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A 5logy cnl o olils chile wiS o oo Glo)S dndiz s e ime Sl AilS0g; Gl S &
I Sl s ol 3 10Vl gy 890 SIS plas S szb 56 el iy onri
s las ey gezS il (g Bl ge H9b ailBog, )0 aslllas 550 olie plad (Sl 8

(Karbassi et al, 2007) <ol oo 03g)T oo ogas 4 598 polic b Gaba ailsog, oyl

Gy g SB 4 uSiuw polie Lico -1¥-¥
STy 5 il ardl ol 5 (e Lite 53 (Sl Milgige gy 5 S 50 (S I3l
4 5 g Ll oaas LSas 50k Siw g5 0 Boes Sligay 5 LSS 10 Sgge S Ol3l
7 e ozl (b slaanl S0 5 Galep B 5l 5 S slaasl)d
oS g5, 5 Bk 5l Jols gl anylie (Mitchell, 1974) ol atals b ys o Lwgilidl
oS a5 sl lis ole gl 5l ol S 5 28T bl bSal | Lol
2 obedl glaeulid was 56 aites i S Sl ol JolSe slaed 5l Jol>
Slasl (Sogl .l atils i ob, VAV: aas 3l Cuw) lase j0 oK Sl S S
Fy NS peie (60 SMSB 5 6 590 hilug daails IS a5 staio gbls ,o boes S
6l mlis ;505 5 6 Same slacld o lils gl slaails IS da iS5l dassS aas
Ooge ez 105wz bawgs oS Slided )0 Wed oo wgmine S 4y S Ol o)

F o Cd cdale ioli8l el Sase alawsd slaogs 3l o SYeb colatul 45wl jasine &85
of



Oy Oldllas (65950 g Juad

oo sl s LB e 4 As g Pb, Cr clik Sl o wed e S o
(Goodroad, 1979., Piotrowska and Wiacek, 1978) sl
SLSB 5y p i S s Sl S,e5 6, p (Sl glculs S e Gl
3o ddhie giglgid il a5 ad asie 5855 pl ewd j0 GBS Oy CuS o Xizang
el 5 aslyr LS asl gl 1yl i Sl glacddles 5l K olils 55 a3
Iy dxwgs ol ddlate cpl )0 Saio slacudled aSul pgs g 035 S5 obj Ll 55, 5 (Sojlse
(Zhang et al. 2002) ol 05,55
B oy Oy90 Gz SO b 0 L g o Elizabeth wlsog, Glgaw, (oS wljls clale
3 e olils cdale a5 0l astie e ailBog, Slsw, jo calize SIS i L s S
a8 2dlge Gros Glacand o Dl cpl clAle Sl mi plp paisr s, (e slaiwnd
Sogll ol jo bl 2 ialidl g dilBog, rhaw Sbgw, jo o Sogl zuldl soims lis
(Conrad et al. 2007) ¢l las
Jed 5l ilal ey cilize slagstg, 5l Sligesy o DIl Liie s sl calitzee Slidios o
5T 5 (oolidingm, Slogas ail) Ko sloyill 5 ol Chl G (Sivor (s
8,5 olil o5 Kachsiung Harbor  slds (59, a5 glaslas jo 04 oo oolawl (glabgs>
-l b a5 dilaie jo &dly e £l ladiged ol (5 ,Sojlail Lol Slhga, yo Sl clale
s Hg  Cu, Cr, Cd, Pb clale yed 51 o 3ufod (ol 50 00l Clilop Y0 B Y-Y o
O St (T 03le o0 O Glgizme gy ganails Jod ) pwlidboge, Sluogas
Glp pShS p eSS e OA I Sl clale as ol lis pls al asie bb,gSE
s Cble oS wh atie eigres el ite 9, Sln p S 9hS R pS e 0B pgeesls
Lol o Saed awlas 5l cal i Ko sl 5l Sy sleaslbog, alas o
@9 oaiS JyuS oSl oy e (Jloole Jlaie 45 ab polae cilisee cwlibogu ) Sluogas

IAYA



Oy Dlalllas 2 (55950 pge ot

Sxwo Mol adss 5l LGb Lo Slgw, j0 092se OISl by el Slgw, yo I3l
(Chen et al. 2007) wiloass )] 5y W jglxe bl 5 a5 swn

S ya Jolge 50 OUlidia (65 gy (Sl 555 2 Sl 93 5 (6 S slacodlad 50
oo 5 pomimesll 09, 0b ools pandis plete (slalice b 36 atud 53 3925 5 W3S (o)
e 5l e g (S9; copm ogr Sale Al 0 Wl (rb 5 (gl gte ddlate )3 S92 g
rf sleased Jlie jo @8ly slaolliwl )3 egas 4 alie ol Sl jii adlate o (anb
Sy Srele Yo B Ye Gae U (> OllE ol el jagad o8V Jols 4 OMLSL (558
U YAFe Sloj oogaome ;o (55,liaS slacudlad o 4 e (pl a5 o0 o0 jlid Sab o8
3o lis o Fad b LeSB elul 1 s (Fosll Gud cusyy ilboe 555V GBLLI s 1AV
(Zourarah et al. 2007) s ls 1,3 lawgio SogT b ooyl g 00gamme ;0 5953 65V a5

L85 18wy Syge (edaw 0 S OllE FaiST, )bl ey sla by, 5l eolaiul b
5 oot B3 | Cp ole K slge I US55 LS ol Laie o5 el pylae b
3o oeizes (Atteia and Dubois, 1994) coul sy S 4t sloasly cudled l paesls
SIS 5 IS p3)S yolie i S ol i (5, Bl (ol () s, cnl 5l eslizel (o
Obtal rizred it ansls plaSy Lide il oo Ll a2 )3 5 )00 092y (Sinen S5 0
ldime; slosiile bwg polie Gl G @jg &5 Wop g (owlid () 4id (o) p b
(Facchineli et al. 2001) sgi oo S dilaio

Aol sl s Cd 4 Cu, Zn, Ni, Pb Lo 5l onSiw il Lane aslllae o b o
oyt iz glagy, 5l ebize San (pl 4 S glp 285 18wy 0,50 (uz Shanghai
5 CU, Ni, Pb s ols ylis zols .050,5 solitu]  Stwaod colpo g sladgs 3 JBT b 5l s bl

Ygab 5 xio GOl 4l (plerd Gl iS5l 5 ogs) Sjnsysl Lice Cd

N



Oy Oldllas (65950 g Juad

Lice ames 5o g Sl by, Jae jo (5 0k dlge (Sojlen 51 Cr g ZN aSCIl> o .05,ls (Slsa
(Jinling et al, 2008) w,ls s

S8 3 aallle 550 ilie 0z 8 cae o slaclled Sl 8l Sogll ik K, b o
5 ladgs 5IUT o3 5l )bl la by, 5l (o 9590 D15k Lase Ot yekaie o BuBod (pl (o
o 9 89y &5 ol lis gladgs )'T:Jlﬂ 3 ol mls ol eolaiul jolie o Siven o0
OYAD 50y 50) W18 sgolioe Lo 35 oy 9 JSG5 9 1 5 i Livi SO

3oy Lilel )8 gz Jolgw s Slgw) o 06 SllE gy 4 a5 (6,500 adllas o
Ble lolid 6l (Saan uile g 0piio wiz 5T Jed 5l g bl slabg, 5l e o
A g0 4o il 0929 P>+ /FO) PD 5 CU, ZN (s  Siad (3 s 1030 )5 oolaiwl ol3ls -yl
aslo Hlias 3aass cpl ol g Jlade cpl 3l S (S+/F0) yolic 5590 9 Cr s Ko o0
ool Dolite 358 Sls L pg S Live aSllle [ cal LSy 9 e «53, s Lo S

(Ruiz, 2001)

Ggwy 30 polie Sy g yige Jolge —1F-Y

ool Sl (B (S gy e 50 o (0,5 gy e ot (0 et o Jg il
Y S bl aiS o Ll oo (S (oS0 ladae 5o (g5l SIS sleansl 5 ples jo g ol
% 5 0055 gy s yed Al a4 g wdls baugie g Jeiliy Hone uKaw I3l Y
b 3 OV () g 50) 35800 slymman Sl laslne JmaSs 000 sloog)S L kil
PH-Eh 51 b olae a0 1) ol jolie @ld Ll o a5 o ls 0425 (soanie slasl SLo aolio
s Y U0 o SBpH b Lyls s .(Davis, 1980, Lindsay, 1979) wlais 55 ks o e
g Col Ogliie yaie 2 Je OloS 5 Oleogas owl $ee MV g =Y. MV ., S Eh

“ysb 057y ol b (V=Y Jgaz) sl yss B o slosenSTg e (39,5 ey sl PH atsls

oy



Oy Oldllas (65950 g Juad

b g AY JS8) @yl 1) S o8 oo oml BN 5 PH 50 lagyg Bgane 4 S ol o S

(Kabata-Pendias,

Miee 2 b slapssls 251 Pl 5 il S coblE pH o 2al38)

sl 5l jeS i s ollE Gl lasls o nfiw ol clale s ol 4 2000)

O i olild S s (Kabata- Pendias and Wiacek, 1985) <ol ol slS> slo

(Eh<ye e mV) wls ool fyemwlonST sty o LlbS o Zn 4 Cd, Cu, Cr ;
PR A NS) d & ) 9 S e

S o cnl oud sanlice 33 ENZNV e MV o pgeolS Plosl 0929 cpl bl o i0l58]

o D305 S 25 13 (65 e Ltk PH g T oy Jolowe cdl 4y (oS I3l ool 5 Ll

(Kabata-pendias, 2000) s,ls Eh «

2.0
bl s Lgi gils
Oy >
1.5 ~Rb
K 'Bﬂ _paalic
. S Ll el g s
2_; g ;:‘1 TJJL;U;I:I:\:. 1
H * 7 *('a ! T
E Na .-hg“ + 5 :IZI
. bt . Fe Ti Nb.Ta
. B .Cc N L5
0 1 2 3 4 5 6 7
e ol

OYVY (B8 5 50) Sp Sl Slis 2 pie polie (&2 (@loord ) Stz V-V IS

SroS g0 0,5 s slp L8 0,00 PH akls g job jolie olewdss) Oleogas :V-Y Joux>

(Kabata-Pendias, 2000) L1

yole lp 5k 9,50 PH S b | sl xSl ey w0 sl
et Sl oS Cgn, GY) (Keal/g (eIA) 5 | ol loJsloes o
ols atom) (A%)
Pb? YIY-AIY A VA VA A
Fe?* AN A=Y VIA Y/$ %
Fe®* Y=Y N VA £/ a/-
Ni2* SIN-AIY “IA VY 12 IR
Cr¥* f15-0/5 v Vi £y a/-
V5 - 10 - YA/ -
Al YIA-FIA <[5 10 V10 olF q/
Cré* - ¥ - Vel -

OA



Oy Oldllas (65950 g Juad
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variable
Pb 1
Ni 570() 1
Mn -0.408 -532(*) 1
Fe 792(**) B46(**) -.690(**) 1
As -0.072 -519(*) 0.466 -544(%) 1
v 813(**) 769(**) -567(%) .886(**) -0.279 1
Ca -579(%) -0.385 679(**) - 674(**) 534(*) -0.453 1
3 512(%) 521(%) -0.356 565(*) -0.272 0.406 -0.414 1
cr 0.423 .768(**) -0.097 .601(%) -0.246 597(*) 0.052 0.272 1
Mg 704(*%) 914(**) -.689(*%) 1931(**) -538(*) 869(**) -558(%) 558(%) 1682(*%) 1
Al 778(*%) 802(**) - 718(*%) .978(**) -553(*) 890(**) -.696(**) 1602(%) 528(%) 921(*%) 1
K T14(*%) 764(*%) -735(**) 957(**) -632(**) 838(**) - 738(*%) 499(%) 0.489 1903(**) L965(**) 1
Hg 0.436 0.193 -0.139 0.258 0.156 .564(*) -0.162 0.119 0.207 0.343 0.334 0.268 1
s 755(%%) 0.483 -513(%) 760(*%) -0.399 1690(**) -.667(**) 0.28 0.313 644(**) 760(**) T51(*%) 0.341 1
Sand -586(*) -.915(**) 706(**) -.907(**) 1698(**) -763(**) 612(%) -631(**) -558(%) -.936(**) -.904(**) -.897(**) 0.18 -568(%) 1
silt 0.415 618(%) -0.459 617(%) -.608(%) 505(%) -0.424 0.464 0.346 587(%) B77(*%) 616(%) 0.097 0.339 - 712(%%) 1
Clay 0.495 815(**) -.650(**) 783(*%) - 547(%) 703(*%) -0.435 T18(*%) 0.444 818(**) 802(*%) 769(**) 0175 523(%) -.888(**) 538(%) 1
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Abstract

Environmental pollution is of major problems in the modern and developing societies.
Entrainment of heavy metals into the food chain is an environmental issue whose
hazards have attracted many attentions from researchers. Strait of Hormoz is a major
waterway for oil cargo where pollution by wide variety of contaminants including
heavy metals is expected. The present research dealt with the evaluation of pollution in
superficial sediments by heavy metals in Jask and Sirik, two ports located in the east
coast of Strait of Hormoz. Sediment samples were taken from 16 stations where the
water depth was 5 and 10 m along the coastline of Jask and Sirik. Sedimentological
characteristics of the samples including size, pH, and density were determined using
standard methods. ICP-MS was employed to measure the concentration of heavy
metals. The collected data was statistically analyzed and interpreted and the variation of
concentrations was drawn by MS-Excel 2003 for different stations in Jask and Sirik.
Also, to show a better presentation of heavy metals distribution in 5 and 10 m of water
depths, iso-concentration lines were plotted using Surfer 8.0. Having geological and
mineralogical information and the land use in the study area, geo-statistical methods
were employed in order to identify the sources of heavy metals in the sediments. The
average values for the concentration of Cr, Fe, Mn, V, Ni, Pb, Hg, and As were 70.25,
2.45, 665.63, 34.25, 97.33, 10.44, 0.03, and 5.29 (all in ppm) in Sirik and 67.5, 2.88,
637.87, 39.12, 97.4, 13.03, 0.03, and 4.52 (all in ppm) in Jask respectively. A
comparison between the concentration of elements in the two ports showed that the
average concentration of As, Mn, and Cr in Sirik were higher while the concentration
of Hg, Pb, Ni, V, and Fe in Jask were more than in Sirik sediments. Contamination
factor showed a low contamination level for all elements (except for Ni) in both regions
in superficial sediments in Jask and Sirik. Nickel contamination factor (1.42) indicated a
medium contamination in both ports which implies more probable oil pollution in these
areas. Contamination degrees in the stations were determined which indicate a low
contamination in the stations. The sources of heavy metals were studied and the results
showed that different anthropogenic and geogenic sources were responsible for the
presence of heavy metal in the superficial sediments.

Keywords: Pollution, heavy metals, sediments, Sirik Port, Jask Port.
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