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Figure 1: Sampling stations of sediments from mangrove and coral habitats (Around Qeshm, Bandar Khamir, Larak,
Hengam, Tiab, and Azini estuaries) located in the Persian Gulf
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Figure 2: Spatial variations of heavy metal concentration in (pg /g dry weight) among the sampling stations located in
the area of the Strait of Hormuz, Persian Gulf
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Table 1: Comparison of the average concentration of heavy metals Cu, Ni, Zn, Pb, Cd, and Cr (pg/g) in the recent
study including mangrove and coral areas with other areas in the Persian Gulf and Oman Sea

.J)L.x.il&w‘ ﬁélﬁo
W) S ge 0999 o S $9) e pgedls pgyS &b
Y$ %) 5f \ N SYIY
o o 3Ty gla g3
e e SR \AIBS YAFA FUOA - VEY O AYEY Lol aalllas
oaid ¢ e ;A “5)5]
ol sty o AL WAEY  YANY  YOIYS oYY SF/fQ (Mort%az"z')et al,
Sharifinia et al.
ol g aas o3 \YITE - YAV YEIB0 YIYY ; ( '
I / / / / 2018)
hee by (K 5> Y - YPAA FAAY Y - (Sharifinia et al.,
2018)
g oo YEV/F- DOVIAP  YS./EY  VARAA £IOY 030/¥d  (Bibak etal., 2021)
e ol b pom &35 VSN YV - Y5/ - $IYs J\A OFA-  (Rezaei etal., 2021)
Sy Go,o i . -a¥/f-. -QO/AY -YIfY -f/¥Ya -YIAY (Ranjbar Jafarabadi
(o i) ) Y1/AY VAIAD Ay VEAEYY et al., 2020)
WSH) Il e slee s
ST e \YIVA YW YYNR Y88 AV - (Souri et al., 2019)
(oo eady ez
g g Ya/sY YOOY O fvAR A 0¥ YAAR (Mirzaei et al., 2020)
by styghue Jolsu VRV BOP  VAURA YRFAY BYF AYNY (Arfagg‘l'ag)et al,
o yhid gz oS, WYY V\/YE VEea Ved -I¥8 - (Souri et al., 2020)
. Rastegari Mehr et
s | Vasyy YASD  OFNE VY . ST
i Sl ! / / / / al., 2020)
TR Y AVYY  FeRF VY. ONE V.YE. (Mirzaetal., 2019)
s oo 05108 YYEY  SYIFO  SISA ova o.ve  (Lahijanzaden etal,

2019)

~y {(Ranjbar Jafarabadi etal., 2020) (. ,bz5)
Slllae 2151 Soml addlas ol s pgS clale
S Clle ool b sy o ligeds s asipl
wgbue J2lgw 5l g5 clale 5l VL caslllae 3590 bl
sloo o pli> o (Arfaeinia et al., 2019) i9
Jsi>) o (Ranjbar Jafarabadietal., 2020) s> ,»

()
ganail Kby yole Gl Jol> glaasily
2 el (Sl Gl ey 0y5e sleelSiny
Sl 5o Bly slaolliwl (Sl o g 5,5k laoliin ;
w3z wid b sliwg, Soo5 g el axls (Jlas
bl plo 4 cond G Fogdl 9,5k oS0 2d
5 IS5 5l stz B (Sogll shls iy 5 il ol

AT ol eladdlas )90 Sl ;0w clale
Frarog glee sl o g oo )Bads 5o 00l )15 Slalllas
g Jo e B e 00505 5l G sladisai b analie ;o
Sl sleo,o pli> «(Rezaei et al., 2021)
«Ranjbar Jafarabadi et al., 2020) (_.,bz5)
J>lsw g(Sourietal., 2020) ljgoin sy > oS >
Lahijanzadeh et al., 2019; Rastegari ) :,tu.;s>
Cmnd oy 3 650w b cdale a5 (Mehretal., 2020
S SV poeslS cale 05,8 5155 ¢ ol anlllas 4
29 oles S yo 9w Bads o saiabul ladlas iSTay
SIS 4 S Soml oS il (Jlcnl L
Arfaeinia et al., 2019; ) o9 J>low 5l i
Sl sleo,o pli> 5 (Bibak et al, 2021

VA



DOI:10.1007/s10661-021-09378-3.
Arfaeinia, H., Dobaradaran, S., Moradi, M.,
Pasalari, H., Mehrizi, E.A., Taghizadeh,
F.,Esmaili, A.and Ansarizadeh, M., 2019.
The effect of land use configurations on
concentration, spatial distribution, and
ecological risk of heavy metals in coastal
sediments of northern part along the Persian
Gulf. Science of Total Environment, 653,
783-791.
DOI:10.1016/j.scitotenv.2018.11.009.
Bibak, M., Sattari, M., Tahmasebi, S., Kafaei,
R., Sorial, G.A.and Ramavandi, B., 2021.
Trace and Major Elements Concentration in
Fish and Associated Sediment—Seawater,
Northern Shores of the Persian Gulf.
Biological Trace Element Research, 199:
2717-2729. DOI:10.1007/s12011-020-
02370-x
Carrasquilla-Henao,M. and Juanes, F., 2017.
Mangroves enhance local fisheries catches: a
global meta-analysis. Fish and Fisheries,
18:79-93. DOI:10.1111/faf.12168
Costanza, R.,de Groot, R.,Sutton, P., van der
Ploeg, S., Anderson, S.J., Kubiszewski, 1.,
Farber, S. and Turner, R.K., 2014.
Changes in the global value of ecosystem
services. Global Environmental Change,
26:152-158.
DOI:10.1016/j.gloenvcha.2014.04.002
Cunningham, P.A., Sullivan, E.E., Everett,
K.H., Kovach, S.S., Rajan, A. and Barler,
M.C., 2019. Assessment of metal
contamination in Arabian/Persian Gulf fish:
A review. Marine Pollution Bulletin,
143:264-283.
DOI:10.1016/j.marpolbul.2019.04.007

14

Olee 4 pamedls daolny; ! jo d0g pamesls
Mg g9 5l BT L ws Glulis aie op sy
3535 3l Olgiee waSosgll mlie 62Ky 5 eoasYl
el 05 6pSsla wlas Slaolliw 4 oYl
T Sl s (e s ase 3l et Gla Sl
Dlg g0 500 (S5m0 3l (Slz 0 9 Ly Bblie gl o o

23,5 @le jlaice ) po e 5 sl Ay 4 e

@‘5)055};;&3
ke 9o Slids i mls 5l i ol allae
LAAY 2T oS [aiS oleld 5 o)l Kiagh 5l coles
6*'19 ) Lo Gfdjﬂ Corog é4L> Q)ST)? Q‘j_;_g
Ll Sy iz s 1 Gelfin; » aSE L )
dlosows Fgdio S3ize g (o0l laiules 5l B o g

INCEL SRS oW P

&b

Agah, H., 2021. Ecological risk assessment of
heavy metals in sediment, fish, and human
hair from Chabahar Bay, Makoran, Iran.
Marine Pollution. Bulletin, 169:112345.
DOI:10.1016/j.marpolbul.2021.112345.

Ali, H., Khan, E. and llahi, 1., 2019.
Environmental Chemistry and Ecotoxicology
of Hazardous Heavy Metals: Environmental
Persistence, Toxicity, and Bioaccumulation.
Journal  of  Chemistry, 6730305.
DOI:10.1155/2019/6730305.

Angeli, J.L.F., Sartoretto, J.R., Kim, B.S.M,,
de Lima Ferreira, P.A., de Mahiques,
M.M. and Figueira, R.C.L., 2021. Trace
element fluxes during the “Anthropocene” in
a large South American industrial and port
area (Santos and Sao Vicente estuarine
system, SE, Brazil). Environmental
Monitoring and Assessment,193:594.



SRERIY- WA R - I (O PR

O‘J‘SAAJLS\}"A:)A

Donato, D.C., Kauffman, J.B., Murdiyarso,
D., Kurnianto, S., Stidham, M. and
Kanninen, M., 2011. Mangroves among the
most carbon-rich forests in the tropics.
Nature Geoscience, 4:293-297.
DOI:10.1038/nge01123

Duodu, G.O., Goonetilleke, A. and Ayoko,
G.A.,2016. Comparison of pollutionindices
forthe assessment of heavy metal in Brisbane
River sediment. Environmental Pollution,
219, 1077-1091. DOI:
10.1016/j.envpol.2016.09.008

El-Sorogy, A.S., Youssef, M., Al-Kahtany, K.
and Saleh, M.M., 2020. Distribution, source,
contamination, and ecological risk status of
heavy metals in the Red Sea-Gulf of Agaba
coastal sediments, Saudi Arabia. Marine
Pollution Bulletin, 158:111411.
DOI:10.1016/j.marpolbul.2020.111411

FAO, 2014. Fishery and Aquaculture Country
Profiles, The Islamic Republic of Iran. Food
and Agriculture Organization of the United
Nations, Fisheries and Aquaculture
Department. Available at:
http://www.fao.org/fishery/facp/IRN/en.

Freije, A.M., 2015. Heavy metal, trace element
and petroleum hydrocarbon pollution in the
Arabian Gulf: Review. Journal of the
Association of Arab Universities for Basic
and Applied Sciences, 17:90-100.
DOI:10.1016/j.jaubas.2014.02.001

Ghrefat, H. and Yusuf, N., 2006. Assessing
Mn, Fe, Cu, Zn, and Cd pollution in bottom
sediments of Wadi Al-Arab Dam, Jordan.
Chemosphere, 65: 2114-2121.
DOI:10.1016/j.chemosphere.2006.06.043

Hamilton, S.E. and Casey, D., 2016. Creation
of a high spatio-temporal resolution global
database of continuous mangrove forest
cover for the 21st century (CGMFC-21).
Global Ecology and Biogeography, 25:729—
738. DOI:10.1111/geb.12449

Himes-Cornell, A., Pendleton, L. and Atiyah,
P., 2018. Valuing ecosystem services from
blue forests: A systematic review of the
valuation of salt marshes, sea grass beds and
mangrove forests. Ecosystem Service. 30:36—
48. DOI:10.1016/j.ecoser.2018.01.006

Hochard, J.P., Hamilton, S. and Barbier,
E.B., 2019. Mangroves shelter coastal
economic activity fromcyclones. Proceeding
of Natlional Academy of  Science,
116:12232-12237.
DOI:10.1073/pnas.1820067116

Hou, D., He, J., L0, C., Ren, L., Fan, Q.,
Wang, J. and Xie, Z., 2013. Distribution
characteristics and potential ecological risk
assessmentof heavy metals (Cu, Pb, Zn, Cd)
in water and sediments from Lake Dalinouer,
China. Ecotoxicology and Environmental
Safety, 93:135-144.
DOI:10.1016/j.ecoenv.2013.03.012

Jumbe, A. and Nandini, N., 2009. Impact
assessment of heavy metals pollution of
Vartur lake, Bangalore. Journal of Applied
and Natural  Science, 1:53-61.
DOI:10.31018/jans.v1i1.35

Keshavarzifard, M., Vazirzadeh, A. and
Sharifinia, M., 2020. Implications of
anthropogenic effects on the coastal
environmentof NorthernPersian Gulf, using
jinga shrimp (Metapenaeus affinis) as



indicator. Marine Pollution Bulletin,
159:111463.
DOI:10.1016/j.marpolbul.2020.111463
Kotke, D., Gandrass, J., Xie, Z. and
Ebinghaus, R., 2019. Prioritised
pharmaceuticals in German estuaries and
coastal  waters: Occurrence  and
environmental risk assessment.
Environmental Pollution, 255:113161.
DOI:10.1016/j.envpol.2019.113161
Lahijanzadeh, A.R., Rouzbahani, M.M.,
Sabzalipour, S. and Nabavi, S.M.B., 2019.
Ecological risk of potentially toxic elements
(PTEs) in sediments, seawater, wastewater,
and benthicmacroinvertebrates, Persian Gulf.
Marine Pollution Bulletin, 145:377-389.
DOI:10.1016/j.marpolbul.2019.05.030
Letsinger, S., Kay, P., Rodriguez-Mozaz, S.,
Villagrassa, M., Barcel6, D. and Rotchell,
J.M., 2019. Spatial and temporal occurrence
of pharmaceuticals in UK estuaries. Science
of the Total Environment, 678:74-84.
DOI:10.1016/j.scitotenv.2019.04.182
Maanan, M., 2008. Heavy metal concentrations
in marine molluscs from the Moroccan
coastal region. Environmental Pollution,
153:176-183.
DOI:10.1016/j.envpol.2007.07.024
Mendiguchia, C., Moreno, C., Manuel-Vez,
M.P. and Garcia-Vargas, M., 2006.
Preliminary investigation on the enrichment
of heavy metals in marine sediments
originated from intensive aquaculture
effluents. Aquaculture, 254:317-325.
DOI:10.1016/j.aquaculture.2005.10.049
Mirza, R., Moeinaddini, M., Pourebrahim, S.

AR

and Zahed, M.A., 2019. Contamination,
ecological risk and source identification of
metals by multivariate analysis in surface
sediments of the khouran Straits, the Persian
Gulf. Marine Pollution Bulletin, 145:526—
535. DOI:10.1016/j.marpolbul.2019.06.028

Mirzaei, M., Hatamimanesh, M., Haghshenas,
A., Moghaddam, S.M. Ozunu, A. and
Azadi, H., 2020. Spatial-seasonal variations
and ecological risk of heavy metals in Persian
gulf coastal region: Case study of lIran.
Journal of Environmental Health Science &
Engineering, 18:91-105.
DOI:10.1007/s40201-019-00441-3

MOOPAM, 2010. Manual of Oceanographic
Observations and Pollutant Analyses
Methods (Moopam). 3rd ed. Kuwait:
Regional Organization for the Protection of
the Marine Environment.

Mortazavi M, Sharifian S. and Aghajari N.,
2013. Risk estimation of heavy metals from
consumption of silver pomfretandtiger tooth
croaker in Hormozagan Province. Iranian
Scientific Fisheries Journal, 22(2):127-136.
DOI:10.22092/1SFJ.2017.110125. [In
Persian].

Mortazavi, M.S., Sharifian, S., Mohebbi, S.L.,
Saraji, F. and Akbar zadeh, G.A., 2022.
The spatial distribution and ecological risks
of heavymetalsin the North of Persian Gul.
International Journal of Environmental
Science and Technology, 19:10143-10156.
DOI:10.1007/s13762-022-04230-8

Obasi, P.N., 2020. Occurrence and distribution
of heavy metal in arable soils around lead—
zinc mining sites of Abakaliki, Southeast



SRERIY- WA R - I (O PR

O‘J‘SAAJLS\}"A:)A

Nigeria. Modeling Earth Systems and
Environment, 6, 1887-1899.
DOI:10.1007/s40808-020-00800-2
Pielke, S., 2005. Land use and climate change.
Science, 310:1625-1626.

Pujari, M. and Kapoor, D., 2021. 1 - Heavy
metals in the ecosystem: Sources and their
effects. In: Kumar, V., Sharma, A., Cerda, A.
(Eds.), Heavy Metals in the Environment,
Impact, Assessment, and Remediation.
Elsevier, pp. 1-7. DOI:10.1016/B978-0-12-
821656-9.00001-8.

Ranjbar Jafarabadi, A., Mitra, S,
Raudonyté-Svirbutaviciené, E. and Riyahi
Bakhtiari, A., 2020. Large-scale evaluation
of deposition, bioavailability and ecological
risks of the potentially toxic metals in the
sediment cores of the hotspot coral reef
ecosystems (Persian Gulf, Iran). Journal of
Hazardous  Materials, 400:122988.
DOI:10.1016/j.jhazmat.2020.122988
Rasolofo, M.V, 1997. Use of mangroves by
traditional fishermen in Madagascar.
Mangroves and Salt Marshes, 1:243-253.
DOI:10.1023/A:1009923022474
Rastegari Mehr, M., Keshavarzi, B., Moore,
F., Fooladivanda, S., Sorooshian, A. and
Biester, H., 2020. Spatial distribution,
environmental risk and sources of heavy
metals and polycyclic aromatic hydrocarbons
(PAHS) in surface sediments-northwest of
Persian Gulf. Continental Shelf Research,
193: 104036. DOI:
10.1016/j.csr.2019.104036

Rezaei, M., Mehdinia, A., Saleh, A,
Modabberi, S. and Mansouri Daneshvar,

M.R., 2021. Environmental assessment of
heavy metal concentration and pollution in
the Persian Gulf. Modeling Earth Systems
and Environment, 7: 983-1003. DOI:
10.1007/s40808-020-00913-8

Richards, D.R. and Friess, D.A., 2016. Rates

and drivers of mangrove deforestation in
Southeast Asia, 2000-2012. Proceeding of
Natlional Academy of Science, 113:344-349.
DOI:10.1073/pnas.1510272113

Shahsavani, A., Fakhri, Y., Ferrante, M.,

Keramati, H., Zandsalimi, Y., Bay, A.,
Hosseini Pouya, S.R., Moradi, B.,
Bahmani, Z. and Mousavi Khaneghah, A,
2017. Risk assessment of heavy metals
bioaccumulation: fished shrimps from the
Persian Gulf. Toxin Reviews, 36:322—-330.
DOI:10.1080/15569543.2017.1312451

Sharifinia, M., Taherizadeh, M., Namin, J.1I.

and Kamrani, E., 2018. Ecological risk
assessment of trace metals in the surface
sediments of the Persian Gulf and Gulf of
Oman: Evidence from subtropical estuaries
of the Iranian coastal waters. Chemosphere,
191:485-493.

DOI:10.1016/j.chemosphere.2017.10.077

Souri, A., Niyogi, S. and Naji, A., 2019.

Distribution,  source  apportionment,
bioavailability andecological risks of metals
in reef sediments and corals of the Persian
Gulf (Iran): Khark Island, Chirouyeh, and
Hendorabi Island. Marine Pollution Bulletin,
149:110654.
DOI:10.1016/j.marpolbul.2019.110654

Souri, A., Masoodi, M., Niyogi, S. and Naji,

A., 2020. Speciation and risk assessment of

Yy



selected trace metals in bottom sediment of
coral reef ecosystems of the Persian Gulf.
Environmental Science and Pollution
Research, 27:21416-21428.
DOI:10.1007/s11356-020-08632-4

Spalding, M. and Parrett, C.L., 2019. Global
patterns in mangroverecreationand tourism.
Marine Policy, 110:103540.
DOI:10.1016/j.marpol.2019.103540

Tan, E., Zou,W., Jiang, X., Wan, X.,Hsu, T.-
C., Zheng, Z., Chen, L., Xu, M., Dai, M.
and Kao, S., 2019. Organic matter
decompositionsustains sedimentary nitrogen
loss in the Pearl River Estuary, China.
Science of Total Environment, 648:508-517.
DOI:10.1016/j.scitotenv.2018.08.109

Thomas, N., Lucas, R., Bunting, P., Hardy,
A., Rosengvist, A. and Simard, M., 2017.
Distribution and drivers of global mangrove
forest change, 1996-2010. PLoS One,
12:0179302.

Tian, K., Wu, Q., Liu, P., Hu, W., Huang, B.,
Shi, B., Zhou, Y., Kwon, B.O., Choi, K.,
Ryu, J., Seong Khim, J. and Wang, T.,
2020. Ecological risk assessment of heavy
metals in sediments and water from the
coastal areas of the Bohai Sea andthe Yellow
Sea.  Environment International,
136:105512.
DOI:10.1016/j.envint.2020.105512

Wade, T.L., Sweet, S.T. and Klein, A.G.,
2008. Assessment of sediment contamination
in Casco Bay, Maine, USA. Environmental
Pollution, 152:505-521.
DOI:10.1016/j.envpol.2007.07.016

Wang, M., Tong, Y.,Chen,C.,Liu, X., Lu,Y.,

Yy

Zhang, W., He, W., Wang, X., Zhao, S.
and Lin, Y., 2018. Ecological risk
assessment to marine organisms induced by
heavy metals in China’s coastal waters.
Marine Pollution Bulletin, 126:349-356.
DOI:10.1016/j.marpolbul.2017.11.019

Wilson, M.J. and Bell, N., 1996. Acid
deposition and heavy metal mobilization.
Applied  Geochemistry, 11:133-137.
DOI:10.1016/0883-2927(95)00088-7

Zhang, H. and Reynolds, M., 2019. Cadmium
exposure in livingorganisms: A short review.
Science of Total Environment, 678:761-767.
DOI:10.1016/j.scitotenv.2019.04.395

zu Ermgassen, P.S.E., Mukherjee, N.,
Worthington, T.A., Acosta, A., Rocha
Araujo, A.R. da, Beitl, C.M., Castellanos-
Galindo, G.A., Cunha-Lignon, M.,
Dahdouh-Guebas, F., Diele, K., Parrett,
C.L., Dwyer, P.G., Gair, J.R., Johnson,
A.F., Kuguru, B., Savio Lobo, A.,
Loneragan, N.R., Longley-Wood, K.,
Mendong¢a, J.T., Meynecke, J.-O., Mandal,
R.N., Munga, C.N., Reguero, B.G.,
Ronnback, P., Thorley, J., Wolff, M. and
Spalding, M., 2020. Fishers who rely on
mangroves: Modelling and mapping the
global intensity of mangrove-associated
fisheries. Estuarine, Coastal and Shelf
Science, 247:106975.
DOI:10.1016/j.ecss.2020.106975



Iranian Scientific Fisheries Journal Vol. 32, No. 6

Spatial distribution of heavy metals in the sediments of mangrove and coral habitats of
Hormozgan province

Mortazavi M.S.1"; Mohebbi-Nozar S.L. !; Sharifian S. 1; Saraji F.*; Behzadi S. %;
Koohkan H.1

*mseddigl@yahoo.com

1-Persian Gulf and Oman Sea Ecological Research Center, Iranian Fisheries Sciences
Research Institute, Agricultural Research Education and Extension Organization (AREEO),
Bandar Abbas, Iran

Abstract

In the current work, a comprehensive assessment of the spatial distribution of heavy metals
including Cd, Pb, Ni, Cu, Zn, and Cr was performed in the sediments of mangrove and coral areas
from 32 stations located in Tiab, Azini, Lark, Hengam and Qeshm, Island, Bandar e pol and
Bandar Khamir during the 2021 to 2022. The concentration of heavy metals showed significant
spatial variations between the areas. The highest concentration of Cd 1.64+0.01 pg/g was
observed at the station "Near Tabl village, South of the mangrove trees". The station "Tiab, end
ofthe estuary" had the highest concentration of Pb 17.87+2.17 pg/g. The highest concentrationof
Ni 135.22+1.85 pg/g was seen in "North Tiab station, irrigation branch”. The maximum
concentration of metal Cr 18.41+0.41 ug/g was observed at the "Center of mangrove reservoir"
station. There was the highest concentration of Zn 94.61+30.74 pg/g in "Azini Station 2" and
finally, the highest concentration of Cu 40.5+0.28 pg/g was observed in the station "Khamir port,
sandy bed of mangrove trees". The stations located in Tiab and the mangrove reserve had a higher
intensity of pollution than other places and showed considerable risks of pollution, especially in
terms of Ni and Cd. Cadmium was considered as the most dangerous metal in the studied areas
which is probably caused by industrial activities. It is necessary to consider comprehensive and
impressive strategies to control and reduce these heavy metal pollutions, especially in Tiab
habitats and mangrove reserves where show high intensity of Cd and Ni contamination to
identify, and manage the sources of these pollutions and minimize the impact of human activities
on mangrove and coral ecosystems.
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