\yay utu.uao‘; ¥ GJL“-‘-:‘:‘/ fJLeA’JC.\ue:\JLu Q‘)ﬁ‘ C_\)l:_ulwlcdaa

TS 30 polis (G ) il j9kiio 43 51 A5 90 4198 Y 31 ool Cultl (i
50 LT gy S s 0 b 8
‘\JLQS dm.:c c\dﬁf &M.&w g“d;:a) qu S “@L;...él.z ‘5};3 4.0.2\5 u%:.\ &Jﬁ‘.«é

*
‘n pourang@yahoo.com

O = 5 3aS (b sle SIESAT i g0 —(5555WES g3 5 Byl (o lidas Lol -

Olil s wolie 5 (s5,9LES (i) gel 5 88T 3 50 — (55,58 S 5 o) sel liilias lojla Y
O34

O — IS sl g sluale T — (! 4w asle suSitia 55— 1l (o) (5580 Lol -

Ol — ey asle suSaily - Sy wgad olKaals ¥

WWAY 315085l ol WAY ot ) il o g,

S slx (Callista umbonella) o w8 55 68 < cot 5 p5 sl @l Sl oslimd Sl o sl &
b S0 shte ol 4 WSy B Pgie Ql.(»lw;w)lé@lsdw Sl ble s (il ole o
53 08 50,8 Ol de 5 s G Gble 3 Bly sulsp Sye Byl a5l Lt e o Sl oot 4 550 655
a5 ol (S A et has S e2lial b s Gsas 3 olis mand Ol $S oiulas ousTs 8 ey s
e Wl dol s el w8 8 o3l 0 T oy w5 Sy oo JT slse S ualia al Ly esdle
5> (Zn 5 TiSrSicScP .0 NaMn Mg K FeCrClCaBrAl) b sy ps il s 5
05 0dd S ol e VF s S eaalia ol e eyl ls ine M2l O 5 BrFe P s
s oma Ml STs 50 3 b (ST 5 SK SO <K Na Mn Mg Fe Cu Cl Ca Br Al) la & 405 Sas
Mg Fe Cr Cl €a Al) bow Sl 3 ods 6,8 o301 jaie VF 3l 5 45 eanlin (o ls 6 sm5 clea&m]
o s g =l Fe 5 Ti Ca K ClcS Mg «Na ,ote 5,5 5 (Ti 5 Si SO K Ni Na Mn
Jo s a8 anta a5 ol e eSS s e S o 8 saalin (ols s 6505 slgaanyl
505 b Shgu, ) pead Ol B b I ole gy 03,8 ssbia 23S 3 s sosn b Sl ol Jlos|
dols s ey b s S oolinl (ol ailsn Low Opa3T 5 (gl adist 5IUT) o imn s (Lo UT 51 s 503 O3t
33 ol S ey Sl Ol 4y Bm sl omlie ST il LY 4 a5 3550 658 o 550 LBl Ol o

il o SWlae ailaie

oS et ik ¢« ooyl gls polis (gl S 0 S GuS SIS

Sy o

)


mailto:n_pourang@yahoo.com*
mailto:n_pourang@yahoo.com*

e oplialy 5 glile ds (5) ddS gu 68 S ) oullieu) Culil oy 4 My o
JEsl all o 3 s g, «s)lem Blo poopdle -

458 Goyb 5l bl 5 ol 4 Shgw, 5l ol Sogll
oolittul bl shls rizren 5 Cunl RIS 905
by dole sl paewsST (&S oy n Gln
45 ! (Phillips and Rainbow, 1993) wa:l
o STy CusS s o) adle - b Jolys
xl » oedle (Al-Yamani et al., 2012)a:l
el dolse oo g 55w Bble o ol STy
(Bosch et coul o (5135 55 olee sbyo g w6
St Jolgus 4565 ol 1S1, o,zu5 Al 1995)
(Saeedi and  ple jou Jlg> 0 wlb mds
Jols 551, ool mds imen g Ardalan, 2010)
OYAN o)) g o LebslS)os 5 o

b ) oolitnl bl o) e ol 5l Lol G
sl lp C.oumbonella w3 Gos 5 o5 sla
el Jlod ol Gblie s Gl olie s
=S gyl eslitul Bl (s izmen 9 )10
Bl oo jsbaie Cnl 4

OB P9y 900ge
dw odd bl weS paSTn sl e 4 axei b
3 G g, o dadhie 0 (gl digad oK)
) o] s S Ol (B e, bl J>lgw
05V 5 s o,e YVOVY) aleyon Jolgw
02e YYONNE) S 00 0 ¥ olfiw] (B0 Job
s_:).c ) Y ol.i’;.u...i‘ 9 (@)—‘*’ J}b O?OY“ 9 L,;]Lo.w
a?o“‘ 9 Lgll.o.».u U")‘c \’V°~a‘) L’:"l}) .\.».Qr.u alsul
Jolss) st ) JS8) wa S Slml(B,s Job
g sl Ll gl e gy )90 adbaie
Sl f23 g (Ol 3800 olile sl
& (B Sl Sl 0 (mie Slerdls)l
bl 0o )3 e Gaios Slaal bl o 1) sl
50 bl dshie baylh 5l pasly aS oo 8 bl
Ja.wy T ) 4.:5&4 A olass oli'l.u.g.‘ M )l AVay JL..J olo
ol YYO ghatie b L Van Veen o, aiges
s cpolie SIGT ol diged aw) 0,5 5351055 mye

b ptarwsS] pes | lié mhw o b gl S 4
5 S92 yolis ez o Ll Celli 5 wils 13 oo
Gl ol oad plulis S b Jlo 5l s)900 08
nrarsST (Sl ormlie o (e OS0L oL
oy ol gl 1) Wigd oo Cgeme (o] sl
sloyuhly Siglssl Clmss JUE 0 YL Lees
Ol sl 5wl oo (Gs0 5 Lo wiile) (are
0> 50 sk g JT la 0aiVT 5l (gl s gz
BBl (oo Gligalyn Lo ;o Wil polie plp cnaia
50 3,5 Coonl (058 Wil S 4 e aSSI ea0)
ob sy ST iy K il opl o s gl ass
Al L3 b Jlo 5l as ols 18 la v |, axSs oyl oS
Taly Jole loe cos Madl e sl aslipy (VA5 ans
ol b gl 53 508 03Sb 5 Consl oo 1
(Szefer et s)ls aslsl ooy, 2byo dihaie o alox
al., 2002; Tarique, 2008; ROPME, 2013)
o SUlg sl cdél ol aaSes oliiey as bl
Slgey 5 2151 VL (Lo spolis o pole (S
Cobls 6l)ls Yoono 1 il o 595 (ygel s dasore
o b 9 ole sle pitannsST (1l 6l eslana]
4 s b (gl 4iSgs Ysol (Maanan, 2008) wwsl
Ll a8 aiil (o a3y slo (s Ll bl le
Sibe (oo celie () Rl Glgie @ oolial 6l 1)
03 S L (2iS1 o) a5 sle o (Shg ool 5l (&2
polie (S e S5 L) S 20 pae ccwlie Sl
g2y ame Gl slo (Sogll 5 Slpis @
slo Codled o oan VI 5l gk 3550 50 b (S
Sl sl Comex Gl 5 CE g gl 3T Gmly LS
(Zhou  slic ojlil 5 Y5 yae Jsb 02,05
6g5 olidss S p mls Lelul et al., 2008)
asls olils Sodl jasls olee 4C. umbonella
«55 opl (Tarique, 2008; Saeedi, 2012)s42 oo

)
trophic level
Y
International Mussel Watch
Y
ROPME Sea Area

55



WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol 2 gale dlae

el Teds s oo (o p elite 4 355 oo 53l
Cil & Loy S5 25 b Tkl aiges S |
ool wlive Jal,s ;0 MA-B-3/TM o5 L ol
5 oy VoA B AY o ole wsgl.i)'l.g KSRV S
Syl sy FIY U YN o b 05 ojlal cds
Jolie oS LT 00,8 6,5 ojlal ¥ s s st
Vatankhah et ) o pll GUPIX 158 ¢ Lawgs
al., 2003; Salimi et al., 2004; Moosavi et
Gh9y 3l ey Sk Wl (s 5o 4 @, 2010
(ASTM H152 yogydud 5l eolatul b (g ey 000
ASTM, ) w5 eslasl type hydrometer)
Holme g, (bl p Slga, JT olge oo ,s (1998
23,5 6 5 o5luil (1984) and Mclntyre
Ol S5 51 g )ls p diged sleallis! aslio jslate 4
e g pp 8l g Bao 3 polie JI S e e
o3e3l 5l Slgmy 5o polie SIS e mezs e
somlice Sygo ,0 5 od oolitwl | udle g ,S
~e) abgye POStNOC  gesT o xe DS
) (o psbie 4 28,5 18 eoliiul 5 g0 (Wcs‘iis
e 9 Sligw; 5 i 5550 polie xead olie o
S GSlpo Sl Slge, JIolge 5 g als
pae b 3gzy o pslite 43S ool Ve s
sl iged gl 5 JS Jsbo o 5o (ime IS 392
et 5 G0y digel kallial I ead (gl
lalloml G lo (G DS 0925 (o) p Sl
(fine 30, 4o Sligusy s,y sBwo 3l (g4l diges

AR
accuracy

precision

v CRM: Certified Reference Material
" recovery

' Relative Standard Deviation (RSD)
" Kruskal-Wallis

W Mann-Whitney U

YA
Spearman

a4

o3la5l gl Aiged 4w g ‘15.»4 &l (6,5 o5ladl gl aigas
C. umbonella ases 0 slass ¢ JT slgs JS (5,5
4 Gl sl aigel wB sl ez ol ol 5
ol & (Sl azdy S Sl eslanul by S 550 a8
Sx3lo S 6iloy dger slaliw! Slgw, sle
sl Gk Bek B 0 SIS 4 b age S
Glasine oz p axly ( Sogll 5l Gyle b oo
Biole;l a4 sy lawg e g 2l ools,l )3
Jie glee slys 5 )b mds S3elsST eaSingh
2 09 @bl slo i 51 LB L e
o oiobesl jo sl eols,l 3 (o Kl a0 -VA)
Lss Lo wiges oo el ) 5 7S Jsbo 55 ol
sk il (2 )5 she Gaddes ) 2o L) dsS
aolsl o o) SL o ol g Y g 5l JelS
S emras =8 s SIS loslinal L il o5 slo ély
Loosl 090 5 0,8 SSE byl 5 Jetl iz
FA Gl G 908 Sz ol il az o #0ED gloo
205 05 ez O3l b s @yl 0ol Sl e wised el
Pl S aily olKisles] ay JWSH 5l ey 00D 05 diged
L ple b Gy ol ags ool 53,0 olosls
Sl WYV (e85 5k g terdis B 390> Culis
69 2 S S3U ke aY Sy e g 00 b
Glo aiged 0550 30 jp5e alE 00T Gyl b diged
56T 030,5 alowl 5 Sliges 5 s aiged oo 4y gy e
L jolie gox (lime 655 ojlil polais 0 Lo diges
X oanil gy opl j0 o plosl Sy oy, 5l oolaiwl
ST SH(L) 5l 58T Lawgs e diges 5 ool e

‘ grain size

’ Total Organic Matter
) total length

¥ height

g Van de Graaff
qpellets

h Si(Li) X-ray detector



e il eliie da () diS g0 dh 98 Sa ) culdlieu) sl cuuy g

Ol ylsan 9 S5 9

E 51°g 54°E 57°E 60°E

r 610 diged (S| Cado i) S

93,5 oaalive (5l p diges Slallinl G )10 (S
onl goz5 s 5 POStNOC slo (y50j] b 4 4255 L
Shoad syslo,8 slo aised oy lo il o ol
el 5 l8 )l gl Ll

O¢vy V<vBrivr<v<)Fe.v<)<rvP
SY<h <y

VE5las cool T saailis ¥ Jsoz 50 oo &)l s
Ot )1 e DS Sl 5550 10 Byo 1l 050 pate
@Az Lo 5 canliv )l p digel slalliw!
Bao o paie ol ges i POSLNOC sl 03]
4 )0y iged Sleallinl jl ead 5)sla,S sl aises
Woedd g s ¥, ) <Y S el sl
50, 05 yaie VPl aS cl ] 51 S Y o
Bged Sleallins] ()18 (e WS paie A 590
Mg (Na | o ,le jolic (pl 0,5 sanlin )l p
slo eyl i w s L Fe 3 Ti Ca K .CI .S
Gy, 5o dgai 4o yolie opl ke o 5 « POSthoC
iy ol A )l aiges sl Sl eal g5l 5
Yo V:Mg « Yoy <y K ¢V <y, v :Na :cul
¥ Cley<vyy)y Sy <y<y Ca:v<
O Y<Yysy Fe s v<y<) Ti:«)yv<
Oles dulin jslaie 4y (y93] 90 4 bgyye mls ¥ Jgoor
3l diged sleallinl 5l ot (55105 sl wiges
eyl 5 IS Jsb ol b (gme BT (o) Sl
5 &1y diged slealliwl 5l eads (5y510 5 sl wiges

slge IS swoys eimes o fraction: silt+clay)
0351 5l LalRl 5 ond (5,18,5 Sliges, o T
Syge 50 Wlae § wo,5 oolatwl dls- JSwg,S
abgs e POSENOC 5031 51 Jlo e Mz camlice
S adads 5l Jole gon 09,5 jelite 4 .ol ool
loe gl a3 SlaslUl 5l Sligey 5o mazd (5o
5 pobie o 05,5 sl ot ooliiul T il lil ol
99 5l o dged Bao g i b 0 gead lie S
6Ll als ays 5 oolinal Lol ailge Llo yge)]
SPSS (5,158l p 5 dtes s> adeus 5l ool b je050

3 el (Version 20)

ssbie 4 edly JSwg S lo a5l 4 bgsye b
Sged Sallin] Gl Hlogne IS 925 (o) 2
slo 8l o polie 51 SG 5o pend SIS 4 )by
@l Geized 9 (xhaw Slga) g b diged Sao «p
WS a5 68,190 ,0) abgs e POSENOC slo y5e5]
YoV Jolam o by 4 (005 camlin gyl sme

Ll 00,8 a8l
Wl as el 151 SV Jgaz p0 zy0e mlo
s O g Br Fe P oojge j0 bro i 0,90 yaic

14
TOM: Total Organic Matter

A\
Euclidean distance

FA



WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol @M pale s

S gyl g S Job il Vool 4 by ye
ML‘SA)QQ oliu..u‘séd.uw

l)l 5590 50 50 o (1 Siloo anglio (905 mlo uioren
S dged w3, o cdalin a5 ASlen Cl oud

610 2 Aiged Ll Gl (5,10 im0 IS gud &5 yho i b cpl (w2 yekiio & ullg- Jwg S (9031 WY i ) Jgus
00435 &1yl 35 (31 (3939) slre Byl g railao ol 5,10 S92rg b Aiges g3 gl L o Ciliho yolic mos olFuy
S Sre BMST w3l Wiloays,S adein alive ¥ Doyl 45 o Lalw! (S )9 50 p 59,5 cons ) Cuwl

(P <0.05. i3 50 cy90T (sliwo y2) aiibbos

G100 Aiged gle iy

yoss \ Y v H P-value
VYoo AV P foe FAFY /e
Na (Fe7) (O YVYANY (V) FY8/89) BIFF Here
YA s YYYFa/on XFEF /e
Mg (FYAV/AY)  (Fadsjar)y  (raanary T Y
FFF/ s FYYL/0n FAS
Al (YPAV/07) (OFAMVTE)Y  (1AYR/AY) Y/7ra AL
i YeFaa/on ISV BFY /e . DAY
(YRVPY/YP)  (FFa/70)  (FAF/YR)
p BYYVY /o AYFYFa/en PATYFL/L S/0Y ot
OFIY/AR)Y  (VFTIVAY) (V) AV/LF)
S FATF /o FoFYa/oe  FFEY. s (25 o
(ANY/YY) (FAAV/YR)  (YPYF/YF)
cl AN AL AT AN AR CER e
(FABYY/PVY  (FELVE/FY)  (FATOV/Y)
\“H‘Y~/~~ Va"\\‘~/~~ \G?é?~/~~
K OFIA/AF)  (VYAF/44)  (VYV./aY) Pl AN
VEOYAS /v AYAYF/er YOAFY/us
Ca SYPVEYA (arAsaFe)  (raaavvyy AT Kitd
. Av/os \s2dids \ARFARS
Ti (Feole) (V) 8/¥Y) (OV/VY) b/ave /0
Cr nd nd nd - -
VAY /e YYA o T/
Mn (AF3/¥Y) (YFAnF)  (evvayy A Y
Fe Paqf . /vs BAVE /o BFFA /e - v
(YAYY/AY) (VFYFAY)  (VFYY/AN)
- YVO/4 s Vo s F5a/en SFVY e
(30/YY) (BV/YY) (FYV/40)
Br AqYa/en Pyav./o. ¥/ Ayt oA
(YPA/A9) (VFA/FY) (YY)
S Avafon VYo AYD/ s ¥ Javs
(AFA/SY) (Y /VA) B7A))
o BYZ T /e AYVAY /e DYSAPAL — Y
(YLAYQ/PA)  (YYTAV/YA)  (\VFaY/77)

54

nd: not detected



e il oliie da () diS g0 8 98 S ) ouldieul sl iy 4 OlylSan g Ky 99

Wge Slplium! Gl (§)Io siro BB gud 45 yhuo and b nl gy ssbiie 4 ually- Sy S o905l VP i Y Jgor
&yl 3 (3l 950) Hlao Byl g (Kl polio .0,l05 3529 b diged Buwo jo Ll yolic zozxi oFuus 3l 5 lop
AW WS cilowss )5 asiee alivo (¥ Bgyol &5 (Ll (SUES (ig p)5 3 p59,500 o ) Cowl oy )S

(P 0050 (S 9-cr0 (93051 Sliwo ) wclilyio Hl0 o

S0 4iged sl iy

; H P-value

- ) Y y
YoV ¥ YYVAY/YY YO VY/FY

Na JJYAF JJARY
(BYIA/LY) (VYY) (88FF/YY)
FaVA/AY FOFF/FF TE/e

Mg F/YVY AV
(VAVI/BA)  (FARY/Y)  (AYYY/FY)
FaYY/ed YO¥F/N Fa.a/en

Al \VARAX 07D
(VFFV/PY)  (RVY/7Y) D
AFFYY/VY bAYF . /a s AEVO/0

Sj 9/744 oA

(30V/F7)  (MIFY/Y) (A0

YOFFe/ee  YJOFANG  YFAYA/F)
S Y/AY O JYFF
(OYARI/NA)  (AFYF/VT)  (V))2V/A9)

YAAYD/ v ¥YAYD/. e TYAYA/AL
cl JYYA JJAQY
OTOAV/VY)  (YFOIA/BY)  )YYFLV/YY)

YAFF/FV AR I
K Y/AQE JYFY
(AVY/Ye)  (YYoY/Pd)  (V4)V/eY)

FOYYO /0 FOOYAV/D 7Y VYV/VA

/YAY JATA
Ca (YYPAS/NAY  (YVYFV/YF) (YL VFO/YF) / /
FYY/FY FAA/A] Fau/e
Mn ~/6Y~ ~/VV\
(YYF/YY) (VFA/Y) (VY3/+9)
IAQ/FY YYYV/A . Y CAYYY
Fe JAFY JJEYY
(FYA/AL) (3TN ¥) (Fra/8A)
FYF7/TY YYA/DY Fro/Na
Cu V/FAY JJEVE
(YY¥/7Y) (YAY/+Y) (YFY/7Y)
AR ARV YVe7/Y0 \RARVAR
Br V/oFf JJ¥oY
(YOYA/NY) (YFYa/r ) (Yo /¥7)
YYY/us YFEY/VO Y¥FE/PY
Sr ¥/7A¥ Y

(FA¥/2 ) (Yov) ) (F79/:¥)

YYeFY /e YEAYFPA/NO Y7AYYY/VY
o) ¥ A
(VAAL/4Y) (\‘f\“\“/\/‘\\“) (\Y/\.\“//\.)




\yay ut'u.uao‘; ¥ GJLQ-‘-:‘:‘/ fJLeA’JC.\ue:\JLu Q‘)ﬁ‘ C_\)l:_u.'bwlcd;a

61032 Wigas Ll (sl (5,10 Sme IS g 45 yhuo 4 5 (0 (59051 Hekine 41 (edlg JBCwg S (39031 IF s Y Jgusr
s y1) Gl 0093 35 &1yl 3 (351 9 4950) Hlaro Bl pzxil g (1uSlo 3lio .05l 3529 Wlgw) jo Alizko yolic gozi oBays jl
Sl y2) wbb o Hlo Smo B a3l wilowyd )F atuin wlic (Y Bgyel a5 @L@M| (S 439 PS¢ e 59,50

(P <0.05: S g0 yg03T

S10 2 Hig0d lep St

Jotes N p . H P-value
AOYY/TY 2 YOAFF/57 P FFYF5/55C
Na V/Y /ey
(AYY/77) (VFOIA) (VY#8/4Y)
YV¥#7/77 D YPYYY vy P VoY FF/pe R
Mg V/\‘~~ YRR
(YoAY/)9) (VYYL/¥e) (YVe:/19)
\EASRVAE YOaF7/7F Yoa78/77
Al B/FYY 42
(YV+r/e0) (FA+ /YY) (Y38+/TY)
AR RV Yoyary/ry YF /o
Si d/48¢% e
(Y)Y Y/AY) (T8 /AY) (FY Y/0%)
YY e/ A4 7770 YV 8
S ALY e PF
(V YD ~) (l\b/~ \G) (VV/V/\)
Yeuus/en @ YFA /o @ Vease/ee b
Cl AR Jery
(Yroe/o0) (VY ee/on) AMAD))
AF .o /0d ARV OAYY/¥YD
K \ARK VAR
Oy Ol (F-¥N%)
YAPAYY/YYD YEEYYY/YYE yovrYY/YYTC
Ca \ARK YRR
(Yo8¥/+A) (O V/AN) (FYe/00)
YA ~/~ W C V?~~/~~b \\‘~~/~ 2
T| \//\‘.. ~/~ Yv
Oy (e (Y/00)
/\~~ ~~b A\ ~~a Ao ~~b
Cr / / / \//\~\‘ ~/Y’~‘7
Ol Ol (/o)
Ave/on ERYAR) RV
Mn / / / ()/()T‘/\ ~/~‘7V~
Oy Q) (/o)
F¥F /oD YYore e @ Yoore/pe P
Fe #/FAQ v
(YYOV/Y7) (YFIV/Y9) (YA8+/YY)
AREVER YYY/NY \Radids
Ni s Yo
(Veo/en) (BV/VY) (VY 8/%Y)
FAF L FY/YY A AAATAR YYYYSE/5E
0 &% Y4
(TYYY/e ) (Y1 0/87) (Yavor/a)

\Al



ol gl d (5] 4S g0 43S S 3 ouldied SulilE i)y

Ol ylsan 9 S5 9

EW )l 3 U5 Job ol 5)l0 sime IS b 45 yho (p 3 ol 903l e 41 dly- JSwwsgyS (905l 90 i IF Jsux
Syl 5 (L3305 (5939) Jlxe Byl g (pufilno poliio .05I5 929 (10 Aiged WAl 51 o (53910,5 (sl igas
32) bl o Hlo Sxe BB W8 (ilows oS el alin (¥ gy b aS o Laiw! (MM caws ) Sl 0wy ,S

(P =0.05. Sog-cpo 303 sLwo

G Al gad GL@AL?C\H_;\

; : - H P-value
b¥as. av¥/8 DFF/A
< dsk (Y/%) (%/9) 0/9%) A/80v A
. bag /. a¥ry/¢ P(F/Y)O /7

Wil o il Wiged Glallial I ead ggls,S
i Wl Wl (p=0.027 5 H=7.2)
dges SlalSial 3,90 50 o5l b POSLNOC (5031
S ahds 1Y <Y <YV g eples azlee gy

Slolge IS oBaua 51V <Y Y 5 5, ails Slge,

Shoad 5ysle )8 Sligasy ;o Il olge 5 gy ails w0
il oo gy B ooz 50 )l p diged leallin]
B 25z 5l S lly S S 03] b
Ao ,s 0B 3l il digad SLKiw] o o Jxe
Slgesy 3o JI olge so)s rizman 5 5y als Slig,

(810 wignd LA 1 0l (55310 ,5 ligay 50 I dlge g (Gusy 4ils wwoyo 10 Jgax

] S5 ) ‘_?y R Silt+Clay TOM
(clay)  (silt) (sand) (35 410)

\ \EA ¥, FA,Y 3Y/A v,04¢%

) Y Y¥,4 v,y fVv,4 AY/Y Y,VA0

¥ VY Y$,0 £7,0 vo/d ARAR

\ YY,A N Yo Vo 3,FFA

A\ Y Y¥,Y AY,A Yy vy 5,740

¥ YY,o oY Y5,8 V¥/a 3,F1%

\ A £4,Y vY,s F0/¥ 3,YYY

Y \ YALE FFA LY 7O/¥ 8,Y80

¥ VY, Y FA,Y T¥,0 70/8 3,Y18

; P<0.01 « r=0.80) )l ws 5 ite Siron Ot gl (Sar ulpo cy b 00 (om0 3l

3,90 ,0 P<0.01 . r=0.92 4 5, als Slow, 5,90
5 polic ot 09,8 4 bgse gl 3,0 39> (TOM
&l adg> BT S eolatnl b Slga, jo aezs i s

S cal 585 55 3 s ool owpo S ¥ S5 s
3 (5258 dgee a3 S, azliz 45 005 o et

;_9){.»9‘ Y Jjb\} B 0 djl)l CJLu U‘)L""" » 45) Fe

Wges lealliw! o bl aezd e 0 )b e
3, als Slgw, 3 TOM soj0 b (sl 8925 s lop

=5 o2l paie 3j5e 0 L A4S sl e dalis

Yy



Sy90 polie aldS wad a3 )3 Jlai 0 VP o a5 alold S Mn.Cr jolc wes a3 5 L oY o alold
ML@&Mw&bfﬁeosﬁjédlﬁ)ow)f ercMg)..oLLC‘(aOB;)OS;;S.‘{)QKjTiaNis
rolie plo g (B os5 o 005 Ca jolic o5 55k pom 05,5 15 Cl 5N solie (D 05,5) 30 05,5 15 Al
090 b 4 ax g b S e 515 @) 6,08 09,8 0 & )R e Sym O 5 €SI jolie 5 (€ 059)
S0P i g pelie oo 3l Jroximity 2 528 dges lad (285 Ja5 3 b s (s 5l S
é.n)).: u.)/,...aSscrgMn )..aLcu.u(A.LalB u.>)...<,5) <* (:LC.)‘ Jsb )i’...\s.‘ L| JS‘ 05; dw “; su)m 4.1..0[3
el panseis BB O g NI jobie o (alold o o) 2 (2,8 dgee lax O aslix Lules (A og,)arsl
i) Alald
0 §is 20 25
cr5 ' : !
Mn !
S 1
a 1
Ni 1
Ti !
eld K :
Mg 1
b{ Fe X
Al s
c{Na 1
a :
Si 1
Ca 1
f{ o :

15210 5 4iged (L] ligas ) 50 a2 olime o0 I ilizko polis (s 09,5 (sl (5! abgs 5IUT ol g i ¥ S

3 g8 liee SB35l polie (sak 095 4 bgyye i
58 PCA [jgo31 5l ool L Lo diges pp sl el

o 00,5 <) Y U

e — .

104 a on

Component 2

b 99 09,5 & laie polic Dicudle b oSy 09,5 4 laie polic b aigai o5 b COb 15 SIS gosd (ol e Aldge i ¥ S
A5 3l pieS L aiged j1 ke 50 CF polie asCul 4 azgi b il ouls o0ls QL’LJO:CA)L:QMoS;QWﬁ&cgn Ceode

bl g9 PCA 05.0)']- &b 3l polie suy 09,5 5o Oi Jogouis )l 090 oiwd (pusi
Yy



e il oliie da () diS g0 8 98 S ) ouldieul sl iy 4

Ol ylsan 9 S5 9

o) el o adlge il @l 4 azgs L
oal oals ylyge (6,550 Jalge (GuSlayjly 2552
Eyome 3O pyw 5 ped oJol sl addie L bl
AS e oamg |y b Luibyly Sl s, 84.548
ol 1) s bl JS 51 a0 44.066 cuss adlge
Cay;Cu Mn Br S jole ol polol g ogs oo

RS g 5l it (oo oo Akl LB o9 S S 0
a5 cewl Cl g MQ ST O polic 4 aily pgo adlge
0 elasl ser ) b il ls S 5l as s 24.116
JS 5l 0,0 16.366 45 po adlge 4 axgi b oumo
Sr g Al Na Fe olic was o Gidg |y b bl

(F JS) 05 (0,18 S0 (5295 )0

—

1.0
Mgo
o~ 057
€
Q
o Fe &
o 0.0
o
g
Cao
O g5+
1.0

100 et

Component 1

00 7

oom) Shel sl adse ule mls 4 azg L
oads ool lyge (gI8,L Jalse d(uSleasyly is 2
do ggeme ;5 pom g pod (Jol sla adlse b bl
oS Adlge ST (o0 a2 gs | o Guilly JS 5 e s
29 05h o Jold 1) o (uilly JS 5l o0 49.683
s Al Zn Mg .Ti Mn (P Si Sr ,ole T ol
Go 5l il oo o anb BB 0,5 S 0 FE
sO0SNa.Ca.Cl olie @ diily pg0 adlge oo
3o |y b byl JS 5l ao,e 39.504 a5 el K
10.812 a5 pgus aiddgo 4 axg5 L .azms o elasl
2B yaie wes (o Ghiig | b (il ly U551 ae 0
4 Loy @l (1 JS2) 005 (o0 518 e (o295
o gai Buo 50 gead (e il polie gan 09,8

ol oy 5 a1 E S ;o PCA yg03] 5l eolial b

:c«»)[clggéag;d.gé.bu’.ora&c‘o:cﬁnﬁclg&las;dgébﬁ.n,o&:.hd,aj Buwo 50 Wipld zosi oyl jwo addgo alds :F ST
M»5!;@5&43,»35|‘5,M,.>Kﬁ.>m4&;.;,144.4;755lg.&lo.:.&o.:laou.so:m)L:LgMeg,f@@J.m,ob.:sn
islas 3929 PCA 145031 33,b 31 polic (gusg 09,5 30 4T Jgods 50l 093 0w

Ol ol 5l il so (005 Slogzge jle g CSgu
Brs\‘\'l_md:)inw)ooﬁ)')ol:es P.O ,sle
(Cohen, oo)f PP RRETIES WLQ, e, i
wo Olyee S e ns o S ok .2008)
sl g sl wges sl L o ole Sy

Yy .
macronutrients

v .
micronutrients

&

orY)
Sloeas Gygle S slo wges awslie oSays
@ ool 3 S ae b gyl disel healli]
oz o 85 el 55 obls il o il 4 Ly
Jgaz) sl 8ol 1) )l cme S &S 5 paie

. . Voo,
9 .\.J.\) (5‘)4 )Lu S99 \)‘9.0) R J‘}.o 00y 4O (\

Y )
nutrients

v¥



WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol 2 gale dlae

Ol 3 b S8 ez liae i pas b iol3dl  ralS
Warnau et al., 1995; Méndez ) ss,5 oo olal
et al., 2006; Pourang et al., 2014
Pk ohlss Blo ey 3 Tl WS Vsol (o
el s sl anles cdl,s dlie )b 5l 1, les
e bl il Bk 5l ol Gy )0 Jbe polie
Slge D)3 5 la 6L o (S g il gol> lis
(e 5 537 Om adhio )3 Syzge Jaxs 5 ]
(Tarique, 2008; Metaxatos and Ignatiades,
2011; Baeta et al., 2014; Bagheri et al.,
woaxg b bl opl g 4 ead o))y olge .2014)
oS ol se yolie 5l bt glgil gol> Ll slice
asl el cole Gl b b slice conl Sow
3,90 58 axgi oble oSS 51 S (Kennedy, 1986)
2 a5 el ol (C. umbonella) adlas 5,90 4555
bl ol ol s LS, cudise S Ol ol
e ll o s a4 STy o cel (Sew
S35l eolaul 4 nél.u Slge 5l adss 5l (ol Gl
a5 T 0ad 3 Slig 59, 2 SiU 4 S
Sy Gk 3L s ol Gk 5l e blyd 4 L
(Tarique, 2008) ..zl
yais duw pazd Gl ;0 WS 092y LYo i o
W 6)5]‘5)5 o diged o slo 8l o Br 3 O.P
S¢>9 ..\JL: s)iv.é Oli’;.m.i‘ FEEE) St Y °li;""‘?.‘ )‘
Lgiye slo aiges gl 5 JS Jobo o I (Gre SO
(F Jouz) ;550 olin] 90 b auglin 10 9050 oKl @
ol hE laise 5],

YV
clams

YA
facultative filter feeders

Yq
suspension feeding

Y.
newly deposited particles
72

Wb i (5500 wiged Slealiwl 5l oad (59108
Dged dz g py S &

Sy9e polie gy s Collh 53 oglis (I
35l Ylzml) (618, digas sly oSyl e o Lk
l atlordsSosd gloyially Sy (rbiie Dl s
DS Ol (2 Gl pranssST 5o Yool (Sligesy b
Slgasy ol gt Jold) alizes glajls sl yo 3l
st s Ole p (iggmy LS ola Sl g
Oliee oz @ojl 5l Sy po sl e DIl
(S e Glaypsl abanly G (g e
205 (o0 AT () g (2loond

2 050 polie iz il o il ol (@
it o asilSe 160 diges slo oS! yu
alawley a5 0 10 0929 b (gl aaS g0y jolie Qi (ol
olse e s by ((Soielen b Ll o s
WS (o0 ed Ohle ol Comiz S by e
(Luoma, 1989; Hamed and Emara, 2006;
Peake et al., 2006)

Slyen 5t (ot Lo 533 S nger sl o s (2
Geiie by (Ll e Bl jolie mexs
e I L L )
il ot Lol JelS jslay 59 dbogs po (5l sl
B azs a4 jnie dl) S )0 Ygens lgre
L ool o & s i 2815 (95,5 L2
Sdglie glo codld fals (V0 o ol iuli8l
Okl 30 (¥ (5 o) 535,55 bl )0 Glo g cogu)
> 5 Ygeme g Zawl YL g5 038 il 255
o 3l 055 ol yrs pole (S e o3
Olies ol 4 j2ie jg5e Jole aw j2 2sd oo )5
adl 005 oo Sl o olal Gl L ol Qi
50 4 ogr 45 Cwl J i S @l oladoy gl
& o akl) cnl o (eaiie Glo il b (gl asS

\E I
bioavailability

Yo
pore water

Y .
essential elements



ol gl d (5] 4S g0 43S S 3 ouldied SulilE i)y

Ol ylsan 9 S5 9

N Si gozd Glipe j0 S| 092y e i (o
9o L Gt Y oli......u‘ )‘ W) 6)9—‘0; LSLQ 449.9..: RV
IS Jsb G o g BB 0925 b S0 oSy
Lawslie )0 je5 ol 4 by o slo diges glis ) g
azgi Lol )13 aae 55 1) (F Jooz) [550 ol 40
¥l @ by sl aged o iSzsS a
syl 536 Loakal, o SUL Ged Clrogs
Ol o o it polie gezd Glies 2 Soytese
salgs iyl BBl Jleiol He s 0 5
g

Slgw, ;0 yolie zezd Gliee awglis Bays
Caod| Pl @SSl 4 az g8 (5,10 0 diges Ll
g, 50 yolie pod Gl ;0 Dolai Yeol a5 ol
ol @ Lol s wilises slpallan! 5l oais (5,910 ,5
Sle 4 0gh 0ol S (SSiee,0) el Ll
an o polie 5l (S p ged Ol oo SYL s
Sligaoy Comnd 05 SYL 51 200 sl (1S Lol
o polis mezs e L gble cpl jo 5, als
bl ey g ol pludl milie 4y s &8 Slgas,
b sl 4 asl il oo bad e ddlais )0 0490

¥ . P ol 5

9 u_.ul.,.w G;lS g.A_\S).v ‘6” é‘}a s_:l.:}».?u “_:l.ga.w)
3 T oleS olie o)y (S Sl hSi5 slice
Olyd Wed oo Jaie iy Al Olgw, 4 Cundd alag
& S x> & gl Cod Gllo S eS g,
il 5o oleS Bl gaz lie o9y DSl &
(Pourang et al., 2010 ; El <o jag
a5 4Sles  Kashouty and Sabbagh, 2011)
a5 00,5 (oo aamMo B Jour 4 azgi by 5 SIS
Slguy 2oy ¥ olis] 5l ok (5y5l0,5 Sligus; o
5500 ol g0 5l JT olge o ys wizmen g 5, alls
O (Sed wlpd (o) bbbl sl (oo i
Slime 53 6ld Sre BB aS (sraic A pezd oliae
L ools 0925 (5l0p diged shallim] ;o Ll ge

vao. . o
mineralogical composition

€
trace elements

Sead 69105 Gl Wged awslie oBws
bgsye @l (28,5 5l 10 b oglop aisel glealiin,
ol Sgpie ¥ Jguz 0 a5 GeSkes dpil Bowo a
SLealial o g)lo ghre ST S 0)j50 0 Byo
@ bl (IS sk a5 caalin o)l diges
Bl 53 gl S92y il ol SKiagy Dlidios
bl 5l a5 498 S a4 Blaie slo Soo olend
Jalse 51 ool ol (S il 00l (5 900,5 calisee
Sl 50 5zge (alands SlaS 5 50 Sslay jolii iz
aile) (e sla el )3 Sglds izren 5 Shgw)
S5L (5,18 Aiged Slealli] ;3 (D)) 4250 5 500
(Zacherl, 2005; Gillikin et al., 2005;
Olsld oSt 51 e S Yeo! Niemand, 2009)
yaie (pl D9d (o0 Ogmme ey gy )3 pais (p )
Yol g ail (oo 0l 53 (o5 c> Joily sl
a7 5l B0 Ol o slre predew odes i
2l o T Silsa b G55 anlh ol il
» Si sl (Bartram & Balance, 1996)
dw Jolis g ail (o sl Boos (o o S|
ool g b o 4 09,9 (W il oo Lol slics
Al 5l ey slo O 5 o wlsg; Gyb 5l e
sl S Sojlen 5l o8 Slkew b S
Shs (0 Pl 5 Tl )lwsld ) JSite ke
008 oy Slsgzge Mol 5 o8l T Sy slice
S slo il sl g aiile ke
S OLl oy ey (0 b degls 5 " oleled
5 ke la Saw (Sojlen Sl el &b

(el 5 13 Ui

) .
metamorphism

vy .
weathering

Yy ... :
silicic acid
A

feldspars

Yo .
micas
A .
biogenic

Yo .

siliceous sponge spicules

YA A .
radiolaria

\d



WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol 2 gale dlae

Sao o yole gexi gaipgS gl IS5k
@l S8l 4y S (5 i pled g gedy sl Gl
shls as ole aaSes Bao ol poogdle aiil o p
6l ooliil Colls il so w8 0, o YU yes Jsb
Beone et ) wi)ls 1, el fgh Jame &l eod
a@l., 2011

JShadlaie Slge, ;o polie guipy S Mo (el 5o
g5 (lyee VYol a5 S5 azgh 4SS opl 4 Wb (¥
oled) mlie o3l o LS & Sliges, 4o calise julic
Sl sla (S 5l ah @l o T8l e 5 Sl
5 ooled G S 5o Il slge Glie g, (23l
35 oo A gy ObS cwmy e
(Presley et al., 1980; Pourang et al., 2005)
2 rolis pezd Sl S9S Bied ml alie ol
2 polis gz b e Gladd plo by glo b
O g ! adlaie ol jo e (ol A4S g0 0 sleisl
a5 aigSilen 5503 aszlye 7 Jou 4 ol oo o]l
Fe Al yolie (B dy90 50 i 00,5 o canline
o rwd 58 dmslie gl bas e la eols (ZN 3 MN
4 bgipe polie Gje paie Yz b oalal) )0 all o
3 ae ol aba>de BB jokar )lge ST 50 Geiod
Ak oo Hmie Jenx p0 ead gy Slided ple
Gl oolds 0,8 le WS a5 GsSles IS5k
sl Cil o jaie 2 resd Gliee G odd cslie
oo g 31 (o3 Ceul (o chlien hlie ]
%B)QQBLAS@QQJGAMQT}\ASML
3 Jletal ©olds izes g polie (S (o yied
3 GBS 9y50 23L50) S5 0550 pate Ol il
(Luoma, 1989; Hamed sges o Lil calizee 3bolis
& Emara, 2006; Pourang et al., 2014)

o5 b oakaly po Gedod onl Gl Jeols il anlie
b o alis Slidss plo b b diges Baw jo Lolie
Gk gl o8 el o1 Sles (V Jguz) Ml o
odds 7,0 Sladow plo jl is o)lse wled jo GeS

&y .
lithogenic

\a4

a5 0gh (oo odalie 1, als Sbgw, 3 TOM wo)e
e 5 i (Shared £33 (5ol paic 550 50 Lo
Ol (st (Sad 0dolin Yool .o )ls 3524 Slo
@) g 5l 3w onl S5 @3, Sl e oy o
S e Ghwald 5 55058 YL Slgime Lo
o Seon pae (Devesa-Rey et al., 2011)
TOM L (ol 320) (owyp 0y90 polic 5l Sz
(Montalvo sl o Ll Sfgm el poe ,Silis
S5 oles sbys (69959 59) Sl Aiged Sl
s polie gead pliae )3 Dglds ()8 @l 5 502
OSM alises 6@&&»‘ )l IR ‘5)910; ubﬁm) B
o dlox o] 5l a5 wal sSbes Jelse 5 3l Can
2T b jpax 0 Sglis ezmen else 4 ol
Sl gl lasl mlie a4 (oo b (5,90 s
A_JLSL’)} ""P 9 CA.C).M.: 3o u_)BLD.: ddlaie )9O Og>ge
.(Pourang et al., 2010) sgei o Ll oL o

o g pp by Sl o jolie oy S i )
Dgad dxgi (b3 Ol 4 WL (F oV sl JSKO) b diges
Sl QT JRUTORION:T-E N [P FORRRLA IV 0} =L Yool
@ bl gla <8l o (S Slils pead o5l &5
St 5 050 28l o il @do 5 iz sl ey
(Moloukhia & Sleem, 2011) s ,ls

ov o oblh gl Shy o ke aw IS5k
J-:A ) usl&) (&.&." J..\.“)LJ <° J..>o OJJ)' 9‘09}944
Ate) Sl sk 09,3 @z Oliwe Dsls (@ (o055
sl Core (@ (@ b wi> pazin slo e
0 e by alime s T ulys 6555 dwis
(Harvie Cslas ™ suis, g0 peis ol slo olls
et al. 2006; Liu et al. 2006; Beone et al.,
2011)

£) o
coordination geometry

£y .
conformational change



ol gl d (5] 4S g0 43S S 3 ouldied SulilE i)y

Ol ylsan 9 S5 9

el iy ol bl ple jo oad abxil Slidss
5%) Slidzd plo gl 5l (G938 Gaiowd @l (o YL
009y, a5l Lal gogas U Ylamsl (0)lse ST
039 Sllllas ddlais 5l oals (6,10 1 diged Dligu, (s
Camd hlo 35, ails ggm, D13 Yol 1y .ol
0 S yd il DS 4y L (6 o> 4 el
) robie 5l st polie goad SeblB gyl 5l g il
Parizanganeh, 2008; El kashouty & El ) u ls
; Pourang et al.,, 2005; Sabbagh, 2011
Solad o yee ,» s JUracic et al., 1980, 1982
Syg0 yolie plie (oo (o yiden Jlo 9550 )0 (&:3s
530 5 Slalllas plol g3l Sllas aihis o L
il oo dilate opl o Ll jlacs! mlie

80 Olyee IS 0,5 SIS oS aigSilen
5leas 6y900,5 ! asS g0 sla wges o olie
Jolse 5l S el S s)lon diged slealin]
polie i) owyws Cubl o ogls) asl b
Om 0 B 9,50 yolie Qi il jo Lot gl
Gl o Solis b wslop dges sla oKy
slo cdl jo dlize polie gexd Glime » SO kegn
e e 90 3 (xhad Dgldd gyl (g Al
eSS Slalllas plonil pilins )o50e Jolse 51 S 5o
il o

3590 4355 5 gm0 blitial iz Ol (oo aled
e plgie 4 (Brre lp orlie a5 Ll siz 4
o Slllae adbaie o Gl polie (ta; Sl
Tl oo j0 00,08 Les aST )y aels (<l ol
Gl als paskis Ll (o olee slye g B
g pr S8l ) yaie VA ggerme )3) polie 5l es,lS
3 goland (@ (oS g, 5l eolaiwl b s diges Buo
o diges slo <l ,0 (ZN 4 ST P .Cu (Br) ,sle
olil b dilaio Slgw, 0 Ll oy aseis LB
Fr e Ol (& A 5 Y F Jglaz) Wogs 25
g pP e Sk ,0 GBS (pl )0 (ow)p 990 polic ]
5l YL 6l alasde BB jolay andllas 5,50 4565 Cew
5 e gobw ;o adlllae 590 (sl 45T 93 slo 4gS Koo
2 ZN g Mn Fe jolc o54) ol o0g Ml ym

o5 Olipe )o Dolds Vgl Bl (oo j050 ooz 50
OSen pliey alide gl wsS Sas o yais S
Ll (o ifege o5 wil il Jolse 51 a0 ol
Gl aiges s, ol o ool (W) asle
Sy 3 Sl (D oy )90 Sl S 4 (Blate
(@ wir D5 slo 455 4 e slo wigel m“‘*:’)
2 sl (0 7 g pad G b T pan IS
Olee o lame aloerd 5 (Spd Jolse Sy
it ol Gl pawsST 0 Oyl 4z g 60
50 Glise olie cdale o gloy 9 S Cllug (&
2 09z5e JIslse (e (7 Ol Comj b O
2 Dol (g B 0,50 sl A8 o) L Slge,
Chang et al., ) Gl slo wef ™ Ll Sl
2007; Protasowicki et al., 2008 Niemand,

.(2009; Pourang et al., 2010
o b oakaly po Gdod cpl Gl Jels mls alie
5 Ly sleoabinl b xaw Slga, jo jolic
O 9 sl adhie Folaw o wlin Olagss ple yoores
G bt a5 el o] 5l S (A Jgus) I
polie g baojlaslisl 51 in ojlee ST 0 S8
3 Bk (o0 Goie Jooz 50 gyene) b sleal,
by 53 DIl sl Sl polie b alie
&2 e 2lse plo ;o Th s MN jolie 5550 5o
St yzpe polie jl (Gldlae adhaie Slgw, o jole
b ey dimgy o pobie polie b wbd o Lol asl e
Sllllhe dilaie Shgw) )0 polie ged (e WSl
il oo e (NE 5 Clsjso 1o 1) o)l 35T 50
20lie 33,5 (oo osaline 1550 Joozr ;0 &5 (5 shailen
@l b amlie ;0 9)lg0 55T ,0 (G935 Gl 4 bga e

o otogenetic stages
’ growth rate

“ mineralogy
& biomineralization
** feeding habits

global baseline values for metals in
sediments

o

" earth crust

YA



das

i g S 99 b &Sl

3 oWl il §f Callista umbonella &5 p sl Cdb 1o i O3S roxi yolis 4oy b (28D) (il # Jou
sl o S4B g5 i pSgSen oy polhe &S Lid il bl

Ol el gale

Jl

Cacuns

3

e
aigf . Ca Cl Fe K Mg Mn In s
il
Calista Northem part E@.o 354766.6 gw& 439400 229266 22666 3076 P
- - - - - 5 - S sy
o Persian Gulf 487955 719769 34617 114290 43007 18325 2841 ’
i i 194 102 ;
B bl Z_Ez bay, ¢ 3 Tarique,
Persian Gulf 2008
06 19
Hapthen pat Sacedi
C. umbonella of the 100-150 2617 3-160 g
4 2012
Persian Gulf
Tebel Al st Q
Pinna muricata UAE, 501 1110 18% .
Persian Gulf 2004
, De
Al Sawadi,
Saccosirea oy Senof 164 711 s e
cucullata Oxik d,
2004
Slndacyias RPN 210 Sace,
of the 1586 8-56 60-92 0
Persian Gulf N
Deception ) g
o— Idand. 9200 700 Deheyn
elliptica Antarctic - » i,
; 2200 400 2005
Peninsula
i i 2 i 3
Conplopallin wmsw Za._o m 6.06 183 Mitiiat
ke i ; £
Caledonia 88 246 90 &
i Southeastem 256 200 1670 Stankovié
m&@.vééﬁ&: Adriaic = 5 : dal,
coast 1403 216 754 2014

\YQ\; OLLH-\A.. :)/\‘ QJLA.‘.:&/ ‘5_}

ya



Glolsas 9 S5,

298830 da (gl dds gu i g8 S ) ouldiinl S lalS ey o

L

905 L aigs plu

3 oWl aihis 31 Callista umbonella 665 Suio 1 Guiini (p 13 cayyi 9y30 polis roz yolio aol b (£8D) (Kl Y Jouz
il (0 S (39 35 3 05950 eyt y13lio 4l L5 iliko LS 3 gl 4

ajgf ; Al Br Ca Cl Cu Fe K Mg Mn Na 0] S Sr Si &
@i
: 3848.88 3203.77 652312.96 31000.00 402.00 1096.22 244545 4633.33 463.63 10177.41 269387.03 2444716 2429.62 4063.26
Callista Northem part of i€ 4l
bonella  the Persian Gulf ., - - L = » = . = . w - - 4 - s
L 1251.65 245129 28111.69 19836.04 319.11 621.71 238384 2648.66 261.03 5566.30 12363.19 11488.23 591.96 1599.69
Around the
Pinciada Lavan and 1.15017 0.3845 0.0635 3613.8275 4.8207 981.2413 St
radiatra Hendourabi b e % = - = a Nomu_
Islands, Persian 2.0874 0.2849 0.6808 3568.7025 3.8975 122.0923 &
Gulf
Northeast of
: Anglesey, g
m.:.aa Western coastal 123 1435 Bic s
siliqua al., 2006
waters of the
UK
Smith and
el T 1 546000 340 3 180 30 1o 3200 1600 Wrigh,
virginica USA
1962
Cornwall,
Ensis Western coastal Nicholas et
siligua waters of the al 1993 al., 2006
UK
Pinctada Lagoon of s of
margaritifrc Mahini, French 457 396000 1.05 678 2136 230 5536 890 5 m__%ow
Polynesia 5
! Lagoon of
Pictads  ypini prend 958 356000 65 18 116 2700 37 5310 1030 -y
Sucata ; al.,2007
Polynesia
Mytilus Polish coast of GQM@% wmz _owa uw.mmo Protasowicki
edulis Baltic Sea 23,001 0438 9,604 27799 etal., 2008
Tridacna a%%ﬁﬂ% 4 26 299. Madkour,
maxima 814 1286 65.2 2005
Red Sea coast
Port Said, Ramadan
m:.nmﬁn Mediterranean 25-54 i 12-50 and Shata,
diluvii 309
Sea 1993




Ol @M pale s

Jl

Secuss

3

\Yﬂf OLLHM.. :)/“ GJLAA.:{J/ “.\J

9 Ot Gho il 20 Oligus) o gl ailia (L3 (39 135 1 )59)5m o t y20lis) s Oligus 39 (S OIS o y0lis dilo by (D) (eileo i Jyoz
Dy G:L_ o GFob_tE_ SR
\cnrmrkw sl
Al Ca Cl Cr Fe K Mg Mn Na Ni 0 S Si Ti I
8l
Nottemoatate | CX7 JMS666  3ISS 7666 29p4d4  SULL MBS 6000 MSSS M3 VM4 8615 laSM4 253
Ders P ulf + + + + + + = + + + + + + + S (hia
S S04 391143 296526 1000 49058 17265 6855 1732 17393 866 375922 4815 43580 11368
Around the Lavan and 0.710
Hendourabi Islands, E3 Pourang et af., 2014
Persian Gulf 0.350
DRSS g, 6.60 7200 410 200 140 7700 057 52.00 3800 Bowen, 1979
for metals in sediments
Upper continental crust 774 295 35.00 3.09 287 1.35 5270 257 18.60 3117 Wedepohl, 1995
Barth crust 81000 130 00 54000 P00 1000 75 5000 _o”___m_s_ﬂmma Bt
ANZECCSISQG .10 T ANZECC/ARCMANZ,
guidelines 2000
EPA Marine Sediment 523 159 ROPME, 2013
Screening Benchmarks
Ontario Ministry of
Environment screning %110 4601110 1675 ANECEARMEN,
I8 2000
level guidelines
Horg Keone ssmont 80 4 ETWB, 2002
quality guideline
ROPME SeaArea 2533823 22487067 12381 1681875 2595856 30528 76.64 ROPME, 2010
i, %_.w Persian 91009 376 580 25 155 De Moraet al,, 2004
Baja California
Peninsuly, shallow- 5,4 ¢ 2947 1402 143494 19:8 04402 01401  Leal Acostaet l, 2013
water hydrothermal
vents
me_ggmnww?aa 11180 4250 6 Stankovié et al, 2014
Western Part of
Egyptian U100 1122950 57953 38762 Ahdyand Khaled, 2009
Mediterranean Sea
Vellar estuary, 542.00 944 10028.10 95461 17828 1.64 _
Southeast coast of + + + + + + Jilnarl w_%wwgiﬁ
India 48758 31 557.00 uSU LD 1.20

ANZECC: Australian and New Zealand Environment and Conservation Council, ISQG: Interim Sediment Quality Guideline, EPA: US Environmental Protection Agency, ROPME: Regional Organization for the Protection of the
Marine Environment.

AN



ol gl d (5] 4S g0 43S S 3 ouldied SulilE i)y

Ol ylsan 9 S5 9

correlations between metal in mollusk soft
tissue and nonresistant sediment fraction:
a tool for biomonitoring intertidal zone of
the Persian Gulf, Iran. Environmental
monitoring and assessment 186:1977-
1986.

Bartram, J. and Balance, R., 1996. Water
quality monitoring. A practical guide to
the design and implementation of
freshwater quality studies and monitoring
programmes. Published on behalf of
UNESCO, WHO and UNEP by E&FN
Spon, 366 pp.

Beone, G. M., Cattani, I., Fontanella, M. C.
and Ravera, O., 2011. Relationship
between element concentrations and body
size in the Lake Maggiore population of
Unio pictorum mancus (Mollusca,
Bivalvia). Journal of limnology, 70:283-
292.

Bosch, D., Dance P., Moolenbeek R. and
Oliver G., 1995. Sea shells of Eastern
Arabia. Motivate Publishing, Dubai.296
pp.

Bowen H.J.M., 1979.  Environmental
chemistry of the elements. Academic
Press, London, 333 pp.

Chang, F., Li, G.C., Haws, M. and Niu,
T.H., 2007. Element concentrations in
shell of Pinctada margaritifera from
French Polynesia and evaluation for using
as a food supplement. Food Chemistry,
104:1171-1176.

Cohen, A.N., 2008. Sources, mechanisms and
impacts of changes in nutrient inputs to
San Francisco Bay.San Francisco Estuary
Institute, Oakland, CA. 23 pp.

De Mora S., Fowler, SW., Wyse, E. and
Azemard, S., 2004. Distribution of heavy
metals in marine bivalves, fish and coastal
sediments in the Gulf and Gulf of Oman.
Marine Pollution Bulletin, 49: 410-424.

Deheyn, D.D., Gendreau, P., Baldwin, R.J.
and Latz, M. 1., 2005. Evidence for
enhanced bioavailability of trace elements
in the marine ecosystem of Deception
Island, a volcano in Antarctica. Marine
Environmental Research, 60: 1-33.

Devesa-Rey, R., Diaz-Fierros, F. and Barral,
M.T., 2011. Assessment of enrichment

ashhio jo Sglay 5l Ll Wl a4 (b diged Bus o

b o adhie Jaore baylid o os8 (gl diges
g Blizo slo g5 s gea Sl yo gl ol

Ggas 5lUT 5 g5le solel sla s, 5o Dl puim
V58 Jslom)asl cilizee oliiss ;o la

&bw
—yp YA (o cgolas g0 a s op Ll
oo Jlgw 30 Ghl oS8 g o (sl aiS g0 Jlyl0

1050 Sl alme ey mels 5o &ly ik
VY B SY lrio Yoylads o) 6,0

Ahdy, H.H. and Khaled, A., 2009. Heavy
metals contamination in sediments of the
western part of Egyptian Mediterranean
Sea. Australian Journal of Basic and
Applied Sciences, 3(4): 3330-3336.

Al-Yamani, F.Y., Skryabin, V., Boltachova,
N., Revkov, N. and Makarov, M., 2012.
lllustrated Atlas on the Zoobenthos of
Kuwait.

ANZECC/ARCMANZ, 2000. Australian and
New Zealand guidelines for fresh and
marine water quality: Volume 2 - Aquatic
Ecosystems - Rationale and Background
Information. Australian and New Zealand
Environment and Conservation Council,
Agriculture and Resource Management
Council of Australia and New Zealand
http://www.mincos.gov.au/publications/au
stralian_and_new_zealand_guidelines_for
_fresh_and_marine_water_quality/volume

2.

ASTM (American Society for Testing and
Materials), 1998. Standard test method
for particle-size analysis of soils. D 422 —
63, 8 P.

Baeta, M., Ramo6n, M. and Galimany, E.,
2014. Decline of a Callista chione
(Bivalvia: Veneridae) bed in the Maresme
coast (northwestern Mediterranean Sea).
Ocean & Coastal Management, 93: 15-
25.

Bagheri, Z., Bakhtiari, A. R. and
Savabieasfahani, M., 2014. Strong

AY


http://www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_water_quality/volume_2
http://www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_water_quality/volume_2
http://www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_water_quality/volume_2
http://www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_water_quality/volume_2

WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol 2 gale dlae

factors and grain size influence on the
metal distribution in riverbed sediments
(Anlldns River, NW Spain).
Environmental Monitoring and
Assessment, 79:371-388.

El-Kashouty, M. and EIl Sabbagh, A., 2011.
Distribution and immobilization of heavy
metals in Pliocene aquifer sediments in
Wadi ElI Natrun depression, Western
Desert. Arabian Journal of Geoscience, 4:

1019-1039.
ETWB, 2002. Management of
dredged/excavated sediment.

Environment, Transport and Works
Bureau, Technical Circular (Works) No.
34. Hong Kong, 17pp.

Gillikin, D. P., Dehairs, F., Baeyens W.,
Navez J., Lorrain, A. and André, L.,
2005. Inter-and intra-annual variations of
Pb/Ca ratios in clam shells (Mercenaria
mercenaria): A record of anthropogenic
lead pollution? Marine Pollution Bulletin,
50:1530-1540.

Hamed, M.A. and Emara, A. M. , 2006.
Marine molluscs as biomonitors for heavy
metal levels in the Gulf of Suez, Red Sea.
Journal of Marine Systems, 60: 220-234.

Harvie, D.R., Andreini, C., Cavallaro, G. ,
Meng W., Connolly, B.A., Yoshida,
K.l., Fujita, Y., Harwood, C.R. ,
Radford, D.S., Tottey, S. , Cavet, J.S.
and Robinson, N.J., 2006. Predicting
metals sensed by ArsR-SmtB repressors:
allosteric interference by a non-effector
metal. Molecular Microbiology, 59: 1341-
1356.

Holme, N. A. and Mclintyre, A. D., 1984.
Methods for the study of marine benthos.
Second Edition, Blackwell Scientific
Publication, Oxford, 387 P.

Juracic, M., Bauman, V. and Pavdic, V.,
1980. Physio-chemical characterization of
recent sediments of the North Adriatic in
relation to pollution problems. Ves
journees d'etudes sur les pollutions
marines en Mediterranee, Cagliari, pp
977-982.

AY

Juracic, M., Bauman, V. and Pavdic, V.,
1982. Are sediments the ultimately
depository of hydrocarbon pollution. Ves
journees d'etudes sur les pollutions
marines en Mediterranee, Cagliari, pp
83-87.

Kennedy, P.C., 1986. The use of molluscs for
monitoring trace elements in the marine
environment in New Zealand. 1. The
contribution of ingested sediment to the
trace element concentrations in New
Zealand mollusks. New Zealand Journal
of Marine and Freshwater Research,
20:627-640.

Krauskopf K.B. and Bird D.K., 1995.
Introduction to geochemistry. 3" Edition,
McGraw-Hill, 647 pp.

Leal Acosta M.L., Shumilin E. and Mirlean
N., 2013. Sediment geochemistry of
marine shallow-water hydrothermal vents
in Mapachitos, bahia Concepcion, Baja
California peninsula, Mexico. Revista
Mexicana de Ciencias Geoldgicas, 30(1):
233-245.

Liu J., Dutta S.J., Stemmler A.J. and Mitra
B., 2006. Metalbinding affinity of the
transmembrane site in ZntA: implications
for metal selectivity. Biochemistry, 45:
763-772.

Luoma, S.N. 1989. Can we determine the
biological availability of sediment-bound
trace elements? Hydrobiologia, 176: 379-
396.

Madkour, H. A., 2005. Distribution and
relationships of heavy metals in the giant
clam (Tridacna maxima) and associated
sediments from different sites in the
Egyptian Red Sea Coast. Egyptian
Journal of Aquatic Research, 312: 45-59.

Maanan, M., 2008. Heavy metal
concentrations in marine molluscs from
the Moroccan coastal region.
Environmental Pollution, 2008:153:176-
83.

Méndez, L., Palacios, E., Acosta B.,
Monsalvo-Spencer P. and Alvarez—
Castafieda T., 2006. Heavy metals in
clam Megapitaria squalida collected from



ol gl d (5] 4S g0 43S S 3 ouldied SulilE i)y

Ol ylsan 9 S5 9

wild and phosphorite mine—impacted sites
in Baja California, Mexico.
Considerations for human health effects:
Biological Trace Element Research, 110:
275-307.

Metaxatos, A. and Ignatiades, L., 2011.
Clearance rate in the venerid bivalve
Callista chione (L) in response to endemic
algal species and bacteria: effects of cell
biovolume and body size. Marine and
Freshwater Behaviour and Physiology, 44
(5): 305-320.

Metian, M., Bustamante, P., Hédouin, L.
and Warnau, M., 2008. Accumulation of
nine metals and one metalloid in the
tropical scallop Comptopallium radula
from coral reefs in New Caledonia.
Environmental Pollution, 152: 543-552.

Moloukhia, H. and Sleem, S., 2011.
Bioaccumulation, fate and toxicity of two
heavy metals common in industrial wastes
in two aquatic molluscs. Journal of
American Science, 7(8): 459-464.

Montalvo, C., Aguilar, C. A. Amador, L. E.,
Ceron, J. G., Cerén, R.M., Anguebes,
F. and Cordova, A.V., 2014. Metal
Contents in Sediments (Cd, Cu, Mg, Fe,
Mn) as Indicators of Pollution of Palizada
River, Mexico. Environment and
Pollution, 3(4): 89-98.

Moosavi, K., Vatankhah, S., Salimi, J. and
Moradi, M., 2010. A proton induced X-
ray emission (PIXE) analysis of
concentration of trace elements in
varicose veins. lIranian Journal of
Radiation Research, 8(2): 117 — 121.

Nicholas, J., Pearce, G. and Mann, V. L.,
2006. Trace metal variations in the shells
of Ensis siliqua record pollution and
environmental conditions in the sea to the
west of mainland Britain. Marine
Pollution Bulletin, 52: 739-755.

Niemand, C., 2009. The application of
elemental fingerprinting techniques to
identify population connectivity using
Austrovenus stutchburyi recruits. The
University of Waikato. MSc Thesis. 106
Pp.

Palpandi, C. and Kesavan, K., 2012. Heavy
metal  monitoring  using Nerita

crepidularia -mangrove mollusc from the
Vellar estuary, Southeast coast of India.
Asian Pacific Journal of Tropical
Biomedicine 2:5358-S367.

Parizanganeh, A., 2008. Grain size effect on
trace metals in contaminated sediments
along the Iranian coast of the Caspian Sea.
Proceedings of Taal 2007, 12" World
Lake Conference, 329-336.

Peake, B.M., Marsden, 1.D. and Bryan,
A.M., 2006. Spatial and temporal
variations in trace metal concentrations in
the cockle, Austrovenus stutchburyi from
Otago, New Zealand. Environmental
Monitoring and Assessments, 115(1-3):
119-44.

Phillips, D.J.H. and Rainbow, P.S., 1993.
Bio-monitoring  of  trace  aquatic
contaminants. Elsevier, New York. 371p.

Pourang, N., Nikouyan, A., Dennis, H., 2005.
Trace  element  concentrations in
fish, surficial sediments and water from
Northern part of the Persian
Gulf. Environ. Monit. Assess. 109, 293-
316.

Pourang, N., Richardson, C.A. and
Mortazavi, M.S., 2010. Heavy metal
concentrations in the soft tissues of swan
mussel (Anodonta cygnea) and surficial
sediments from Anzali wetland, Iran.
Environmental monitoring and
assessment , 163(1-4): 195-213.

Pourang, N., Richardson, C.A. Chenery, S.
and Nasrollahzedeh, H., 2014.
Assessment of trace elements in the shell
layers and soft tissues of the pearl oyster
Pinctada radiata using multivariate
analyses: a potential proxy for temporal
and spatial variations of trace elements.
Environmental monitoring and
assessment, 186:2465-2485.

Presley, B. J., Trefry, J. H. and Shokes, R.
F., 1980. Heavy metal inputs to
Mississippi Delta sediments. Water Air
and Soil Pollution, 13: 481 494.

Protasowicki, M., Dural, M. and Jaremek,
J., 2008. Trace metals in the shells of blue
mussels (Mytilus edulis) from the Poland
coast of Baltic sea. Environmental
monitoring and assessment, 141:329-337.

AY



WAY Gl /¥ s lad/ aslen 5 caans Jloo

Ol 2 gale dlae

Ramadan, S.E. and Shata, A., 1993.
Biogeochemical studies on the mollusk
bivalve Anadara diluvii (Lamarck, 1805)
(Pteriomorpha  Arcidae). Bulletin  of
National Institute Oceanography and
Fisheries, 19: 145-157.

ROPME, 2010. ROPME oceanographic cruise
- winter 2006. Contaminants in the marine
sediments. Regional Organization for the
Protection of the Marine Environment.
Technical Report Series. No.2. 141 pp.

ROPME, 2013. ROPME mussel watch
programme 2011. Technical Report: No.
1. Trace metal screening. Regional
Organization for the Protection of the
Marine Environment. 41 pp.

Saeedi, H. and Ardalan, A., 2010. Incidence
and biology of Arcotheres tivelae
(Gordon, 1936) (Crustacea: Decapoda) in
Amiantis umbonella (Lamarck, 1818)
(Bivalvia: Veneridae) on Northern coast
of the Persian Gulf. Iran. Journal of the
Marine Biological Association of the
United Kingdom, 90 (4): 655-661.

Saeedi, H., 2012. Availability of Venerid
Clam, Amiantis umbonella as potential
metal bioindicator in Bandar Abbas coast,
the Persian Gulf. The Egyptian Journal of
Aguatic Research, 38:93-103.

Salimi, J., Moosavi, K., Vatankhah, S. and
Yaghoobi, A., 2004. Investigation of
heavy trace elements in neoplastic and
non-neoplastic human thyroid tissue: A
study by proton - induced X-ray
emissions. Iranian Journal of
Radiation.Research, 1(4): 211 — 216.

Smith, R. A. and Wright, E. R., 1962.
Elemental composition of oyster shell.
Texas Journal of Science, 14(2): 222-224.

Stankovi¢, S., Tanaskovski, B., Zlati¢, B.
and Arsenovi¢, M., 2014. Analysis of

A

trace elements in surface sediments,
mussels, seagrass and seawater along the
southeastern ~ Adriatic coast - a
chemometric approach. Pure and Applied
Chemistry, 86(7): 1111-1127.

Szefer, P., Frelek, K., Szefer, K., Lee, C.B.,
Warzocha, J., Zdrojewska, 1. and
Ciesielski, T., 2002. Distribution and
relationship of trace metals in soft tissues,
byssus and shells of Mytilus edulis
trossulus from the southern Baltic.
Environmental Pollution, 120, 423-44.

Tarique, Q., 2008. An evaluation of clam
Amiantis umbonella (bivalve) as a bio-
indicator of heavy metal pollution in
Kuwait marine coastal waters. ProQuest.

Vatankhah, S., Moosavi, K., Salimi, J.,
Geranpayeh, L. and Peyrovani, H.,
2003. A pixe analysis for measuring the
trace elements concentration in breast
tissue of Iranian women. Iranian Journal
of Radiation Research, 1(1): 23 — 27.

Warnau, M., Ledent, G. and Temara, A.,
1995. Allometry of heavy metal
bioconcentration in  the  echinoid
Paracentrotus  lividus.  Archives of
Environmental Contamination and
Toxicology, 29: 393-9.

Wedepohl,K.H., 1995. The composition of the
continental  crust.  Geochimica et
Cosmochimica Acta, 59: 1217-12309.

Zacherl, D. C., 2005. Spatial and temporal
variation in statolith and protoconch trace
elements as natural tags to track larval
dispersal. Marine Ecology Progress
Series, 290: 145-163.

Zhou, Q., Zhang, J., Fu, J., Shi, J. and
Jiang, G., 2008. Biomonitoring: an
appealing tool for assessment of metal
pollution in the aquatic ecosystem.
Analytica Chimica Acta.,606:135-50.



Iranian Scientific Fisheries Journal Vol. 24, No. 4, Winter 2016

Evaluating the potential of a bivalve species from the intertidal zone of the Persian Gulf for
biomonitoring of trace elements using a nondestructive analytical method

Pourang N.'*; Ghanbari Baghestani F.%; Lamei Rashti M.*; Mrotazavi M.S.};
Kamali E.%; Varasteh T.*

“n_pourang@yahoo.com

1- Iranian Fisheries Research Institute (IFRI), Agricultural Research, Education and Extension Organization
(AREEOQ), Tehran, Iran

2- Hormozgan Agricultural and Natural Resources Research Education Center, Agricultural Research,
Education and Extension Organization (AREEOQ), Iran

3-Van de Graaf Laboratory, Nuclear Science Research School, NSTRI, Iran Atomic Energy Organization,
Tehran, Iran

4- Faculty of Biological Sciences, Shahid Beheshti University, Tehran, Iran

Received: May 2015 Accepted: December 2015

Keywords: Bivalve, Elements, Persian Gulf, Biomonitoring, PIXE

Absract

This study was carried out in order to evaluate the potential of the soft and hard tissues of a bivalve species
(Callista umbonella) for biomonitoring of different elements in coastal areas of northern part of the Persian
Gulf as well as to assess the possible use of PIXE (Proton Induced X-ray Emission) method in this regard.
The bivalve specimens and surficial sediment samples were collected from three sampling sites located on
the intertidal zone of Hormozgan Province in August 2014. Concentrations of the elements were determined
using the non-destructive method, PIXE. Assessment of total organic matter (TOM) and grain size were also
carried out in the sediment samples. Based on the results, of the 17 elements measured in the soft tissues,
(Al, Br, Ca, Cl, Cr, Fe, K, Mg, Mn, Na, O, P, S, Si, Sr, Ti and Zn) in the case of P, Fe, Br and O significant
differences were observed between the sampling sites. Of the 14 elements measured in the shells (Al, Br, Ca,
Cl, Cu, Fe, Mg, Mn, Na, K, O, S, Si and Sr) only in the case of Si significant differences between the sites
could be detected and of the 14 elements measured in the surface sediments (Al, Ca, Cl, Cr, Fe, Mg, Mn, Na,
Ni, K, O, S, Si and Ti) in the case of Na, Mg, S, Cl, K, Ca, Ti and Fe significant differences were found
between the sites. In each of the above cases, order of the elements accumulation was assessed and possible
causes of the differences evaluated. In order to classify the elements based on their levels in the sediments,
soft tissues and shells the multivariate analyses (principal component analysis and cluster analysis) were
used. According to the gained results, C. umbonella can be considered as a potential candidate species for
biomonitoring of a number of elements in the coastal area of the Persian Gulf.
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