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Abstract

Heavy metals are one of the most common environmental pollutants that can enter coastal areas from natural
and human sources and affect marine organisms and the human population. Heavy metals are a serious threat to
human health, living organisms and natural ecosystems due to their toxicity, persistence and bioaccumulation
characteristics. Many heavy metal ions are toxic or carcinogenic to humans. Heavy metals can lead to the
destruction of marine ecosystems by reducing the diversity and number of species and through accumulation in
living organisms and food chains. Heavy metals enter coastal and marine environments through various sources,
including industries, and domestic sewage. Heavy metals from ship traffic effluents are among polluting sources.
This study investigated the effect of this pollution on macrobenthic communities. The findings show that heavy
metals have an effect on premature spawning, increase in mortality and decrease in the body's defense system in
fish, decrease in growth and survival and irregular cell division in sea urchins, increase in mortality, delay in
growth and prevention shell development and irregular cell division in crustaceans, and increased mortality,
reducing body defenses, delaying growth, losing breeding capacity and reducing eggshell thickness in seabirds,
and irregular structure and acute toxic condition and delay in growth in benthos. Urban and industrial activities
are the main sources of marine environment pollution. As a result, it can be stated that environmental quality
assessment in this sector can provide useful information for pollution control in coastal areas. Recently, the
implementation of environmental legal frameworks in the European Community has increased the awareness of
the importance of heavy metals in shipping effluents in order to achieve "good environmental status".

Keywords: Pollution, Heavy Metals, Sewage, Shipping, Macrobenthic Communities

*Corresponding author: Ali Akbar Takhtdar, Email: Aliakbar.takhtdar@gmail.com
Address: Department of Marine Biology, Chabahar University of Marine and Maritime Sciences, Chabahar, Iran.



http://dx.doi.org/10.30491/4.3.153
mailto:Aliakbar.takhtdar@gmail.com
http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

NN
4’3 \‘

\

}

}/,/!

/

‘r

’«
\ ‘f"l‘i‘.’.b“" a,w‘fa”:
A1) R WAL B CF 1

10.30491,/4.3.153 @

MARINE MEDICINE|

Seiing o @olgn 2 B JudS 335 Ol I (U (uiw I3l (Sl BT (o)

] & s %) o & o
Gavw () F I esd W8T e
Ol Al Slpls 5250 5 (2o pole oKD 3 plis Gy 09)ST

VAN iBe ogmds VY il cdl >

S
Slgrge g B9 2y Lol Gblio 4 lusl g Lo golie 5 Wl oo 45 it oo (slmotnlT oy 5zl 51 i I3l
ly 53 (515 () o35 S Sy 9 )T Blo o S5 & St ljlé iy 5 b o ) Sldl Cumex g 2k
I iz [l oo by o sl (gl e S3IE glagyga S 5 plir Wit (onnlo (Sl sST 5 0055 Slagge ¢l Cuolls
SpisS] G 55 4 orie (oS slaoyass g odij Clagrge )3 @ead Bk il g LaisS Slgld 5 g9 SRl L Al oo (S
Sly 2byd g bls slalbow 4 (KB ol § bollsl wle des I aliswe ple 35k I (W SKiw @l Wad oLy
&l p (S ol Bl oy 4 GimgRy cnl Mits oaiSergl mlie dlex I e S 335 Clay (86 K il Kb
i GRS g yne 9 Spe Galil (gopdg) iy 05 (Ble i Sl &S o e (LS bl Ll ablyyy St Sl
L5y )3 33U g yee 9 Sye Gl Gl o 3 elatel (Joho il 9 Wy g 0Dy SRl (L5 dueS 0 01 436 G s
Cawd jladdy )3y AU e g8 Rl e 9 Spe Ll 2 (2L B8R 53 g phitel (Joho puedi 5 dlgy drwgi l uSol>
2 86 Ad) 3 36 5 o ew Cundg g phaiel LSl gy 3 5 Ere @FF dlwg Culis Al g B)9n cadil (o
e G CadeS 25)) &8 ol plgies wmit )3 it 9l slalaome (Sagl Lol e Sl iaio 5 b o led
heeci; S5 gl sl Tusl ey wl)) Jolo gblis 3 (Sogl JyuS sl 1y gavie clellb] Wy Gisu ol
ord "Ogh Jae Cunig” 4 lied polaie 4 (S 505 Ol (35h il Cuanl 3y90 53 (ABT Gl el b)) anels >

Sting Slo golsn ¢ sy siiS ambuy pSiw llé ‘uf)?ﬂ :lﬁbj‘g.{a‘-‘s

Aliakbar.takhtdar@gmail.com :Ssg uSl oy 415 CSG pST e 2 Jotune odiny s

Ol ey ol (52,550 5 2l pole oKl dy)> sl S 09,8 1503

by b doxe


http://dx.doi.org/10.30491/4.3.153
mailto:Aliakbar.takhtdar@gmailcom
http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

V00 [ S Slo el 2 o 1S 335 Ol St I3l (Sl )BT (g 2

B Csllasl gl St @l by Sogl Lialssl sl
SN b gl 5 logale (e ol 2 s
Wl ey «ale wle (2by> Ghlsl o I3l
Copw by Glesl Obgrge 9 By lvgcsw
4 Slgw) opl p ooglle .ol il s o glosiad,liia
oo (blo b 4 0 i il )L a3ls lye
gy (3) At i I o (5500l 1 a5
sl g b wsildl dacuas dadiliag, 3 Sixe 5 JI dlge mlie
Slhgwy 3 &S cpl Sbgrge itwn Ol el clapiamw
35S o ] Caliseo Sl 3 4y ceSitas ol (S oo S5
)

3P gt Sl oo ejo Sitng Sl gl
i oty Ul e plie 5 (ko Slgo 45 12 5 45 Litad ol
A o JSi 1y sUL da s polaw sl olde xie 5 5
WLl Pge unj a3l S plgis a4 rimen bajsing Sl
(9 S5 8 e Job b 4 by les! (59 Sle ilons
w5 21 0lge Glise e oyl ply 3 Soliste gl Joos
9 38 o pledl ]y (dawme liss Gl g b S bls)l
JUS ) jasess At 4 203 g0 &)1 1) pely Lo i
(Y) Cool piaguwsST 5

L) 5l S5l sl gy 1S 80 S5) (2b )y Caxino
2 e U b b ale 5 bSds wile by clege
Wby kel an GbcSs) ol aliwbie s b 56 5 Slee
2by? ©bgzge 5l (g)ln slp & Wi s 405 53 5 e
b 5 o e S5 ol 2 oglls (VY) 2l oo pe
@l 09d @29 VAVF Jlo 3 (g s slacydgioe o Sl
o 51 S Jlo Yoo 50 Ll 5l oolizl y ne sanleds g 23
Sloals s ldllae 51 Sy a8 b 50 (W) ol dzily 295
9 2 Py Sl mio (Gilo i8S gladl)lS oS
b S Cil da gl Wb i (1S @8 UL Folaw (ol
el (gl S cals S (VE) Gl glite Célanl plus
ctm3 gl 755 o Sla S 1y g B e
5 a3 lu] S bS] )3 o5 Bdas (elo 2 cuglio )
S b b o g9y ladllas ) g e sued
» ol cble &8 Wb o)l wg dtusy WS il
gy Sl ojlul il cov baas ()l paiges slaKo
P8l Slgey b Ugons 516 5L slackalé o (55 4, 0392
&S aad o iy Oldlae pl pooglle lansly bl
oFe Sy Wl by b (] 3 Olgw) 498
G315 S sbel laesll plo o uiw @il gl
tlosd Uil g Jud ool (g g 1 gyl 3 Ailg5 0
V0) xS s

J Mar Med Autumn 2022, Vol. 4, No. 3

.

LV RPY

Los ol oo sl 50 gy e (S5 Ly S0
Sl g amde s 1) bys O land 5 (o3 ol
sl 3 alisee dlge L(VoF) 35l ol Shigrge p  Jglie
@se ) S opSie Sl Ll Wisde 3l by bl
ot Ul 51 dwd oyl 05148 )5 1,5 aslllae 3y90 yidias 45 At
sl il 900 43 b T el g it ol oy a3 5
L Aer b > ailjey g 4y &S Slgame b ( gxio
daeyl wile @lygld Cuio 4 bgwe &5 Ll o)
(¥) (lo S il 5 (55,588 slaosles

ooy 2l bl 3 b b 4 56 ol
(prike U pSosSee Jl) hangySoe Cppo g ditus
L (F) 3505 Cnnl sl LELS g (el siio se Slgisas
Laoms oS 2lS b S l3ls U (slacdale o oyl
lerdifon ladd > JU g o5s] Glals G5
Wlo by B uder (B) 29 o (owliudppmo I3l alou] caely
9 $hhe dlge Lo il D s s 4 ol Sl
sy 380 ot dyys O o lowdsSy b sla Sy > Ol puss
» hie dge b S alils S e 5 aeasll
Ao e byl g a0 culd) Jobo JUil glapunslSe
Olee F) wm3e il 1) (abyd S by (gdse
los usd 5l Jlolse 4 Ly SBAS g 5 St ljls sl
O3 e g (e JBL 53 Slyss s )3 PH
B) 2y (S ljld

Sl )l odlasl BB lapadls o sl pis golg>
Saitzg Sle gz ge g2 () wied (2l SlagtasngS] (s
Iy Slgw) e Ja)l).w 9) L};.I BURPRVC n_f).'mu.s L
Slods cpuisad b oaoll 1 gyboms o] 5> 45 08 o wSixie
el cunlus I 4 Sy Sl welex 3 wons
JIAVEY Leg] P e e il walise dLb:oJ.;{UT 4 s
b dblio ey by losl clbaisS (JolS5 Gyb 5| s e
Bl (6 (g by g 0l Gnghn Jare Ol
WWoS oS P )0 i & e dags BB JWid] gy oyl 51 blens
é‘"? 2 u‘).u.u qul » 09U$ W) M‘P 0393’ Cawy 9 (_5"‘5‘)'9
sSles 3 s oM uSte Canl ySen Seiing,Sl
o STy ol (V) A8l slais JlSlo ko ctupmss]

dibio > Cole 3 (S Sl (639)9 j1 (SHp i

il ) gexs bl zeos o) b g iy, cuae
gy S She a4 lodpnS job 4 cunl Sen i
bl (Siuw 0y g (Soldgm g (SS9 Jelge ol ond


http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

gy (M) Sgyien 98 byd S @ g L oo Juate )
Sl 3g)9 sl (2l e o Plgis 4 o )3 (b
316 ok (55 o3Il S oo Jos (o (slolazme 4y (Ko
Gy bl bl 5 OBk > obp Slgwy » S
Olgie 4 sl 4B S 15 o3lisl 350 ixio (Sagl 5 ame
1Y) oy el cuds G Slowy 0 (S3gll oo ¢ Jlie
al3ls adlles oyl i b)) Al-Lihaibi 5 Basaham lewss
ol (ot bl bl )3 Slhgw) 3 1) oSie (pSw
@ S5 adhie gy saige )5 6y ojlul )b
Ol gy S gl & 45 05 (5 glgen 5B g oS o Sl
56T 1318 ol L5 o) g g 4y Jlat 51y )3 o5l
5292 Uk CogS’ Jolow )3 addigyglaer 5 sladisal )3 o
P oS ol clale e oS ob ol dsllas o) dses
O Ol 2 I (N Cguy oS 5 4 g ol e Sligu,
Slgwy > Slild cdale 1) 13U e Sl o cglld
13) 3l

5 9550 Al gusy B8lio 52,k 51 Slogus )3 (e Kts 318
Jb ol b g oo Jiiie by losl g o5l (Sejglom cls> 4
(SIdem gl Cunll p (S CllE Gl o)l el
Olils yamolise losly ales 51 )l 2eg (edaate Sloly]
5 H p Cuon iliseo Lulyd )3 Joloee JSU5 & dala (1S
ol (S I G 465 pa (Sfolsm Jeod g ol
$SIden @l g gy S Sljls clile IS 51 o)
Wl ol pfyde bl Hlads Hlaw Wl o by sles!
aS 03,8 dlpaiay 1y (ERI) (S5590651 ylas a3 ls S Hacson
el p Slgw) 3 i Sl Sl 5nesS 6l Wl
ly asls ol olaiedils 1 6yl g S9b odlisul Sy3elsS]
(V4) By S & aee Ll (b)) plin

P B S Ol 3l ool S O3 56
Ly Oldgago
LS

Sl (Sogll ) s Gl 4 Sk oS
s oyl 5 Jols Anlgs 14z S )5 odlisl 390 (puSius
ool el oanlsh yob a4 Sludl (slo clled oS s> o Lt
Db o e (2byd g (Jole Gl piungST > S Gl
2 oS il a8 o3l L bl Sy oS b
bl )3 oad (I35 pdlie 5l ol 2 Sl sais
(Y\) L L&vﬂl&)ﬁ) Cuae g L;wyl.d]

b Conog Wlgie (295 & (asSwsSle Sl
osill cdale e Ul Sirad g ki 5L |y 363 L]
Cute (Sued dgg Dgb o odsd lidl bl b o LQ{T 50

EygSd gyl s [ \0F

L iS5l il o Sy j OIS

) e SLSS g5 T e ol s
kol & cuS 5 Voo dgas aills g wS o bals |, Sbjhs
P ) 2o emed (gl dasuie gl &S 244 o aslsl
b Ll gy g ol o Lase 13 pgeus dbul da il
Sy ool Blas oyl 3929 4 Cong G5l 9 i
8 &S 39500 A5 (o Slge HJE VD &l S5 S
oy 5 e dlge dagybl o STy daosnsd (K,
Sk S gl xs 3905 425 ol b <o idle
S dply donii )3 5 Nsdpe Joo b iS bwgs o5 ol
Sy 1y e Gy S mlbxd sbul K] Weds ddls
Al onje Jlg 2 Bglalo s 2iS (b 5,8 Lol
e ol 3139 5535108 ST 8 pgms L 5 il o5
Sdy Cund 9 U 455 51 ey 35 3)l5e 5l (g3l 5> ]
9 3980 2byd sl 3)ly 1) o Clay ()l 5
(VF) 3535 (oo 2k oy ams 31y ST jlad Slge

ojly <!

by 5l ool a4 5L 05 Jolv b cus b oS
dlgo 455 dj (g)low Jolgs «5)gils sladigs Sl als )l
oflg ol e g SBT (ntage St i 5 i
5l 4 25,9 plSin S (5l SO o 4 L i
Ol WSS e il ol adso & pladl objys el blps cde oy
o diljg) 23S o Cygo joyn dXS odgie j el pladl
3939 d9biso 4l55 o) @l 4 gy e ilg o o e
Py or Cgure (ae Cumj Sl n 5 are ik nl Sl e
(B S S B Spge sl gl elul
Sgd a4l by a4 cd 5 Aee b plg Silg O Wl e
Sl Yoo dgas aldss Sly (g oy Ollas
Olg8 sy o (25 s y5le5 O aldss sl e olo > (yjlgs
b ol (ble WY alols 3 5 gias (bolo (g5 > e g
Sl am Juolgd 13 g Canl jlowe cl yaudes )3 Ceond VO clale
Do a5 lae 4y s (ygulio jd Chond Voo ;,Ja.l.cb.\.;bui
Loy 3] syl 2 355 0315 o oo w2l oS 3559
ol s lapiussT 4 55 g pSade ©)lus coly
Acanthaster ) o;L VY (sb)d o)k 3959 «Cawl 0ad by 4
opl b e HBT cpl ales 51 w)lb mds sl 4 (planca
S SaptuwwsST o 50 dayls jo 5l a5 L oL o)liw
(V) 5> ol pos 4y 1

@ S 2bpd e basee 3 oad o] S I3l

\f’\}:{la:&rb)lodcfb)gb lg‘)bh..«bdub.w


http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

WOV [ S Slo el 2 o 2S935 Ol s 3l (Sl )BT (g 2

Mozel BB adli 5 Sl o2 o (2bp3 g Sl dnsl>
e 92 039 4 (2b)d S gST (i) (o)L Gl
o Slas Lais 5 Sl i bjgingSle b b S 5l ol
2 3R gl g Slhgwy )3 dlge (i g2 aSle eiusS]
0391 S o5 o ltons 503 (ggm 51458 o i) plie claasios
il € g oS 3l Jlie olgie @) b oaoll 1 oyl
(1Y) 28 o ogus) aled o (]

Sl gloceul gl J K oSl clib Sl
(sdo gy sble Wl sl slapiuwwsST & cwl
Slllas bwg 5 585 0 il (bewas 5 Llolo oo
oljle Lgh:on).;g.m (V) sl oids 5 eyl 55 (6 ks
Glosl gz ge p Cgllasl  aw il gl a4y jomie Ailgi o S
S80as g ke S5y Shud 4 e &S wWad by
UL (Jlie plgis 4y 3)5 o StingSle pelgn piuunsS]
SlaisS G g JS s o (Sagl GIBIL (Jz) 9]
lo dihaio g (25 0)5) Ggml yi ) ol aidly alS
Tl b @b 4 jetugSle dnele (i) (pSlinl Cgix
S35 e Alols 2alS b ladisS 45 5 03,5yt (539l
Sloaly ylis ldllas yidy ol ol b (VA) Conl bl tals
Sl Gl el ply 0 saag)e bl &

sdiss 5 Cul oud S daxie sladisS I jaiing Sl
olee & .5)b Jase slaylid ply o Jolite Jeoo calisee
4, Heteromastus filiformis 4 Capitella capitata . Je
Wl s 4 it polie Jawe UL ply 55 anb yobo
4 S Sl &y oogl adlate L UL JT L L adlate S5 5
ko) aseS Gl Sp &8 b s S8 o
Perioculodes LLs> 5 51> (Polychaete magelona
g Atwd e e oUls] 4 [ (longimanus
(YY) s5les 0355 039 jlas 3bolio cpis )3 Alg5 o

Sl 5 S Sl 5 Sligus) 5 S l3l ke ol
Sl Ll 0bgn (giloalj] J1 Iils al gy o d
Sy o alils -yl cldale oS caol gxo by oyl 5 2bb o
(YY) Conl danly Slguy 5 Ll cdale

sl plungS] g5 Jol ddaw 5 0Ly lacsile &y 5>
LSl xlas)S 13 Jolo S35 9 e gy o 3ble
WS o zez 355 50 9 03,5 Lo Ol l lagditums |y (18w el 38
4 ol oS lis (Sogll s sl cle gy il )
5 o0 Ll Sl 9o oolinal Ll 31 (slosyin IS5
b s 1) qalio (gnj ;Sial o ol jlinyge (gl
dy50 cawlio (sladisS Cuvypd ;0 S il 1,8 295
S 58 gl M (St Slil s il 5> ool
Sl o b Sl S > S35 05 sanlite (SbCLIE adipa
Conl S g 2ibos Sl Liie b [ Sogll oaimdlis 500
SBLb o) 3l dlex | xbs slasiy] B ) 26 el
S LSl 5l b 5 shize sl adllas 390 dilaie
N3 odlatnl 3y50 (pSiw SllE il lp 98U
(¥Y) aib 0 Enteromorpha 4 Ulva wlas 3

oW ey

il (Sl paseds (ly (gl plsie 4 W e
L bl cldlas ST g 0595 0 odliiwl ol baxe p3 i
ol 4 Bies &8 wlos S ololis 1) i il UL Sogll
(VF) 29 g0 031 o Jilus]

W j8iag 5o 52 (i 138 30
2 &S Cal (Ghexge Jols (Macrobenthos) ;susg,Sle
oanlive JB oo s iz b 5 w5 oo (S5 &l gt ol
YVl 5S5 Glberge (ol (st glag,b Sy o s
0 J8he Wb lel 5 5SasS (6)Sed > fied jio ke
lsline glop)s jl wjle jagSle Bl e e

by ©bezge S wlild @l gl V- Joas

U Il i I8 Sagl]

Bl o ] 595 i) 055 * orle
re g Sye Il
O B g JialS 0

A3 o Cuwd 1y & g 0y O 4w

izl oo o *

sblbas,e oW ey

CSIUl 36 & 1) Eoby it *

Aad o Fy dwgy dawsd (59, il 1

platels b s *

J Mar Med Autumn 2022, Vol. 4, No. 3


http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

Ey5Sd gyl 55 [ VOA

o 9 Sye laljile

wb» B8y

O el ials e

Aby 3 3l

L)AJ)B)J u.d)]o L’)Jlb Qw.}}l'

Omb 0 ol ow Cumdg

Ady 0yl e

whatals sl o o g

da ale ile by il 5 ow il 51.(1) 5 byl
L3 Glesl Shgzge 5 (B2 liwgy Cows gl (5 o
ionl g ooglle sl l38l b > (glosad Hlais e b
lo baze 6 53 i Gl L (a3 lS plgis 4 Sl
gy it (xS0 I3 ol gt ol g S o Jus
sl g by gkl da Cuae db wildg) > Jixe 5 (JI dlge zuie

Shgwy S Gl Obgrge ditun Ol ol clapiogw
aslsl e Glap @ 1) S alils WS o (SN
..\.\.;5@

s sl > & oaslul aen jl 3 J10,a8 oSS

el Jos ()38 5 1S5 Colg caidgy plys)l ol

e gl 555 53 sy dad 10 Mm99 ik
ol dlie ole5 10l b den g W e o £S3L L

sy 65 g &S WS o o g (B din g 128l DLAT
2yl 2gg pols addllas jo adlis

&bo
1. Gattuso JP, Magnan A, Billé R, Cheung WW,
Howes EL, Joos F, Allemand D, Bopp L, Cooley SR,
Eakin CM, Hoegh-Guldberg O. Contrasting futures
for ocean and society from different anthropogenic
CO2 emissions scenarios. Science. 2015;349
(6243):aac4722. doi:10.1126/science.aac4722
2. Zicker F. Science and Global Health. Novelty in
Clinical Medicine. 2022; 1(3): 119-120. doi:
10.22034/ncm.2022.337000.1038
3. Wang Z, Xiao J, Fan S, Li Y, Liu X, Liu D. Who
made the world's largest green tide in C hina?—an
integrated study on the initiation and early
development of the green tide in Y ellow S ea.
Limnology and Oceanography. 2015;60(4):1105-17.
doi:10.1002/In0.10083
4. Blaby-Haas CE, Merchant SS. Regulating cellular
trace metal economy in algae. Current opinion in
plant biology. 2017;39:88-96.
d0i:10.1016/j.pbi.2017.06.005
5. Gao G, Liu Y, Li X, Feng Z, Xu Z, Wu H, Xu J.

(EIA) (o Conmny 5 131 L5
lp Soletans 1015 G (EIA) oo w56 bj)
sl bl (il bl oty (olls
Cunl (058 9 (Sajedon lalame ) (ol 0jgn S
Sl 5 oo sl Pl b i )3 e 25 EIA (14)
alyl g alilad uley JBlas a4 a3 5 dtio Oluwwls
| g s b iz EVA 5 o ] Jamo (535f
o ol sl Jas 2alS ol Ll gl (cbeallas o
Sl 4 EIA il ks wnlys 1) clgu,y 5 JWs! L
Ol ol b Nlgoe (ae Cumj Copie I3l S
wle imio (slaun] b gy oad Mgy pSiw 313 laoss Ul
Gl gyt 4y e il 5 GLol adas da iSOl

(7e) les S8 S

S 5 Al
Slod s jsbo 4 Canl (S i OIS i) ol
S3dom 9 (SSgse Jelse (ol cond gy S Shg
oS Gl lawgr (Sl il abl diil S opf o
5 bale (Bireg ol p (g2 LB cgllaol )]

Expected CO2-induced ocean acidification
modulates copper toxicity in the green tide alga Ulva
prolifera. Environmental and Experimental Botany.
2017;135:63-72.
doi:10.1016/j.envexpbot.2016.12.007

6. Contreras-Porcia L, Meynard A, Lopez-
Cristoffanini C, Latorre N, Kumar M. Marine metal
pollution and effects on seaweed species. InSystems
biology of marine ecosystems 2017 (pp. 35-48).
Springer, Cham. doi:10.1007/978-3-319-62094-7_3
7. Blanchet H, Lavesque N, Ruellet T, Dauvin JC,
Sauriau PG, Desroy N, Desclaux C, Leconte M,
Bachelet G, Janson AL, Bessineton C. Use of biotic
indices in semi-enclosed coastal ecosystems and
transitional waters habitats—implications for the
implementation of the European Water Framework
Directive. Ecological indicators. 2008;8(4):360-72.
doi:10.1016/j.ecolind.2007.04.003

8. Gaston GR, Brown SS, Rakocinski CF, Heard RW,
Summers JK. Trophic structure of macrobenthic

\f’\}ﬁl@&fb)low?ufb)gb Q,Dg«b«bﬂo


https://doi.org/10.1126/science.aac4722
https://doi.org/10.1002/lno.10083
https://doi.org/10.1016/j.pbi.2017.06.005
https://doi.org/10.1016/j.envexpbot.2016.12.007
https://doi.org/10.1007/978-3-319-62094-7_3
https://doi.org/10.1016/j.ecolind.2007.04.003
http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html

[ Downloaded from jmarmed.ir on 2025-10-16 ]

[ DOI: 10.30491/4.3.153]

WO/ S Slo el 2 o 2S935 Ol St 3l (Sl )BT (g 2

communities in northern Gulf of Mexico estuaries.
Gulf and Caribbean Research. 1995;9(2):111-6.
doi:10.18785/grr.0902.05

9. Khan FE, Jolly YN, Islam GM, Akhter S, Kabir J.
Contamination status and health risk assessment of
trace elements in foodstuffs collected from the
Buriganga River embankments, Dhaka, Bangladesh.
International Journal of Food Contamination. 2014;1
(1):1-8. doi:10.1186/s40550-014-0001-z

10. Mohiuddin KM, Ogawa YZ, Zakir HM, Otomo
K, Shikazono N. Heavy metals contamination in
water and sediments of an urban river in a developing
country. International journal of environmental
science &  technology. 2011;8(4):723-36.
doi:10.1007/BF03326257

11. Siddiquee NA, Parween S, Quddus MM, Barua
P. Heavy metal pollution in sediments at ship
breaking area of Bangladesh. InCoastal
environments: focus on Asian regions 2012 (pp. 78-
87). Springer, Dordrecht. doi:10.1007/978-90-481-
3002-3 6

12. Mrozinska N, Bakowska M. Effects of heavy
metals in lake water and sediments on bottom
invertebrates inhabiting the brackish coastal lake
Lebsko on the southern Baltic coast. International
Journal of Environmental Research and Public
Health. 2020;17(18):6848.
d0i:10.3390/ijerph17186848

13. Carson RT, Damon M, Johnson LT, Gonzalez JA.
Conceptual issues in designing a policy to phase out
metal-based antifouling paints on recreational boats
in San Diego Bay. Journal of environmental
management. 2009;90(8):2460-8.
doi:10.1016/j.jenvman.2008.12.016

14. Eklund B, Eklund D. Pleasure boatyard soils are
often  highly  contaminated. = Environmental
management. 2014;53(5):930-46.
d0i:10.1007/s00267-014-0249-3

15. Papamanolis G, Giannakopoulos E,
Kalavrouziotis IK. Shipyards waste and sustainable
management in Greece: case study. Desalination and
Water Treatment. 2018;127:90-6.
doi:10.5004/dwt.2018.22595

16. Gonzalez-Fernandez D, Garrido-Pérez MC,
Nebot-Sanz E, Sales-Mérquez D. Source and fate of
heavy metals in marine sediments from a semi-
enclosed deep embayment subjected to severe
anthropogenic activities. Water, Air, & Soil
Pollution. 2011;221(1):191-202.
d0i:10.1007/s11270-011-0782-0

17. Llanos EN, Bottero MA, Jaubet ML, Elias R,
Garaffo GV. Functional diversity in the intertidal
macrobenthic community at sewage-affected shores
from Southwestern Atlantic. Marine Pollution
Bulletin. 2020;157:111365.
doi:10.1016/j.marpolbul.2020.111365

18. de Souza MD, Taitson PF, Oliveira JB. The
SClmago Journal & Country Rank and the JBRA.
JBRA  Assisted Reproduction.  2019;23(1):1.
d0i:10.5935/1518-0557.20180082

19. Hedge LH, Knott NA, Johnston EL. Dredging
related metal bioaccumulation in oysters. Marine

J Mar Med Autumn 2022, Vol. 4, No. 3

Pollution Bulletin. 2009
d0i:10.1016/j.marpolbul.2009.01.020
20. Ruilian YU, Xing Y, Yuanhui ZH, Gongren HU,
Xianglin TU. Heavy metal pollution in intertidal
sediments from Quanzhou Bay, China. Journal of
Environmental ~ Sciences. 2008  ;20(6):664-9.
doi:10.1016/S1001-0742(08)62110-5

21. Rodriguez P, Reynoldson TB. The pollution
biology of aquatic oligochaetes. Springer Science &
Business Media; 2011.

22. Hu C, Dong J, Gao L, Yang X, Wang Z, Zhang
X. Macrobenthos functional trait responses to heavy
metal pollution gradients in a temperate lagoon.
Environmental Pollution. 2019;253:1107-16.
doi:10.1016/j.envpol.2019.06.117

23. Amini F. Heavy Metal Concentrations in Padina
gymnospora and Padina tetrastromatica
Dictyotaceae, Ochrophyta,) and Sediments of
BushehrCoastline (Bushehr Province, Iran). Journal
of Phycological Research. 2020 ;4(1):497-507.
doi:10.29252/JPR.4.1.497

24. Ni-Ni-Win, Hanyuda T, Arai S, Uchimura M,
Prathep A, Draisma SG, Soe-Htun, Kawai H. Four
new species of Padina (Dictyotales, Phaeophyceae)
from the western Pacific Ocean, and reinstatement of
Padina japonica. Phycologia. 2010;49(2):136-53.
doi:10.2216/09-54.1

25. Ouma KO, Shane A, Syampungani S. Aquatic
Ecological Risk of Heavy-Metal Pollution
Associated with Degraded Mining Landscapes of the
Southern Africa River Basins: A Review. Minerals.
2022;12(2):225. doi:10.3390/min12020225

26. Link JS, Griswold CA, Methratta ET, Gunnard J,
Brodziak JK, Col LA, et al. Documentation for the
energy modeling and analysis exercise (EMAX).
2006.

27. Dong JY, Zhao L, Yang X, Sun X, Zhang X.
Functional Trait Responses of Macrobenthos to
Anthropogenic  Pressure in  Three Temperate
Intertidal Communities. Frontiers in Marine Science.
2021. doi:10.3389/fmars.2021.756814

28. Mosbahi N, Serbaji MM, Pezy JP, Neifar L,
Dauvin JC. Response of benthic macrofauna to
multiple anthropogenic pressures in the shallow
coastal zone south of Sfax (Tunisia, central
Mediterranean Sea). Environmental Pollution. 2019;
253: 474-87. doi:10.1016/j.envpol.2019.06.080

29. Golson-Garner KF, Tsegaye T, Coleman T,
Tadesse W, Spencer D. Examining the Effects of
Urbanization on the Indian Creek Watershed. 2005.
30. Honari M, Boleyn T. Health ecology: health,
culture and  human-environment interaction.
Routledge; 2005. doi:10.4324/9780203982549

58(6):832-40.


https://doi.org/10.18785/grr.0902.05
https://doi.org/10.1186/s40550-014-0001-z
https://doi.org/10.1007/BF03326257
https://doi.org/10.1007/978-90-481-3002-3_6
https://doi.org/10.1007/978-90-481-3002-3_6
https://doi.org/10.3390/ijerph17186848
https://doi.org/10.1016/j.jenvman.2008.12.016
https://doi.org/10.1007/s00267-014-0249-3
https://doi.org/10.5004/dwt.2018.22595
https://doi.org/10.1007/s11270-011-0782-0
https://doi.org/10.1016/j.marpolbul.2020.111365
https://doi.org/10.5935/1518-0557.20180082
https://doi.org/10.1016/j.marpolbul.2009.01.020
https://doi.org/10.1016/S1001-0742\(08\)62110-5
https://doi.org/10.1016/j.envpol.2019.06.117
https://doi.org/10.29252/JPR.4.1.497
https://doi.org/10.2216/09-54.1
https://doi.org/10.3390/min12020225
https://doi.org/10.3389/fmars.2021.756814
https://doi.org/10.1016/j.envpol.2019.06.080
https://doi.org/10.4324/9780203982549
http://dx.doi.org/10.30491/4.3.153
http://jmarmed.ir/article-1-385-fa.html
http://www.tcpdf.org

