ol e ln Ol @l b s gouse
slo s oole Sslite sladist (,55UsT slacdly ;s il pons
Al-Majed & Preston, 2000; ) ol 48,5 & g0 ob3]
Adams & Onorato, 2005; Houserova et al., 2007;
s jaezs 9SG Js (Burger & Gochfeld, 2007a;
Syse il b b ol alio 5 ol jo,3 aliae )5 o
U PSRE TN L1 N UL JC < [
90 3958 SIS S sioidhen 5 (ool 5,3 S3ke
sby cble o oMae 503 S5 wies ook ke
il sy iz 5 055 o GienS] & e 3o slaela,
Freadman, YAV (g )kw) sl (molSame) jo,8 alac
@l b ol 53 1) OieeST (ol gee slagns (2006
Ol o wiile) canl Lo ST 5 ol polie 4 aSCile;
@ ol el s eoged 0SS (pslae sld b gy 2l
AVAY (o)) suled oo Jotend 1) 5T sl slacdly
&S 50,8 alac (Nelson & Cox, 2009 ;Freadman, 2006
Oype Silsr Dyge 4 il o sle 5 coge glaanl
o Jsho (50 gine (slp p3Y (5emS] el o 0,5 oo
AYAY o ki) siloice ol 1) ole pslie slos oISl
olie g S 190 0L @515 0929 Joy (Freadman, 2006
PR oMae S8b s GudlSse slageSgn a2y JB
&l oo b 4 «(Nelson & Cox, 2009 ;Freadman, 2006)
(i alize) ale JoSTe (slacdl plo 5l i 2l cnl oS
ol &5 ol 5l 8 0gn () @eas Lo yme o
o pzaen 2l S (Cyprinus carpio) Jeess 5.5
bl oS oy oo Ll 4 (Tempro et al., 2006) <ol
o5 3l @Yl polie sl o5z 518 4y e3gll Slacl o tiny

ool

o

AoR0

Slale ol gl o YL slacdale o 5w O3l
bl oy SYWS olwl g olge dolee jo Cuoxlio s
o b 98bee 0 i G OBl (pl sd e
5 oo ddg 93 (995 s Ll g (oS s ((oras
e (o> & W3S o o Olpl (b oMLl o
Slood aSlis il aigSoed w0gpr diile S 1 a5 00l
el j0 oguz vezg )l cElibcan lapinaw o
5 Slogzge ol (Sogll goamoplis bazme 5 0w Slogzr s
Canli & ) 5,91 jleiio SU bz 05l |, o] b a5 ol Layme
&5 Jdo et Ol Glapians [ og> (Atli, 2003
o g dauzma 13 0L 5 (6 Bl ( 0l3e sloo iy jo (s
Al-Majed ) coul 8,8 |3 cydbizme Sldllae Coglgl 4o o]
& Preston, 2000; Houserova et al., 2007; Burger &
«(Gochfeld, 2007a; Adams & Onorato, 2005

I, Bioaccumulation) o gbacdl 1o xeos Colld ogu
, (Biomagnifications)  _cuw) oleS,p colld 5 auils
o ylasl caadls Wlgs oo oyl ol 5l g o)lo 1y Slae slee s
&S ol o gy @S e E ks by o
JEsl Ple o gaelas &jgay oaiSoagll sole S clale
oy glacdly o SV o3¢ mhaw 4 ol3é mhw Sl esls
Gl ol sladame 1o iy f (2loiS )5 il oo o
S og i SIS 0 o (Eisler, 2006) azdl o
e g JT Oglite JIS81 @ Sl ;5 a5 el 35k jasis
o a5 Wlools lis wlados (Zalups, 2000) 0gi oo 00y
Hempel et al., ) ¢l 5 com 0902 ore OloS 5 3l 0gu
(1995

oS @boeon b oS @V Swgn Jdw onr e
Oszes v Sulfhydryl) Lysedlse slaog S sl
bl «(Cysteine) i ¢ (Methionine) ise
UNEP, ) s,ls ouij Slogrge il ;o 0d> 4 g0l
ol e ol Goxe g5 5l 5o Jlews ¢ «2002; Eisler, 2006
(Rumengan et al., 2003) 55 5 o &85 lacdly

Lld 4 Slhes il g dol lym ol alac

a8,5 )18 sy 030 )l O] o a8l pesd 0 emiw
Burger & Gochfeld, 2007a; Weis, 2004; ) <ol



Ol ©Yad pale alas

b aw azl,e dalizee Ll 5 VWAL Jlo 31 b 5 claoe
Al Ao (6 el OxO doiz b ;X055 o5 5l colarl
OFYA) Jise ol 05 51 ooliil b o doo (slodigas
Binlesl a0y Sjgar g wod olulid 45 a> U
ls,S oEiils ab alie oaSiiils ale wliicon;
SolS (55, 3l Comiz Gu ety Sldlae ol
Ot sl bigel silwoslel g CEL diged 4 g iz
35 g o8 alae whu dlae cdb an o S og> clile
Sleogas Fp (Prwiug) Oldlas ;o aiad ools Jlal
5 o i s S s S 555 4 (s 5 55
WD e i ged S

S 4l gl ol Cevgy L sladiges 4 sl
el 5 os laz JalS gk es 4l cloml b Loty
il sy 5 el b3 skl (5 o5 G alie il o5 )¢
3 lade led A o 5 ool Aoyl 18 aiaw alac
3 gl (s g 00l A Lged b ehe alde 2L
3 Sl ey B oS oo Sl slodenS
Voegborlo ) wus dwesxs of )5 silw a0 =Y+ gles jo S
Al s 5 e 0SS C8b 4 sl (& Akagi, 2007
5ol o oSl g glaw 4l 5l oS cdl IS ale (S5
35 (6,10855 S 0gex (5 pSoslul ey B 398 b,

S S 3l g e S5l ead o)la) e 4 4z g
Slre yé a1 53 g )Mo sl g Bpae n &S (g
(YAY) L‘;’;L‘" Ja...uy T d)l.ws S u—‘ 9O 39790 09>
alise Lng!‘""U‘ 4o aisl oS 0gu> Ol Lot g dslllao
39009 $y908 (Jyexe 155 (Ble egay s (ol lale
uﬁl; dw 5O 4.4..9L| é.o.?:.; 0gu JJQLAA LR = L..w‘) U"“
I G )90 (plo (pl WS 5 je)8 alae waphw alac
U”‘ w; ‘_g».c)'{.w @ ‘_gb.: W] Cawds @L».s 9 d.d;
2lo b ol cings Gras jo ciblag ol cole, g ol
gl dunlde Sl sbeo lailal

I igy 99190
bl olaisw) zow s ow o adlas oyl
(S5 Jsb F£2 00 V2" g Jlas 5,0 YOO YF' OA" 55 1
caSo e Ggakee VYT Cud)b b g ieshS MO Colus
2 &8ly g Ol s (B0 Jlod s rekS Y o
Ot Sy s () JS8) 285 planil s 57 ]
2 et SVpame wdy uizmen 5 0yd Ol Gl e
e T R R S

Dy 5
Oyga) (Joare (9.5 (plo diged VE olasi ggezme jo
DB o dolas Sl &g e Lk ol o 5 albabe

j 5
.
-] \..

1
JEPIATN
o
=

J
[N 2 Kilomerers

[ T r——.|

ol e g J’.-bl'_.Eg

4RTET R
' 1

477ENNYE

e 0l sl 12

AN



vy 28 diae widis dhiae slacidl Hu S spa A pand pwp

5S35 pelidi s

3 Jsb 50 0gez alale &lyss Mg, (sw,yy sl (Duncan)
(correlation Pearson) ‘ygw s (Siwed 905! 5l eoliul b
oger bl (ke amlie Cuzr Grizer L85 Oj5e
Un a5l 51 el dns po 0ol 5 5 iz 99 o 438l o2
b eolawl paired t-test

O IS g addllas cnl )3 oad dpe Jgene 555 lsls
O lutiol Glas #) (L LoYOY L YYN
5ol LYY B YR oo IS Jobo g )5 FYD/VIEYD/V-
polie auile jele Ye/PfEPe (o bl slas )
A5 g 30,8 alac e alac glocdl jo 4Bl xes 0gu>
A Sl VoYY Y o VVO-FOO AYY-FOA polie o o,
Ao Gl @mls g e SiS (e il 4 e 0
glez ) 25Kk b asb alae S8l 0 05 S e
o8 alae il 5l i a5 )0 a5 el YYVEY < /5V (s il
A S P WEEVY/VE oS cdl g )5 ,0 0,59l YYVEY Y/ Y
o 1) 0guz 0l (5 pSoslail polas 8oV Jeaz 09 #5 0
w3 oo lid oads eolatwl sl lasbinl ululy Gabow o
Wb alac lacdl jo 4l mazd IS oge clalé aslis
Ol G S)lasime BB 3529 oaimd L (S g 58 alae
am s Guzmad By e = YNV, P o= 2/00) 0g il aw
o PSe10) o me BB 0929 Sk Sils g0
Waies dhae Gl dw 0 Al pex 0g> dlale o Sl
() )l3ge5) 392 &S g 508 alae

5 S5k sl el b 5 05 e 5 ol
SeiS ail)8 ead angd sladiged )3 9290 0 e jSuS
Loadly aond o polie spSolail Glp aged (05
Freeze Dryer; Model, ) plo 5,8 ofiws 5 colaxul
ol Ll 4,0 -0F sles ,o (OPERON, FDCF - 12012
S Cll sdiged yo 3l e b plol cell YT Goe o
o S ey Sl p lar wdl oS ke B0 e
Advanced ) og> (5 S0l oKws dhewg ol Ho audl
el (Mercury Analyzer Model; Leco 254 AMA
e Sy oS o jlacre oBaglejl )3 IS5 yel jgiS
1 5,550 o ASTM, D-6722 o, lasbews! 31 eolazwl b
Houserova et al., ) ai 5 ,.505l0l ez 59 ppb b 5
sl pSoslail cds s sl bk sy s (2007
Sesw ;o) Jaaz 50 oads oolawl slaslailinl b ool sl
ol 0as 03,91 s
9 SAS (Ver., 9.1) sla,l58le 5 5l oy aslllas () o
A oolal W loges pa)y 9 gl Jud=v g 4325 (51,0 Excel
@ly i Leven 5 Ggipanl - Gy )S5alsS slagge;
obly (en 5 Jlop @e 5l esls Cuali ad asuie
Jboy 5l 8l ligebl 51 e ol plodil snel Canay (slosls
Gl 5 a2l ez oy Sl lagnSls daools (o
OR8)5 Hh5 po b g slesd Gl (ple 0T g 508 g ddes alae
GaSsh b 3l eslind b (%) Ssb olytes wlo il
D529 Dyg0 43 5 Nl dwslie sloaslin vz JSolay JolS
SSSls aesl 5l soliiwl b ailale glapnSilee «jls cixe S

G ol 53 e a3l (gl Ikl b 0dd plowl slacs pSe3Il S ot gl b3l e ps @ ) Uy

bt Shre Blpl ekl Cowy Hldie  edd yatedse ldle odd esls Slads sld 3kl 5 e
(42,3) R »efs6) (555550 oaws &
sk oslitul a0
4¢/A A A\ V8N q NIST-\wv b
Yo AT VeV VEoo q NIST-yv.4
Yoy ALY A 1Yo ¢ NIST-yvy

AY



Ol ©Yad pale alas

P = AFAY) t=—+ IS, P= + FAAY) wiols oL | (gl sine
Loy == V0, P= /¥ 0V) gt y=+/¥,
e
b oaglio ,o oS el a8 wlols olis ol ol
sl Slacns n S99 9 ok Collad e 4y alae il
Canli ) siws oge> 3> a5 Jlgl,8 Metallothionein)
395 ;0 1) 0gu> (6 yin oyljme (& Atli 2003; Heath, 1987
;Regine et al., 2006 ;Storelli et al., 2005 ) aisS o gox
as’ ol las Gaiss ol wls Ll .(Bebianno et al., 2007
Syore 1355 ool 0T il o aidly oz S eger nSileo
o8 alac e alac Cdl g0l eS zosiw 3Dd ww
VORI PR QT 052> yuS moxd ol cpl Jdo wuls ool
8l oyl ,o (Demthylation) sawdiies pgloe ol o
S @ (oger Jee) omer JI USS (ails as o
(Young, 1992) ail og Camows Sals Bun L Jaxe
5 a5 Wles S by (VA9A) e 5 Kannan pozen
B S ose> & oz e Cond o5 slasals slacil,
Olple bios SRl e sl cul jo wsps A (YL
ST S8 @ Boes S cdl B asmale il 40 ogex
A,y pde 4 4a>g L (Kannan er al, 1998) s,ls 54>
(g dides S s o gl Adg> Blbl o snes el g Cnio
IS e Gl O 3 S5zge oz s sy S 4
Sligey )0 99290 S SL lawy (Sose ogz gDl
o Loy s (nl )0 S oz plael i 13 g 009 w0
il o gem gl it bl a5 T g 4 553
2oz wdds plxl Slllas 51 B ioren o)l azmole
o5 G555 08 2l 4y o |, alne Sl 5 05 ity
.(Burger & Gochfeld, 2007a; Farkas et al., 2003)
o o alas il s S5 asie iy s ailix
S g el 0L Sl (S s Bose IS St el
Oygar g 039 Gmlgne SBCgn 9 GmslSgen oL polie
b agli ;3 8L ool 45 2o S o cleb (s5ls
@l Iy il oz 5l i polie gl wpi alae cdly
ol e Wi e wls las 1y Ul ) G s )
AT OS5 smlonaST ool ol e wylis g ol DL
Freadman, ) ail 5enST jo8s Jdov <l pl )0 ogux
AY

e e _
va. | 4 a

J v b
%

oo -

M

oh Yew

=

= ..

* L T T

A ihmr G alas _,_._.:*
s Gylltwl glas #) Kl awolae ) Ll 005
s (35 S SNl Ay Il ged
LS 5 P dhas du dlas gl s w8l e
‘;b n(PS '/'0) G-XJ.'«.« éw I L,J-,‘W J_,;S @L&
WA Jl 3T 6 L5 slacke

S8l o L Al mexd 0gex ailale sl Silee Ol poss
Se o gme S (gl paises  lals b oS
alae g0 glp polie pl g By = F/F0, P = +/--AY)
P= - [YSYA) 50,8 dliae 5 (Fyyo = VVY, P = [YAYV) sas
Y log03) Biogs Sl pe BT 03B (Fy 0 = < /0),

(ng/g) Js oge bl
=

R L, . Bt
Sl (yllkul glas H)gla Kl Sl 1Yl gas
9 P dae hdu alae C3L aw 5 Wl mea IS 0
7 sl (b g G de Jgams 58 Al A4S
VWA JL 53T 6

alac b dlac lbcdl jo aly pesd og> cdale

Jsb 9 U5 Jsb oIS 039 () slasmiie b STy 5o
aols lis vem 5l Side g Slogime (Siaan o )laslinl
a8l roo ogp cdale (1Sl (590 4 g0 duglas (P<-/-0)
95 o 93 (o OS5 g e alae i alae S8l aw o
ENIFIRE SN NNV NVE VRN NI SO



vy 28 diae widis dhiae slacidl Hu S spa A pand pwp

5S35 pelidi s

aezs ailis 9 cawlis ‘5»'1 23 g baxl o pled pgase
aS aes e plas mls cpl 1A .(Weis, 2004) cwl s
e Sy Ol Ol |y IS s Jpens 155 ol
L TS S O S LB - NI Y ¥ QENCE
2,5 oolil s (sl 050z (Fogll (s AFLE S (liny
o g (68l Coin a5 ol Gl Gades ol @l
05 ple &S g je)8 alae b alae S8l 4w )5 og
S a cplply (P>e/00) ol zow did aw Jsexe
iy ole Sl 55 Al gars ogr L &S s
SN iz @y (b3 g el (ale o g oIl (39 &6
Slawlio i ¥ 5V sla,loges o .Jewett et al., 2003)
lalas il o 4Bl g g bl Kl o
gk LIS ww azl)s (Joeme j05 (Al 08 g sde
050> SoreSilie L (F loged) (bl cnl S 5 (7 loge)
alie anlllas wiz Lale S g alae b )0 ould (5 Tl
sl 00 03,51 Lo bl L o

% VAT

.(Burger et al., 2007b) .¥1 ,s Adak Island aalazs -3
(Storelli et al., 2005) &l 500 sb,s-Y 5 ¥

Regine et al., 2006) French Guiana ,» Maroni «ls-s4,-0 4 ¥
,;gg@g.xwwﬁpwww:z,u,.s
Lfc.-\x.m é)Lf.S I 4.?.‘-‘:‘).\ ()MJ}?S f‘ﬁ»\;ak’
55 Obale &S C3L s edd (550l 0 g (slaSibe
Ls b,

sfles o ool Jte oS Jalse 4 S (2006
e 3 edh 5l S e Jobe peddalie 5 Sojole
s «Canli & Atli, 2003) ails e Klgs co (uSiw 3l
Glie slaaist 390 30 5 Py (ool ;0 Wb b
D9 oy p (ole

ol & a9 Jsb s s GlPl L as ols plis aslllas ()
1505 odle il slacil 0wl gaz og> ke (Esb
el b5 o Gl gasie LS as Jpens
(Y++Y) 9,52 g Farkas «1233) o 5Kea 3 Romeo lowg
8 lie alidl dis; ,o (Y- - V) Gochfeld 5 Burger
ool 0al SIS (35 5 Jsb e GRIBD lisly 50 o
Sae Yok s Bule 5 jee e 38k (Sl oS
Sliél Slsles 4 QT polde ioliél oaee LYo 5l oy 10 0gux
Eisler,;McCoy et al., 1995) aisly oo oy Jsbo 9 o 0339
gz Chle b ale (39 9 Job e Cote abaly (0l (2006

Yo
':i Do
e
i YT
: Al
\% Fau The
_
L0 TOOYYY YY.
E Y l . Ve VF.
- 0 B
T T T T T T T T T )
VAR AR O ORI OO
FANTL I N S A U
AR AT N o & < R o <°
1'? 7‘% & & ¥ F & & @C‘Q +*
7 1.,’ & F & o & & *
PP L. o5
3 3 o o Gl oy &
- I AN o &P 9
o A® &

(Cizdziel et al., 2002) S, | ,o Mead axL s -\

(Campbell et al., 2008) LI;L ,o Tanganyika axbL,s-Y 4 ¥
din et al., 2006) ;> ;o Ya-Brazl,o- 0 4f
(Gutierrez-Galindo et al., 1988) < ;5. ,0 Mexicali o0 - #
«(Farias et al., 2005) J;;» ;o oyg5kel adlaie— A 5V

23 4B pezs 0 oSNl e Amglie 1 ¥ 05 ged
s Jgene 555 AU o s o lihas il
33 okd (5 S o3Il o g sla Kl b g SN
Lis b sl 55 Slab das cil

AL



Ol 2l gale alae

Ja.:.?bo Ol.inu\.)lﬁ)" J}im.ﬂ) Cawgd (§> (wdigo p;l.> ‘(ULM.:Q)S
o g L;).n.iJLQ,} P ‘(uu)d.a Com oKisle Sy
L')b.w.b)f olKiils 9 vy Cew ) oKiils Sy L 03;
WIS i Lo b 1, a3 (g San s ol plol 4o aS

pemleiige (10,08 5 ,Sis

P W

S Sl3ls Fogll sy AVAY B (i g .| g1 S

g LB o 4zl ;0 4 (53959 1o pl laoje> o

ot Vo lpl ey psle (pleds S (egd 5 S

Ol

S glooan ¥ clale s 5wy IVAY LS (Sl
G dame Cblis lojle ol el o $DLE
Ao VYV zaiiw ol )S

 (Sidsd 9 @) ) oulid (ale ITAY o gl

s S SRS (5 Ko b e 25 Sl Lzl ¢

Axao 04

S il comss mals Oldlas NYAN €O 5y

T @l IS g 8w il slaoje>

(b mle cuSidls sy lasme 05,5 siogh

Obews,S oBzils iy Cdglre

o590 Ll ol pl A3l slel plale AYVYA ol ((Juus

amio YA (ol 5 ool pl iy ol g Cnlo

Adams D.H. and Onorato G.V., 2005. Mercury
concentrations in red drum, Sciaenops ocellatus,
from estuarine and offshore waters of Florida.
Marine Pollution Bulletin, 50:291-300.

Al-Majed, N.B. and Preston, M.R., 2000. An
assessment of the total and methyl mercury
content of zooplankton and fish tissue collected
from Kuwait territorial waters. Marine
Pollution Bulletin, 40:298-307.

Bebianno M.J., Santos C., Canario J., Gouveia
N., Sena-Carvalho D. and Vale C., 2007. Hg
and metallothionein-like proteins in the black
scabbardfish Aphanopus carbo. Food and
Chemical Toxicology, 45:1443—-1452.

AO

2l sleojem 53 sl Jon Gl Slaslie 4 azgi L
& g adhie )3 ud atie IS s axlyo 4 e
dibaio 555l odas § 08 ai D jg0 (ool Slalo Zollad
ST 055 4is 0 Brae (g 5 @ 550l e
Jsb 30 oSl Sl bl Comoz &) 4255 b opaimad o
oaLS 435 (BB 5 M) bl wlg; 90 e
2olie 3529 p (o SLET 5 g s BB s axl o
st sl looje o yole Glacins S 5 50 05 gl 8
25 SECdl 5 OVAY gyl 5 5 xS @S o &
Sogll a8 yn a5 4 LOTAA (559m) S cnl sl
Lo wogez (i b 4 gaiis LS o szl O
bl s xpebs

FAO 5 WHO (sou jl oads oMl slos laibinl i
Oph ple Hike lacdl ;5 ogx chile slxe v (gl
Sl ouds Gl 05 50 2S5l 00 a5 (] W55 g5 4 4z
roz oguz clale Sl (Voegborlo & Akagi, 2007)
35S gasie BULS G (Jyene 55 ol SubS o andly
392 9 SiEe Cpogar 4 azgi b (Jy cel jlre oo
ol SlgS Brae i alie sbroamy )0 g (pledS ) oy
b goguoe dilpw Bras 5 adlagy olla>de cole, L 2l
el ohen Wb Gy 2leF)n ,5SL ale 4 axg
0 S5L ¥ e o EPA Liwgs on odlel ogezr sl o a5 ]
ol «(Jewett & Duffy, 2007) ol osls pdel p,5 50
dod jo,8 5 duhw alac glocdl jo 4l red og> clalé
S50 SYLEPA 8l 51,8 00+ 5l iy 59 b sloygS
O G (nl )0 ead spo laale (59 b S axlix
OLed o axle 0 Jg g e p)5 YOY L YYD
L aS 358 925 2 flin (S G 5 039 b Slele gaiie
SMas S8l ;0 35250 0gex Sl oS CAF e Glieb]
Slalllas alosl el ol ol 0 S5 8kl ¥ 51 i Ly
» etle ol pan Jlool St p Gl (eSS
ey S & (6598 el

@‘é}” 9 ﬁ
olasa 285 @l (LB 1SS Glags Ken 5l alawgins

aplall Guaige )bl sladelos 5 4320 50 alasal, Jdo
oSl Cempslme olKialejl (wlid ) lksS i



vy 28 diae widis dhiae slacidl Hu S spa A pand pwp

5S35 pelidi s

Burger J. and Gochfeld, M., 2007a. Risk to
consumers from mercury in Pacific cod (Gadus
macrocephalus) from the Aleutians: Fish age
and size effects. Environmental Research, 105:
276-284.

Burger J., Gochfeld M., Jeitner Ch., Burke S. and
Stamm T., 2007b. Metal levels in flathead sole
(Hippoglossoides elassodon) and great sculpin
(Myoxocephalus polyacanthocephalus) from
Adak Island, Alaska: Potential risk to predators
and fishermen. Environmental Research, 103:
62-69.

Campbell L., Verburg P., Dixon D.G. and Hecky
R.E., 2008. Mercury biomagnification in the
food web of Lake Tanganyika (Tanzania, East
Africa). Science of the Total Environment,
402:184-191.

Canli M. and Atli G., 2003. The relationships
between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn)
levels and the siz of six Mediterranean fish
species. Environmental Pollution, 121:129-136.

Cizdziel J.V., Hinners T.A., Pollard J.E.,
Heithmar E.M. and Cross C.L., 2002.
Mercury concentrations in fish from Lake
Mead, USA, related to fish size, condition,
trophic level, location, and consumption risk.
Archives of Environment Contamination
Toxicology, 43:309-317.

Eisler R., 2006. Mercury hazards to living
organisms. CRC Press. 312P.

Farias R.A., Hacon S., Campos R.C. and Argento
R., 2005. Mercury contamination in farmed
fish setup on former garimpo mining areas in
the Northern Mato Grosso State, Amazonian
region, Brazilian Science of the Total

Environment, 348:128-134.

Farkas A., Salanki J. and Specziar A., 2003. Age-
and size-specific patterns of heavy metals in
the organs of freshwater fish Abramis brama L.
populating a low-contaminated site. Water
Research, 37:959-964.

Freadman M.A., 2006. Role partitioning of
swimming musculature of striped Bass Morone
saxatilis Walbaum and Bluefish, Pomatomus
saltatrix L. Journal of Fish Biology, 15:417-
423.

Gutierrez-Galindo E.A., Flores-Munoz G. and
Aguilar-Flores A., 1988. Mercury in
freshwater fish and clams from the Cerro Prieto
geothermal field of Baja California, Mexico.
Bulletin of Environmental Contamination and
Toxicology, 41:201-207.

Heath A.G., 1987. Water pollution and fish
physiology. Florida: CRC press, 245P.

Hempel M., Chau Y.K., Dutka B.J., McInnis R.,
Kwan K.K. and Liu D., 1995. Toxicity of
organomercury compounds: Bioassay results as
a basis for risk assessment. Analyst, 120:721—
724.

Houserova P., Kuban V., Kracmar S. and Sitko
J., 2007. Total mercury and mercury species in
birds and fish in an aquatic ecosystem in the
Czech Republic. Environmental Pollution, 145:
185-194.

Jewett, S.C. and Duffy, L.K. , 2007. Mercury in
fishes of Alaska, with emphasis on subsistence
species. Science of the Total Environment,
387:3-27.

Jewett S.C., Zhang X., Naidu A.S., Kelly J.J.,
Dasher D. and Duffy L.K., 2003. Comparison
of mercury and methyl mercury in northern
pike and Arctic gray ling from western Alaska
Rivers. Chemosphere, 50:383-392.

A



Ol 2l gale alae

Jin L., Liang L., Jiang G. and Xu Y., 2006.
Methylmercury, total mercury and total selenium
in four common freshwater fish species from Ya-
Er Lake, China. Environmental Geochemistry
and Health, 28:401-407.

Kannan K., Smith R.G., Lee R.F., Windom H.L.,
Heitmuller P.T., Macauley J.M. and
Summers J.K., 1998. Distribution of total
mercury and methyl mercury in water,
sediment, and fish from South Florida
Estuaries. Archives of  Environmenr
Contamination Toxicology, 34:109-118.

McCoy C.P., Hara, T.M., Bennett L.W., Boyle
C.R. and Lynn B.C., 1995. Liver and kidney
concentrations of zinc, copper and cadmium in
channel catfish (Ictalurus punctatus): Variation
due to size, season and health status.
Veterinary and Human Toxicology, 37:11-15.

Nelson D.L. and Cox M.M., 2009. Lehninger
Principles of Biochemistry. 5th Edition. 1100P.

Regine M.B., Gilles D., Yannick D. and Alain B.,
2006. Mercury distribution in fish organs and
food regimes: Significant relationships from
twelve species collected in French Guiana
(Amazonian basin). Science of the Total
Environment, 368:262— 270.

Romeo M., Siau Y., Sidoumou Z. and Gnassia-
Barelli M., 1999. Heavy metal distribution in
different fish species from the Mauritania
coast. Science of the Total Environment, 232:
169-175.

Rumengan LF.M., Rumampuk D., Limbong D.,
Arai T. and Miyazaki N., 2003. Total

mercury contents in plankton collected from

AY

Talawaan watershed, north Sulawesi,
Indonesia. Otsuchi Marine Science, 28:80-83.

Storelli M.M., Giacominelli-Stuffler R., Storelli
A. and Marcotrigiano G.O., 2005. Accumula-
tion of mercury, cadmium, lead and arsenic in
swordfish and bluefin tuna from the
Mediterranean Sea: A comparative study.
Marine Pollution Bulletin, 50:1004-1007.

Tempro G.W., Ling N., Hicks B.J. and Osborne
M.W., 2006. Age composition, growth, and
reproduction of koi carp (Cyprinus carpio) in
the lower Waikato region, New Zealand. New
Zealand Journal of Marine and Freshwater
Research, 40:571-583.

UNEP (United Nations Environment Program),
2002. Global Mercury Assessment, UNEP
Chemicals, Geneva, Switzerland. 258P.

Voegborlo R.B. and Akagi H., 2007. Determination of
mercury in fish by cold vapour atomic absorption
spectrometry using an automatic mercury analyzer.
Food Chemistry, 100:853-858.

Weis L.M., 2004. Mercury concentrations in fish
from Canadian Great Lakes areas of concern:
An analysis of data from the Canadian
Department of  Environment  database.
Environmental Research, 95:341-350.

Young R.A., 1992. Toxicity summary for methyl
mercury. Oak Ridge Reservation Environ-
mental Restoration Program (RAIS: Methyl
Mercury), (2269-92-6), http//risk.1sd. ornl.gov/
tox/profiles/methyl-mercury-f-V1. shtml.

Zalups R.K., 2000. Molecular interactions with

mercury in the kidney. Pharmacology Review,
52:113-143.



Iranian Scientific Fisheries Journal Vol. 21, No. 1, Spring 2012

Assessment of total mercury bioaccumulation in white and red
muscle and liver tissues of Cyprinus carpio collected from

Sanandaj Gheshlagh Reservoir

Khoshnamvand M. and Kaboodvandpour Sh.*?

s.kaboodvandpour@uok.ac.ir
1-Department of Environmental Sciences, Sarayan Agriculture Faculty, University of Birjand,
P.O.Box: 97175-615 Birjand, Iran
2- Department of Environmental Sciences, Faculty of Natural Resources, University of Kurdistan,
P.O.Box: 416, Sanandaj, Iran
Received: May 2011 Accepted: May 2012

Keywords: Heavy metal, Pollution, Common carp

Abstract

Previous studies showed that the level of mercury in Sanandaj Gheshlagh Reservoir (SGR)
was higher than limits established by the World Health Organization. Total Mercury (T-Hg)
concentrations in white muscle, red muscle and liver tissues of Common carp as the most
consumed fish in the region were investigated. For the first time the content of mercury in red
muscle tissue was measured and compared with white muscle and liver tissues. During the
July to December 2009, 24 Common carp were caught from SGR (4 samples per month). T-
Hg concentrations in above mentioned tissues were measured, using Mercury Analyzer. T-Hg
concentrations variations in white muscle, red muscle and liver tissues were (123-458), (115-
455) and (107-303) ng g, respectively. Statically significant differences were found between
three tissues. A significant monthly variations of T-Hg concentrations were observed within
liver tissue samples. Fish weights in this ranged between 330.1 to 753 grams. T-Hg in white
and red muscle tissues in all samples weighted above 500 grams were higher than the limits
established by the EPA. Therefore, additional researches are needed to evaluate any potential
effluence of this fish consumption on people health.
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