Appendix 4. Main characteristic included in our study (mg/kg)
	Country
	Sample size
	As
	SD
	Cd
	SD
	Pb
	SD
	Ni
	SD
	Hg
	SD
	 CF-As
	CF-Cd
	CF-Pb
	CF-Ni
	CF-Hg
	Method of detection
	References

	Iran
	6
	
	
	
	
	
	
	
	
	3.2400
	0.2800
	
	
	
	
	8.12
	Atomic Absorption Spectroscopy
	(Elsagh et al. 2021)

	Iran
	20
	
	
	
	
	
	
	9.6400
	2.3400
	
	
	
	
	
	
	
	inductively coupled plasma optical spectrometry (ICP-OES) 
	(Karbasdehi et al. 2016b)

	Iran
	15
	
	
	
	
	47.9000
	3.7700
	54.1200
	24.4400
	
	
	
	
	
	
	
	atomic absorption spectrometry Konic (FAAS)
	(Einollahipeer et al. 2013)

	Iran
	20
	
	
	0.2700
	0.0297
	12.0000
	
	81.4000
	11.3960
	
	
	
	
	
	
	
	inductively coupled plasmaemass spectrometry ICP-MS
	(Sedigheh et al. 2021)

	Iran
	12
	6.5300
	3.0100
	0.1100
	0.0300
	6.1000
	2.3200
	12.8600
	10.8700
	
	
	
	
	
	
	
	Inductively coupled plasma mass spectrometry (ICP-MS)
	(Bibak et al. 2018)

	Iran
	16
	10.5000
	5.1000
	
	
	
	
	62.0000
	6.0000
	
	
	0.81
	
	
	0.91
	
	inductively coupled plasma atomic emission spectrometry (ICP-AES)
	(Vaezi et al. 2015)

	Saudi Arabia
	38
	147.9500
	50.3030
	
	
	
	
	
	
	
	
	11.38
	
	
	
	
	ICP-MS
	(El-Sorogy et al. 2016)

	Iran
	15
	
	
	1.2600
	0.0500
	158.8600
	6.0000
	
	
	
	
	
	
	
	
	
	flame atomic absorption spectrophotometer Model 67OG
	(Chaharlang et al. 2012)

	Iran
	10
	
	
	1.0400
	0.1144
	
	
	
	
	
	
	
	
	
	
	
	ICP-AES
	(Salimi et al. 2019)

	Iran
	8
	
	
	
	
	7.7300
	
	34.0500
	4.7670
	
	
	
	
	
	
	
	inductively coupled plasma–optical emission spectrometry (ICP–OES)
	(Janadeleh et al. 2018)

	Saudi Arabia
	5
	72.7600
	1.6500
	0.5700
	0.0300
	38.9900
	1.6100
	282.2600
	3.1600
	1.3200
	0.1300
	
	
	
	
	
	inductively coupled plasma mass spectrometer (ICP-MS).” The pH
	(Mahboob et al. 2022)

	Saudi Arabia
	30
	1.6060
	0.5460
	0.2260
	0.0249
	5.3580
	
	7510.0000
	1051.4000
	0.8030
	0.3373
	0.12
	0.75
	0.27
	1.1
	2.01
	ICP-MS
	(Alharbi &El-Sorogy 2017)

	Iran
	15
	
	
	0.8500
	0.6400
	52.2400
	24.2300
	124.4300
	30.8100
	
	
	
	
	
	
	
	inductively coupled plasma atomic emission spectrometry
	(Pejman et al. 2014)

	Iran
	11
	
	
	0.2920
	0.0321
	78.7300
	
	12.5700
	1.7598
	
	
	
	
	
	
	
	plasma atomic emission spectroscopy (ICP-AES, Arcos model, Germany).
	(Arfaeinia et al. 2016)

	Iran
	3
	
	
	8.1000
	0.4000
	721.0000
	35.0000
	
	
	
	
	
	
	
	
	
	atomic absorption spectrophotometer
	(Bastami et al. 2015)

	Iran
	3
	
	
	
	
	1501.8300
	269.7600
	
	
	
	
	
	
	
	
	
	flame atomic absorption spectrophotometer
	(Darvishnia et al. 2016)

	Iran
	6
	
	
	
	
	1.1600
	0.1200
	14.9600
	0.6500
	1.5600
	0.0400
	
	
	
	
	
	Atomic Absorption System AA-2380
	(Hosseini et al. 2012)

	Saudi Arabia
	35
	14.9900
	2.2800
	0.0700
	0.0130
	3.8800
	1.0070
	0.5700
	0.1710
	2.4000
	0.4100
	1.15
	0.23
	0.19
	0.01
	1.06
	inductively coupled plasma mass spectrometer (ICPMS)
	(Al-Hashim et al. 2021)

	Iran
	5
	
	
	
	
	6.5200
	0.6200
	56.0400
	5.4400
	1.4900
	0.1500
	
	
	
	
	
	mass spectrometer
	(Abdollahi et al. 2013)

	Iran
	20
	
	
	0.1400
	0.0900
	10.3000
	3.3100
	89.3700
	30.6900
	
	
	
	
	
	
	
	inductively coupled plasma mass spectrometry (ICP-MS)
	(Mirza et al. 2019)

	Iran
	19
	0.3000
	0.2400
	
	
	
	
	
	
	
	
	
	
	
	
	
	inductively coupled plasma optical spectrometry (ICP-OES)
	(Karbasdehi et al. 2016a)

	Iran
	10
	
	
	
	
	5.0900
	7.5800
	11.1600
	7.3600
	
	
	
	
	
	
	
	flame atomic absorption spectrometry (F-AAS)
	(Allami et al. 2020)

	Iran
	6
	
	
	
	
	149.6000
	0.1000
	
	
	
	
	
	
	
	
	
	atomic absorption spectrometry (F-AAS)
	(Akbar &Mohammad 2011)

	Iran
	8
	
	
	
	
	14.6600
	
	102.6600
	14.3724
	0.2100
	0.0882
	
	
	0.58
	1.44
	4.21
	voltammetric polarographic method (Methrom 797)
	(Dehghan Madiseh et al. 2009)

	Iran
	20
	
	
	2.6300
	0.0400
	7.9400
	0.0400
	101.4800
	0.0500
	
	
	
	
	
	
	
	atomic absorption device (Thermo-solar) (AAS: Flame/Furnace, Thermo Scientific, Waltham, USA)
	(Zarezadeh et al. 2017)

	Saudi Arabia
	26
	30.6100
	10.4074
	7.1100
	0.7821
	5.2500
	
	77.0700
	10.7898
	2.0200
	0.8484
	2.35
	7.11
	0.26
	1.13
	5.05
	ICP-MS
	(El-Sorogy et al. 2018)

	Saudi Arabia
	19
	
	
	
	
	
	
	49.2600
	6.8964
	
	
	
	
	
	
	
	atomic absorption spectrophotometry
	(Basaham 2010)

	Iran
	4
	
	
	
	
	1.3700
	0.0400
	16.1800
	0.0300
	1.7900
	0.0300
	
	
	
	
	
	atomic absorption system AA-2380
	(Hosseini et al. 2015)

	 Arab Emirates
	5
	2.8980
	0.9853
	0.1050
	0.0116
	2.8200
	
	16.9250
	2.3695
	
	
	
	
	
	
	
	These analyses include: grain size analyses and heavy metals concentration.
	(El Tokhi et al. 2015)

	 Arab Emirates
	25
	
	
	5.1400
	0.8900
	37.3000
	8.7000
	18.0000
	2.3200
	
	
	
	
	
	
	
	Inductively Coupled Plasma–Mass Spectroscopy (ICP–MS)
	(Al Rashdi et al. 2015)

	Iran
	6
	
	
	2.2200
	0.4000
	26.7700
	2.2700
	
	
	
	
	
	
	
	
	
	atomic absorption spectrophotometer
	(Sharifinia et al. 2018)

	Iran
	25
	4.5400
	0.8000
	0.2900
	0.0600
	6.8600
	2.8300
	73.6200
	7.4900
	0.7600
	2.6400
	
	
	
	
	
	inductively coupled plasma mass spectrometry
	(Lahijanzadeh et al. 2019)

	Saudi Arabia
	8
	121.1000
	41.1740
	0.7000
	0.0770
	75.0000
	
	
	
	0.4000
	0.1680
	
	
	
	
	
	ICP-MS (Inductively Coupled Plasma-Mass Spectrometer)
	(Youssef et al. 2015)

	Iran
	28
	3.2970
	1.1210
	0.1780
	0.0196
	6.3580
	
	77.1400
	10.7996
	0.0170
	0.0071
	
	
	
	
	
	Inductively Coupled Plasma Mass Spectrometry (ICP–MS)
	(Rezaei et al. 2021b)

	Iran
	36
	
	
	
	
	44.6000
	9.7200
	105.7000
	8.1600
	
	
	
	
	
	
	
	atomic absorption
	(Karbassi &Bayati 2005)

	Saudi Arabia
	30
	6.8300
	2.3222
	0.3000
	0.0330
	7.7200
	
	23.5000
	3.2900
	0.3300
	0.1386
	0.53
	0.98
	0.39
	0.34
	0.81
	inductively coupled plasma–mass spectrometer (ICP-MS)
	(El-Sorogy et al. 2021)

	Iran
	9
	13.5000
	4.5900
	
	
	16.8000
	
	198.4000
	27.7760
	
	
	1.03
	
	0.81
	2.91
	
	the Mand Delta
	(Pourkerman et al. 2017)

	Iran
	25
	
	
	0.8000
	0.0880
	48.3000
	
	112.1000
	15.6940
	
	
	
	
	
	
	
	inductively coupled plasma atomic emission spectrometry (ICP-AES)
	(Pejman et al. 2017)

	Iran
	48
	3.7000
	1.2580
	
	
	3.4000
	
	19.0000
	2.6600
	0.1160
	0.0487
	
	
	
	
	
	ICP-mass spectrometer
	(Delshab et al. 2017)

	Iran
	6
	10.8400
	1.4400
	0.8200
	0.1400
	8.0000
	1.1800
	96.8200
	4.0400
	
	
	
	
	
	
	
	Inductively coupled plasma-optical emission spectrometry (ICP-OES)
	(Neyestani et al. 2016)

	Iran
	18
	6.1200
	2.6300
	0.1400
	0.0410
	7.3500
	2.8000
	37.4300
	20.6300
	0.0500
	0.0210
	
	
	
	
	
	inductively coupled plasma mass spectrometry(ICP–MS)
	(Abbasi et al. 2019)

	Iran
	9
	
	
	0.3800
	0.0300
	4.1900
	0.5200
	55.4600
	1.3800
	
	
	
	
	
	
	
	flame atomic absorption spectrometer
	(Abdolahpur Monikh et al. 2013)

	Iran
	5
	
	
	
	
	13.1300
	5.0200
	79.5300
	16.1200
	
	
	
	
	
	
	
	inductively coupled plasma atomic emission spectrometry
	(Mohammadi Rouzbahani 2017)

	Saudi Arabia
	21
	
	
	
	
	5.7700
	
	50.9500
	7.1330
	
	
	
	
	
	
	
	inductively coupled plasma mass spectrometry (ICP-MS)
	(Alshemmari &Talebi 2019)

	Saudi Arabia
	12
	283.0000
	96.2200
	
	
	9.3500
	
	3.0700
	0.4298
	
	
	
	
	
	
	
	AAS
	(Alshahri 2017)

	Iran
	3
	
	
	
	
	5.9600
	1.7100
	0.3600
	0.0900
	
	
	
	
	
	
	
	atomic absorption spectrophotometer
	(Sarhadizadeh et al. 2014)

	Iran
	9
	
	
	
	
	
	
	1.8400
	0.5200
	0.0100
	0.0050
	
	
	
	
	
	inductively coupled plasma - optical emission spectrometry (ICP-OES)
	(Rezaei et al. 2021a)

	Iran
	15
	
	
	0.3200
	0.1000
	13.3700
	1.6800
	55.3000
	2.7800
	
	
	
	
	
	
	
	atomic absorption spectrometer (AAS)
	(Monikh et al. 2015)

	Iran
	16
	
	
	0.5600
	0.0616
	14.6600
	
	102.6700
	14.3738
	0.2200
	0.0924
	
	0.25
	0.58
	1.44
	4.81
	Voltammetry and polarography
	(Dehghan Madiseh et al. 2008)

	Saudi Arabia
	4
	
	
	5.1600
	0.6400
	27.0000
	4.3900
	26.7300
	6.5600
	
	
	
	
	
	
	
	atomic absorption spectrophotometer
	(Shriadah 1999)

	Saudi Arabia
	56
	
	
	
	
	4.1900
	4.0000
	3.5000
	2.8500
	
	
	
	
	
	
	
	AAS
	(Almasoud et al. 2015)

	Iran
	15
	
	
	0.3200
	0.1000
	13.3700
	1.6800
	55.3000
	2.7800
	
	
	
	
	
	
	
	atomic absorption spectrometer
	(Monikh et al. 2015)

	Iran
	3
	
	
	1.0000
	0.2500
	0.7400
	0.1800
	
	
	1.2000
	0.3900
	
	
	
	
	
	Atomic Absorption Spectrophotometer (AAS)
	
(Hosseini et al. 2014)

	Iran
	25
	
	
	
	
	
	
	
	
	0.8300
	0.1500
	
	
	
	
	
	atomic absorption spectrometer
	(Sarasiab et al. 2014)

	Iran
	2
	
	
	3.5900
	0.0400
	12.6400
	0.0200
	17.0000
	0.0100
	
	
	
	
	
	
	
	AAS
	(Amini et al. 2013)

	Saudi Arabia
	50
	
	
	3.3200
	4.4400
	14.8000
	7.5700
	12.0800
	7.5500
	0.0600
	0.0400
	
	
	
	
	
	inductively coupled argon plasma analyzer ICAP-OES .
	(Sadiq 2002)

	Qatar
	23
	
	
	
	
	750.0000
	11.0000
	42.7000
	1.9000
	
	
	
	
	
	
	
	Atomic Absorption Spectrophotometer (AAS)
	(Ahmed &Abdel-Moati 2003)

	Saudi Arabia
	22
	
	
	0.1600
	0.1600
	0.9100
	0.5700
	3.9300
	2.2400
	0.0130
	0.0170
	
	
	
	
	
	Inductively Coupled Plasma-Optical Emission Spectrometer-ICP-OES
	(Amin &Almahasheer 2022)

	Iran
	320
	234.9500
	114.1300
	6.5700
	2.8100
	199.8800
	132.8800
	557.8600
	136.7600
	
	
	
	
	
	
	
	ICP-MS
	(Bibak et al. 2021)

	Iran
	7
	
	
	8.0800
	0.8888
	0.8100
	
	
	
	
	
	
	
	
	
	
	atomic absorption spectrophotometer (AAS)
	(Shirneshan et al. 2013)

	Iran
	16
	
	
	7.6400
	0.8404
	
	
	44.2300
	6.1922
	
	
	
	
	
	
	
	Atomic Absorption spectrophotometer Analytic
	(Vosoughi et al. 2005)

	Iran
	18
	5.9200
	4.5500
	0.1500
	0.1500
	7.4200
	6.6900
	71.3800
	59.2500
	0.0200
	0.0100
	0.45
	0.49
	0.37
	1.04
	0.03
	inductively coupled plasma-mass 161 spectrometry (ICP-MS)
	(Jahromi et al. 2021)

	Iran
	12
	
	
	0.4300
	0.0900
	6.0000
	0.5200
	62.9900
	1.3300
	
	
	
	
	
	
	
	SRM 1645 (National Bureau of Standards)
	
(Safahieh et al. 2014)

	Saudi Arabia
	27
	54.0400
	11.2000
	0.3900
	0.1000
	1.8000
	0.5000
	26.5600
	5.9000
	1.0300
	0.2000
	4.16
	1.29
	0.09
	0.39
	2.59
	ICP-MS
	(Alharbi et al. 2017)

	Iran
	35
	5.1900
	2.5900
	0.1100
	0.0400
	8.0700
	2.8100
	57.7700
	30.4400
	1.0900
	0.6700
	
	
	
	
	
	Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES, Australia)
	(Aghadadashi et al. 2019)

	Iran
	12
	
	
	2.3900
	0.2629
	50.0800
	
	59.1300
	8.2782
	
	
	
	16.37
	3.29
	1.34
	
	inductively coupled plasma-atomic emission spectrometry (ICP-AES)
	(Seifi et al. 2019)

	Iran
	36
	
	
	
	
	7.8900
	3.0200
	73.5500
	8.8500
	0.8600
	1.9600
	
	
	
	
	
	inductively coupled plasma mass spectrometry (ICP-MS)
	(Mehr et al. 2020)

	Iran
	48
	
	
	0.5300
	0.0400
	9.5100
	0.7300
	20.1300
	0.8900
	
	
	
	
	
	
	
	Atomic Absorption Spectrophotometer
	(Mirzaei et al. 2020)

	Iran
	9
	
	
	0.1700
	0.0060
	4.3900
	0.3100
	4.6700
	0.2100
	
	
	
	1.04
	5.04
	1.02
	
	inductively coupled plasma–optical emission spectrometry (ICP-OES 700 series, Agilent, USA)
	(Souri et al. 2020)


	Iran
	6
	
	
	
	
	22.0000
	2.1200
	38.0000
	2.7500
	
	
	
	
	1.1
	0.55
	
	inductively coupled plasma optical emission spectrometry
	(Irandoost et al. 2021)

	Iran
	9
	
	
	
	
	30.6700
	1.1500
	
	
	
	
	
	
	
	
	
	Atomic Absorption
	(Biati et al. 2012)

	Iran
	2
	8.0500
	2.7370
	0.3400
	0.0374
	14.7700
	
	62.2700
	8.7178
	
	
	
	
	
	
	
	ICP-Mass
	(Maghrebi et al. 2018)

	Iran
	4
	
	
	
	
	1.5600
	0.4600
	
	
	
	
	
	
	
	
	
	atomic absorption spectrometer
	(Hosseini &Sajjadi 2018)

	Iran
	41
	
	
	5.2600
	1.6300
	394.9000
	41.5500
	4.5600
	0.8500
	
	
	
	
	
	
	
	Atomic Absorption Spectrophotometer (AAS)
	(Arfaeinia et al. 2019)

	Iran
	15
	
	
	2.8940
	0.3183
	90.4970
	
	64.8970
	9.0856
	
	
	
	
	
	
	
	Inductively Coupled Plasma Mass Spectrometer
	(Pourang et al. 2005)

	Saudi Arabia
	15
	
	
	32.7400
	3.6014
	1.7900
	
	1.9500
	0.2730
	
	
	
	3.93
	0.21
	0.23
	
	inductively coupled plasma optical emission spectrometry (ICP-OES)
	(El-Taher &Massoud 2021)

	Iran
	4
	
	
	2.1400
	0.2354
	23.5000
	
	73.6000
	10.3040
	0.1900
	0.0798
	
	
	
	
	
	Polarography
	(Alizadeh &peasant 2010)

	Iran
	30
	
	
	
	
	0.1100
	0.0600
	0.6100
	0.3700
	
	
	
	
	
	
	
	NM[footnoteRef:1] [1:  Not mentioned ] 

	(Saadatmand et al. 2022)

	Iran
	20
	
	
	
	
	
	
	19.7100
	8.6000
	
	
	
	
	
	1.91
	
	Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
	(Asl et al. 2022)













Appendix 5. Source of heavy metals in included studies 
	Source of heavy metals
	Reference

	Persian gulf shipbuilding
	(Elsagh et al. 2021)

	Oil and gas activities near the polluted area
	(Karbasdehi et al. 2016b)

	Transportation activities or oil compounds
	(Einollahipeer et al. 2013)

	Common source due to petrochemical, oil industries in the region and wastes produced by these industrial activities
	(Sedigheh et al. 2021)

	Oil extraction and recent regional, seawater desalination plants
	(Bibak et al. 2018)

	Refineries, petrochemical, industrial effluents
	(Vaezi et al. 2015)

	Industrial effluents, desalinization plants, sewage, irrigation, and urban runoff 
	(El-Sorogy et al. 2016)

	Various port activities like dumping of cargo ships, fishing boats, shipyard and other coastal activities
	(Chaharlang et al. 2012)

	Salinity, temperature and seasonal variation and also sediments characters such as size grain and chemical compound 
	(Salimi et al. 2019)

	Industrial effluents 
	(Janadeleh et al. 2018)

	Anthropogenic activities such as paints of marine ships, corrosion of the marine constructions, landfilling, and construction residuals
	(Mahboob et al. 2022)

	Anthropogenic activities, notably oil spills from exploration and transportation, saline water desalination plants in the al-khobar coast and the industrial activities in al-jubail industrial city to the north
	(Alharbi &El-Sorogy 2017)

	NM[footnoteRef:2] [2:  Not mentioned ] 

	(Pejman et al. 2014)

	Industrial and urban areas
	(Arfaeinia et al. 2016)

	NM
	(Bastami et al. 2015)

	Anthropogenic activities (waste water, refinery and industrialized zoon and urban effluents)
	(Darvishnia et al. 2016)

	Industrial activities
	(Hosseini et al. 2012)

	Indicated lithogenic source for Al, Fe, and Mn, and combined lithogenic and anthropogenic sources, including the weathering of rocks, agricultural runoff, and untreated domestic sewage for Hg, Cd, Cr, As, Se, Cu, Sb, Pb, Ni, and Zn.
	(Al-Hashim et al. 2021)

	Painting, repair of ships and the adjacent industrial wastewater, the petrochemical industries
	(Abdollahi et al. 2013)

	Anthropogenic activities (due to human refuse, shipping, transportation, transit of oil carriers, fishery, fuel smuggling, industrial sewage from factories near the study area such as Al-Mahdi aluminum factory, lead and zinc Qeshm factory and hormozgan cement factory)
	(Mirza et al. 2019)

	NM
	(Karbasdehi et al. 2016a)

	Various land and sea activities, mismanagement of solid wastes and discharge of various industrial and municipal wastewaters
	(Allami et al. 2020)

	The painting process in the docks and also the release of these elements, from the color of the hull of the ships and vessels, are of terrestrial origin. Man-made sources of these metals, most of the soil erosion in coastal basins and pollution caused by industrial, agricultural and urban sources in watersheds.
	(Akbar &Mohammad 2011)

	Different types of exploitation, industrial sources, and shipping activities
	(Dehghan Madiseh et al. 2009)

	Human activities including human refuse, shipping, transportation, fuel smug gling, and industrial wastewater discharges from factories located around hara biosphere reserve, such as al-mahdi aluminum factory, lead and zinc qeshm factory and hormozgan cement factory
	(Zarezadeh et al. 2017)

	Anthropogenic activities, notably petrochemical industries, oil spills, desalination plants and landfilling due to coastal infrastructure development in the dammam-al-jubail coast
	(El-Sorogy et al. 2018)

	Oil 
	(Basaham 2010)

	Tremendous traffic of oil tankers, enormous discharges of petrochemical units, agricultural activities and urban developing
	(Hosseini et al. 2015)

	Non-pollutant sources
	(El Tokhi et al. 2015)

	Oil fields and the industrial area
	(Al Rashdi et al. 2015)

	Anthropogenic activities such as industrial sewage and shrimp farming effluents
	(Sharifinia et al. 2018)

	Sewage and shrimp farming effluents
	(Lahijanzadeh et al. 2019)

	Dredging and land filling, sewage, and oil pollution are the most important sources of pollution in the study area.
	(Youssef et al. 2015)

	Oil activities
	(Rezaei et al. 2021b)

	Anthropogenic activities
	(Karbassi &Bayati 2005)

	NM
	(El-Sorogy et al. 2021)

	NM
	(Pourkerman et al. 2017)

	Petrochemical plant
	(Pejman et al. 2017)

	Exploration, exploitation, and refining of oil and petrochemical industries
	(Delshab et al. 2017)

	NM
	(Neyestani et al. 2016)

	Human activity
	(Abbasi et al. 2019)

	Petrochemical sewage
	(Abdolahpur Monikh et al. 2013)

	Oil transportations, and polluted rivers
	(Mohammadi Rouzbahani 2017)

	NM
	(Alshemmari &Talebi 2019)

	Desalination plant
	(Alshahri 2017)

	Inadequate sewage treatment, livestock waste, industrial effluents, and agricultural runoff
	(Sarhadizadeh et al. 2014)

	Mangrove leaves
	(Rezaei et al. 2021a)

	Anthropogenic activities
	(Monikh et al. 2015)

	NM
	(Dehghan Madiseh et al. 2008)

	Islands inside abu dhabi, umm al-quwain, ras alkhaimah, and khor khuwair creeks
	(Shriadah 1999)

	Industrial activities
	(Almasoud et al. 2015)

	Industrial, shipping and irrigation purposes 
	(Monikh et al. 2015)

	Oil-related activities
	(Hosseini et al. 2014)

	Various refineries, petrochemical, and oil industries
	(Sarasiab et al. 2014)

	Domestic sewage, industrial waste and other types of pollutants
	(Amini et al. 2013)

	Nearby oil field, desalination plant
	(Sadiq 2002)

	Sewage effluents, industrial discharge, oil activities and harbors
	(Ahmed &Abdel-Moati 2003)

	Anthropogenic activities
	(Amin &Almahasheer 2022)

	Gas and petrochemical industries
	(Bibak et al. 2021)

	NM
	(Shirneshan et al. 2013)

	Total petroleum hydrocarbon, (tph), total organic carbon (toc) and polyaromatic hydrocarbon (pah) 
	(Vosoughi et al. 2005)

	Crude oil transporting tankers, urban and agricultural wastewaters, and emissions form ship traffics and boats engines
	(Jahromi et al. 2021)

	NM
	 
(Safahieh et al. 2014)

	Al-khafji desalination plant in the northern part, landfilling and industrial sewage in the central part, and the oil spill from khafji joint operations (kjo) in the southern part
	
(Alharbi et al. 2017)

	Anthropogenic inventories
	(Aghadadashi et al. 2019)

	Gas and oil refinery and petrochemical activities
	(Seifi et al. 2019)

	Petrochemical units
	(Mehr et al. 2020)

	Boats and ferries traffic, discharge of municipal and industrial wastewater, medical solid wastes, and rivers 
	(Mirzaei et al. 2020)

	Petroleum, refinery, and transportation activities 
	(Souri et al. 2020)

	Petrochemical and industrial activities
	(Irandoost et al. 2021)

	Industries, agricultural wastewaters and gasoline-powered vehicles
	(Biati et al. 2012)

	Biosynthetic activities
	(Maghrebi et al. 2018)

	Petrochemical units and oil industries
	(Hosseini &Sajjadi 2018)

	Industrial and agricultural regions
	(Arfaeinia et al. 2019)

	Anthropogenic inputs
	(Pourang et al. 2005)

	Oil refinery and gas plant 
	(El-Taher &Massoud 2021)

	Petrochemical factories, fishing activities, shipbuilding and dyeing industries in the region
	(Bibak et al. 2018)

	Oil contaminants
	(Saadatmand et al. 2022)

	From various mixed anthropogenic sources such as shipping, dry and wet atmospheric deposition, oil and petroleum seeps, oil/water separators on production units, discharge of ballast water from the oil tanker and other ships, leachate generated from municipal solid waste, municipal wastewater and fisheries developments
	(Asl et al. 2022) 






Appendix 6. Pollution grades of the geoaccumulation index (Igeo) (Barbieri 2016).
	Grade of Igeo
	Value of Igeo
	Degree of contamination

	
	Igeo≤0
	Uncontaminated

	1
	0<Igeo≤1
	Slightly contaminated

	2
	1<Igeo≤2
	Moderately contaminated

	3
	2<Igeo≤3
	Considerably contaminated

	4
	3<Igeo≤4
	Severely contaminated

	5
	4<Igeo≤5
	Extremely contaminated

	6
	5<Igeo
	Seriously contaminated
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