[bookmark: _GoBack]Table S1. Systematic review on toxic trace metals in toenails. Main characteristics of included research studies by publication year (all the reports of the same research study are presented together in the position of firstly published article)  

	Reference
	Project
	Metals
	Study design
	Nº
	Pop. Sam Meth
	Participant characteristics
	IC
	EC
	Other biomarkers
	Toenail preparation
	Toenail
type 
	Analyt. 
Method
	LD
	LQ
	QQ
	Main
 objective

	Masironi-1976
New Guinea
	
	Al
	Cross
	157
	CS
	Residents along the Blackwater-Korosameri and the Wogupmeri-Karawari river (high calcium content)
	 
	 
	 
	Washed in 3% analytical grade hydrogen peroxide in absolute alcohol.
	Big toes
	NAA
	
	
	
	Health effects

	Suzuki-1989
Japan
	
	Hg
	Cross
	22
	CS
	Male and females 23-56 year-old: teachers, students and laboratory workers
	Y
	 
	Hair
Fingernails
	Dried, HCl digestion
	All toes
	Magos’ method
	Y
	
	Y
	BM evaluation

	Garland-1993
USA
	NHS I
	Al Cr Hg 
	Coh.
	127
	CS
	Incident breast cancer female cases & age-matched controls in NHSI cohort (30-55 years).
	 
	 
	 
	Cleaned by sonication in deionized water
	All toes
	INAA
	
	
	
	BM evaluation

	Garland-1996
USA
	
	Cr 
	N C/C
	866
	CS
	Garland 1993 breast cancer cases & control participants
	 
	 
	 
	Cleaned with deionized water using a sonicator
	All toes
	INAA
	
	
	
	Health effects

	MacIntosh-1997
USA
	
	Hg
	Coh.
	785
	CS
	Women controls from Garland 1993, men from heart disease study
	 
	 
	 
	Cleaned with deionized water using a sonicator
	All toes
	INAA
	
	
	
	BM evaluation

	Wilhelm-1991
Germany
	Duisburg/
Westfalen
children
	Cd Pb
	Cross
	461
	CS
	Children, 3-7 years living in an industrialized area (Duisburg) or a rural area (Westfalen)
	 
	 
	Scalp hair
	Washed in Triton, bidistilled water and acetone/methanol, digested with HNO3
	All toes
	AAS
	
	
	Y
	BM evaluation

	Wilhelm-1994
Germany
	
	Cd Pb 
	Coh.
	47
	CS
	Children of Wilhelm-1991, two years later, and their parents.
	 
	 
	Scalp hair
	Washed in Triton solution, bidistilled water and acetone/methanol, digested with HNO3
	All toes 
	AAS
	
	
	Y
	BM evaluation

	Alfthan-1997
Finland
	
	Hg (methyl Hg)
	Cross
	111
	P
	Urban sea population and rural lake population
	Y
	Y
	Blood 
Scalp hair
	Washing with detergent, sonicated, washed with purified water and dried. Dissolved in nitric and sulphuric acids, heating, then cooling and then KMnO4 added 
	All toes
	CVAAS
	Y
	
	Y
	BM evaluation

	Rakovic-1997
Czech Republic
	
	Al Cr Hg
	Cross
	262
	CS
	Mixed group (Patients of the faculty hospital, pregnant women, retired persons, students) 13-89 years
	Y
	 
	Scalp hair
Pubic hair
	Washed in acetone and deionized water 
	NS
	INAA
	
	
	Y
	BM evaluation

	Aguiar-2001
Brazil
	
	Al Cd Cr
	Cross
	32
	CS
	Cystic fibrosis and healthy children (1-12 years old) 
	 
	 
	Fingernails
	Scintillation flask with non-ionic detergent
Triton X100 solution & mechanical shaking. Washed with distilled water and acetone
	NS
	INAA
	
	
	Y
	BM evaluation

	Guallar-2002
8 European countries and Israel

	EURAMIC
	Hg
	C/C
	1408
	P
	Men 70 years-old or younger native residents 
	Y
	Y
	 
	
	All toes
	INAA
	Y
	
	Y
	Health effects

	Guallar-2005 
8 European countries and Israel
	
	Cr
	C/C
	1412
	CS
	Men with a first acute myocardial infarction, and male controls < 70 years
	Y
	Y
	 
	 
	All toes
	INAA
	Y
	
	Y
	Health effects

	Bergomi-2002
Italy
	 
	Cd Pb
	C/C
	62
	CS
	Incident amyotrophic lateral sclerosis cases & age-sex matched controls
	Y
	Y
	 
	Washed with Triton solution in a sonicator and then with deionized water
	 NS
	ICP-OES 
	
	
	Y
	Health effects

	
	
	Cr Al
	
	
	
	
	
	
	 
	
	
	INAA
	
	
	
	

	Platz-2002 
USA
	CLUE II
	Cd 
	N C/C
	342
	CS
	Incident prostate cancer cases among cohort members, and healthy male participants, >45 years
	Y
	 
	 
	Digested with nitric acid by using a microwave digestion system
	Big toe
	AAS
	
	
	
	Health effects

	Ritchie-2002
UK
	 
	Hg
	Cross
	360
	RS/ Vol
	Dentists in the west of Scotland and matched controls
	 
	 
	Pubic hair 
Head hair
Fingernails
Urine
	
	 NS
	CVAAS
	
	
	
	Health effects

	Yoshizawa-2002
USA
	HPFS
	Hg
	Coh
	934
	CS
	 Male health professionals aged 40 -75 years
	Y
	Y
	 
	Cleaned by sonication in deionized water
	All toes
	NAA
	
	
	
	Health effects

	Joshi-2003
USA
	
	Hg
	Coh.
	579
	CS
	Men from Yoshizawa 2002
	Y
	Y
	 
	Cleaned by sonication in deionized water
	All toes 
	NAA
	
	
	
	BM evaluation

	Menezes-2004
Brazil
	Brazil
galvanizing
factory
	Al Cr Hg 
	Cross
	48
	CS
	Workers in galvanizing factories & non-exposed subjects
	 
	 
	Hair
	Washed and dried
	NS
	INAA
	
	
	Y
	BM evaluation

	Morton-2004 
UK
	 
	Hg
	C/C
	335
	RS
	UK dentists and socioeconomically similar reference population
	 
	 
	Head hair
Pubic hair
Fingernails
Urine
	Washed overnight with Triton X-100 and dried digestion with nitric acid
	 NS
	ICP-MS
	
	
	Y
	BM evaluation

	Ritchie-2004
UK
	 
	Hg
	Cross
	360
	RS
	Dentists in the west of Scotland and unmatched controls
	 
	Y
	Head hair 
Pubic hear
Fingernails
Urine
	Washed overnight with Triton X-100 and dried digestion with nitric acid
	 NS
	CVAAS
	
	
	
	BM evaluation

	Anwar-2005
Pakistan
	 
	Cd Pb
	Cross
	160
	CS
	Healthy residents visiting basic health units for check-ups
	Y
	Y
	Hair
	Cleaned with neutral detergent and rinsed with deionized water, dried and digested with nitric acid
	All toes
	ICP-MS
	
	
	Y
	BM evaluation

	Bergomi-2005
Italy
	MELANOMA
Case-Control
study
	Cd Pb 
	C/C
	116
	CS
	Incident melanoma cases & sex-age matched population based controls
	Y
	 
	 
	Washed with Triton solution in a sonicator and then digested in nitric acid and deionized water
	NS
	ICP-OES 
	
	
	Y
	Health effects

	
	
	Cr
	
	
	
	
	
	
	
	
	
	INAA
	
	
	
	

	Vinceti-2005
Italy
	
	Cd Pb 
	C/C
	116
	CS
	Participants of Bergomi 2005
	Y
	 
	 
	Washed in Triton solution, deionized water & HNO3 digestion 
	Left foot
	ICP-OES
	
	
	
	Health effects

	
	
	Cr
	
	
	
	
	
	
	
	Cleaned with diethyl-ether, bidistilled water & acetone
	Right foot
	INAA
	
	
	
	

	Karpas-2005a
Finland
	 
	U
	Cross
	205
	P
	People 18-81 years from 134 different households drinking water from drilled wells
	 
	Y
	Urine 
Hair
	Rinsed with non-polar detergent in an ultrasonic bath, repeated twice, then acetone and water. Then digested with nitric acid and hydrogen peroxide
	 NS
	ICP-MS
	
	
	Y
	BM evaluation

	Karpas-2005b
Finland
	 
	U
	Cross
	45
	P
	People drinking high and low levels of U
	 
	Y
	Urine 
Hair
	Rinsed with non-polar detergent in an ultrasonic bath, repeated twice, then acetone and water. Then digested with nitric acid and hydrogen peroxide
	 NS
	ICP-MS
	
	
	Y
	BM evaluation

	Rainska-2005
Poland
	 
	Al U 
	Cross
	26
	CS
	Workers in a phosphatic fertilizer plant & controls
	 
	 
	Hair
	Washed in acetone–water–water–water–acetone
	 NS
	INAA
	
	
	Y
	BM evaluation

	Slotnick-2005
USA
	 
	Al Cr Ni Cd Tl Pb
	Cross
	259
	CS
	Arab American adults and children residing in a highly industrialized area
	 
	 
	 
	Washing, rinsed with acetone, digested in HNO3
	All toes
	ICP-MS
	
	
	Y
	BM evaluation

	Aghdassi-2006
Canada
	 
	Cr
	Cross
	104
	CS
	Patients with HIV infection and healthy controls
	Y
	Y
	Plasma 
Urine
	Washed in Hexane, Ethanol and rinsed with deionized water. Digested in a nitric acid solution 
	NS
	AAS
	
	
	
	BM evaluation

	Karpas-2006
Finland
	 
	U
	Cross
	 35
	P
	 NS
	 
	Y
	Urine 
Hair
	Rinsed with non-polar detergent in an ultrasonic bath. Digested with nitric acid & hydrogen peroxide
	NS
	MC ICP-MS & ICP-QMS
	Y
	
	Y
	BM evaluation

	Rainska-2007
Poland
	 
	Al Cr Hg 
	Cross
	33
	CS
	Subjects living near a fertilizer plant & controls
	 
	 
	Hair
	Washed in acetone–water–water–water–acetone+ultrasound bath
	NS
	INAA
	
	
	Y
	BM evaluation

	Björkman-2007
Norway
	 
	Hg (total)
	Cross
	29
	CS
	Deceased individuals aged 47-91 years
	 
	Y
	Pituitary
Thyroid
Abdominal muscle
	Microwave assisted digestion with nitric acid
	All toes
	ICP-MS 
	
	
	Y
	BM evaluation

	
	
	
	
	
	
	
	
	
	Brain
Blood
	
	
	CVAFS
	
	
	
	

	Ohno-2007
Japan
	 
	Hg
	Cross
	59
	Vol
	Women aged 19-20 years
	Y
	Y
	Hair 
Urine
	Rinsed with acetone, acid digestion
	NS
	CVAAS
	Y
	
	
	BM evaluation

	Vinceti-2007
Italy
	 
	Cd
	C/C
	98
	ConS
	Prostate cancer patients (43-83 years) recruited after prostate surgery and controls from hospital
	Y
	Y
	 
	Washed with Triton X 100 solution, cleaned by sonication in deionized water
	NS
	AAS
	
	
	Y
	Health effects

	Hinwood-2008
Australia
	 
	Al Cd Pb
	Cross
	54
	P
	Residents in an acid sulfate soil-affected area using a bore (groundwater)
	Y
	 
	Hair 
Urine
	Digested in nitric acid
	All toes
	ICP-MS
	
	
	Y
	BM evaluation

	Choi-2009
Denmark
	 
	Hg (methylHg)
	Cross
	42
	Vol
	Faroese whaling men aged 30-70 years
	Y
	Y
	Blood 
Hair
	Cleaned by sonication in deionized water
	All toes
	CVAAS
	
	
	Y
	Health effects

	Goulle-2009
France
	 
	Be Al Cr Ni Cd Hg Pb Tl U
	Cross
	50
	Vol
	Healthy volunteers of both sexes
	 
	 
	Fingernails
	Washed with water, acetone decontamination, HNO3 digestion
	NS
	ICP-MS 
	Y
	
	
	BM evaluation

	Were-2009
Kenya
	 
	Pb Cd 
	Cross
	33
	CS
	 Children <6 years in urban and rural areas in Kenya
	Y
	 
	Fingernails
	Soaked in non-ionic liquid soap, acetone & rinsed in deionised distilled water.  Digestion with HNO3
	NS
	AAS
	Y
	
	Y
	BM evaluation

	Al-Saleh-2011
Saudi Arabia
	 
	Hg 
	Cross
	162
	CS
	Children aged 5-15 years with and without amalgam fillings
	Y
	Y
	Urine 
Hair
	Cleaned with Triton X-100, rinsed with acetone. Digested with nitric acid, hydrogen peroxide 
	NS
	AAS with vapor generator accesory system
	
	
	Y
	BM evaluation

	Duncan-2011
UK
	 
	Hg
	Coh
	1391
	Vol
	Staff in dental practices 
	 
	 
	Head hair 
Pubic hair
Fingernails
	No cleaned
	NS
	NAA until 1982 CVAAS thereafter
	
	
	Y
	BM evaluation

	Gibb-2011
Ukraine
	 
	Hg
	Cross
	57
	CS
	Nurses and their relatives resident in the cities of Ukraine Horlivka and Artemivsk
	 
	Y
	Urine
Blood
Hair
Fingernails
	Washed with distilled deionized water and ethanol. Sonicated in 10% Triton and HNO3
	NS
	CVAFS
	
	
	Y
	BM evaluation

	Johnson-2011
USA
	 
	Cr Ni
	Cross
	239
	P
	Residents of 23 rural Appalachian Kentucky counties and from efferson County, >30 years 
	Y
	Y
	 
	Cleaned by ultrasonication in acetone, citranox (metal free acidic detergent), deionized water. 
	NS
	ICP-MS
	
	
	Y
	Health effects

	Mozaffarian-2011
USA
	NHS I + HPFS 
	Hg
	N C/C
	6854
	CS
	Incident cardiovascular disease or stroke cases & age-race-smoking cohort matched control (dentist excluded)
	Y
	Y
	 
	Cleaned by sonication in deionized water
	All toes
	NAA
	
	
	
	Health effects

	Mozaffarian-2012
USA
	
	Hg
	Coh
	6045
	CS
	Mozaffarian 2011 participants (hypertension at toenail sampling excluded) +new set of controls
	Y
	Y
	 
	Cleaned by sonication in deionized water
	All toes
	NAA
	
	
	
	Health effects

	Mozaffarian-2013
USA
	
	MethylHg 
	Coh
	9267
	CS
	Mozaffarian 2011 & 2012 participants (diabetes at toenail sampling excluded)
	Y
	Y
	 
	Cleaned by sonication in deionized water
	All toes
	NAA
	
	
	
	Health effects

	Abdulrahman-2012
Nigeria
	 
	Cr Cd Ni Pb
	Cross
	 NS
	CS
	Assorted volunteers, including workers in an iron welder workshop, alcohol and non-alcohol drinkers
	 
	 
	Hair 
Fingernails
	Cleaned with Triton X-100, soaking in acetone & rinsed with deionized water, digestion with a mixture of HNO3 & HCl
	NS
	AAS
	
	
	Y
	BM evaluation

	Al-Sabbak-2012
Iraq
	 
	Al Cd Cr
 Ni Pb U 
	C/C
	56
	CS
	Parents of children with birth defects &  normal babies born in Al Basrah after 2003 invasion and bombing
	Y
	 
	Hair 
Tooth
	Washed, sonicated in acetone, rinsed several times in deionized water & acetone & reconstituted in HNO4
	NS
	ICP-MS
	
	
	
	BM evaluation

	Amaral-2012
Spain
	PANKRAS-EPICURO
	Al Cr Cd Ni Pb
	C/C
	517
	CS
	Pancreatic cancer cases & hospital-matched controls
	Y
	Y
	 
	HNO3 digestion, H2O2 and deionized water
	NS
	ICP-MS
	
	
	Y
	Health effects

	Coelho-2012
Portugal
	Panasqueira 
Mine
	Cd Cr Ni Pb 
	Cross
	102
	CS
	Adults environmentally &/or occupationally exposed to a mine & age-gender-smoking status matched controls
	Y
	Y
	Blood 
Urine
Hair
Fingernails
	Mechanical cleaning, sonication with acetone, rinse with deionized water and oven-dried. Acid digestion with HNO3
	NS
	ICP-MS 
	
	
	Y
	BM evaluation


	Coelho-2014
Portugal
	
	Cd Cr Hg Ni Pb
	Cross
	122
	CS
	Environmentally exposed, occupationally exposed and controls, >18 years,>5 years living in the area
	Y
	Y
	Blood
Hair
Urine
Fingernails
	Acid digestion with closed vessel, microwave assisted, HNO3 addition.
	NS
	ICP-MS 
	
	
	Y
	BM evaluation

	Hinners-2012
USA
	AMIBS
	Hg
	Coh
	43
	P
	Females aged 18-45 years residents near Puget Sound (Washington) 
	Y
	Y
	Hair
	Cleaned with alcohol, microwave acid digestion
	Big toe
	AAS
	Y
	
	Y
	BM evaluation

	Mordukhovich-2012
USA
	NAS
	Cd Hg Pb
	Cross
	639
	CS
	Healthy males
	Y
	Y
	 
	Sonicated in Triton-x solution, rinsed with distilled deionized water
	All toes
	ICP-MS
	
	
	Y
	BM evaluation

	O'Rorke-2012
Irland
	FINBAR
	Cr Hg 
	C/C
	534
	CS
	Esophageal adenocarcinoma cases, Barretts esophagus patients  & age-matched randomly selected controls
	 
	Y
	 Serum
	Washed with deionised water and 10% nitric acid using a sonicator
	Big toes
	INAA
	
	
	Y
	Health effects

	Przybylowicz-2012
Poland
	 
	Cd Cr Ni Pb  
	Cross
	42
	Vol
	Healthy men and women volunteers
	 
	 
	Hair 
Fingernails
	Washed in water, Triton X-100, water, methanol in an ultrasonic bath. HNO3 digestion
	NS
	ICP-MS
	Y
	Y
	Y
	BM evaluation

	He-2013
USA
	CARDIA trace element study cohort
	Hg
	Coh
	3875
	CS
	American young adults (20-32 years) free of diabetes
	 
	 
	 
	Cleaned by sonication in deionized water
	All toes
	INAA
	Y
	
	
	Health effects

	Bai-2015
USA
	
	Cr 
	Coh
	3648
	CS
	He 2013 participants
	Y
	Y
	 
	Washing in a sonicator with 10% nitric acid and deionized water, then rinsed and freeze dried
	All toes
	INAA
	Y
	
	Y
	Health effects

	Park-2016
USA
	
	Hg Cr
	Coh
	3960
	CS
	He 2013, Bai 2015 participants
	Y
	Y
	 
	Washing in a sonicator with HNO3 & deionized water, then rinsed
	All toes
	ICP-MS
	
	
	
	BM evaluation

	Saat-2013
Malasya
	 
	Cd Pb Ni
	Cross
	80
	CS
	Vegetable farmers (18-80 years) from a list of registered farmers working >1 year 
	 
	 
	Hair 
Fingernails
	Soaked in triton 100 & acetone, rinsed with deionized water & acetone, digested in HNO3 & H2O2
	NS
	ICP-MS
	
	
	
	BM evaluation
Health effects

	Grashow-2014
USA
	 
HARVARD BOILERMARKERS
	Cd Pb Ni 
	Cross
	48
	CS
	Welders (both sex)
	 
	 
	 
	Sonicated in 1% Triton X-100 solution, rinsed repeatedly in Milli-Q water, digested in HNO3
	All toes 
	ICP-MS
	Y
	
	Y
	BM evaluation

	Wong-2014
USA
	
	Pb Cd  
	Coh
	87
	CS
	Boilermakers, male, unionized apprentices or journeymen, > 18 years of age
	 
	Y
	 
	 
	All toes 
	ICP-MS
	
	
	Y
	Health effects

	Wong-2015
USA
	
	Pb Cd Ni
	Coh
	25
	CS
	Wong 2014 participants
	 
	Y
	 
	 
	All toes 
	ICP-MS
	
	
	Y
	Health effects

	Hsi-2014
Taiwan
	 
	Hg, methylHg
	Coh
	83 pairs
	CS
	Mother-infant pairs of uncomplicated pregnancies
	Y
	Y
	Meconium 
Hair
Fingernails
	Rinsed with deionized water after sonication with neutral detergent. Digested with HCl and CH2Cl2
	NS
	MERX integrated automated MeHg analyzer
	Y
	
	Y
	Health effects

	Kuiper-2014
Qatar
	 
	Cd, Pb, U
	Cross
	239
	CS
	Young healthy Qatar male farmers
	Y
	Y
	Urine
	Cleaning with sonication and rinsed with acetone. Digestion with HNO3 and heat.
	All toes
	ICP-MS
	Y
	
	Y
	BM evaluation

	Ndilila-2014
Zambia
	 
	Cd Ni Pb 
	Cross
	86
	CS
	People living in a copper mining area non occupationally exposed and people living in a non-mining area (controls) (21-30 years)
	 Y
	Y
	 
	Washed, acetone & rinsed with Milli-Q water, digested in HNO3 & H2O2
	All toes
	ICP-MS 
	
	
	Y
	BM evaluation

	Sanders-2014
Vietnam
	 
	Cd Cr Hg Pb
	Cross
	20
	CS
	Children 1.5-4 years living in close proximity to domestic Pb smelters and/or had parents whose work included grinding the plastic cases of automobile batteries.
	Y
	Y
	Blood
	Washed with double distilled water, acetone, digestion with HNO3 & HCl 
	NS
	ICP-MS
	
	
	
	BM evaluation

	Cardenas-2015
USA
	

NHBCS
	Hg 
	Cross
	138
	CS
	Pregnant women 18-45 years and their infants
	Y
	Y
	 
	Digested nitric acid followed by the addition of hydrogen peroxide 
	NS
	ICP-MS
	Y
	
	Y
	Health effects

	Nygaard-2017
USA
	
	Cd
	Cross
	 63
	CS
	Cardenas 2015 participants
	Y
	Y
	 
	Washed in an ultrasonic bath using Triton X-100  and acetone followed bydeionized water
	NS
	ICP-MS
	Y
	
	Y
	Health effects

	Chanpiwat-2015
Cambodia
	 
	Cr Ni Pb
	Cross
	180
	CS
	People living in contaminated and no contaminated villages
	Y
	Y
	Hair 
Urine
	Immersed in 1% Triton X-100, sonicated, washed with milli-Q water, digested with HNO3
	NS
	ICP-MS
	Y
	
	Y
	BM evaluation

	Maccani-2015
USA
	RICHS
	Hg
	Coh
	41
	CS
	Healthy mothers with singleton, viable, non-pathologic pregnancies born at≥37 weeks gestation 
	Y
	Y
	Placenta
	Washed with acetone, Triton X-100 and three times with DI-water
	All toes
	CV-ICP-MS
	
	
	Y
	Health effects

	Everson-2016
USA
	
	Cd
	Coh
	242
	CS
	Maccani 2015 participants
	Y
	Y
	 
	Washed in a Triton X-100 & acetone, deionized water, digested with HNO3
	All toes
	ICP-MS
	
	
	Y
	Health effects

	Everson-2017
USA
	
	Cd
	Coh
	173
	CS
	Maccani 2015, Everson 2016 participants
	Y
	Y
	 
	Washed in a Triton X-100 & acetone, deionized water, digested with HNO3
	All toes
	ICP-MS
	
	
	Y
	Health effects

	Mohmand-2015
Pakistan
	 
	Pb Cr Ni Cd
	Cross
	30
	CS
	People living in rural, urban and industrial areas of Punjab
	 
	Y
	Hair 
Serum
	Nitric acid digestion
	NS
	ICP-MS
	
	
	Y
	BM evaluation

	Sakamoto-2015
Japan
	 
	Hg
	Coh
	54
	CS
	Pregant women without occupational exposure
	Y
	Y
	Fingernails
Blood
Hair
	Acid digestion
	NS
	CVAAS
	Y
	
	Y
	BM evaluation

	Sanders-2015
Mexico
	PROGRESS
	Hg
	Coh
	40
	CS
	Pregnant women (18-40 years)
	Y
	Y
	 
	
	NS
	AAS
	
	
	
	Health effects

	Schreier-2015
Mexico
	 
	Hg
	Coh
	732
	CS
	Pregnant women over 18 years
	Y
	Y
	 
	Cleaned, no digestion or pretreatment
	NS
	AAS
	Y
	
	Y
	Health effects

	Brockman-2016
USA
	 
	U
	Cross
	13
	Vol
	Occupationally exposed workers and control volunteers
	Y
	Y
	Hair 
Fingernails
	Digested in nitric acid hydrogen peroxide using a microwave digestion system
	NS
	MC-ICP MS
	Y
	
	
	BM evaluation

	Hashemian-2016
Iran
	
GCS
	Hg Cr 
	Cross
	30
	CS
	 Participants died in accidents
	 
	 
	 
	Cleaned in a sonicator with acetone, nitric acidand sonicated with water
	 
	INAA
	
	
	Y
	BM evaluation

	Hashemian-2017
Iran
	
	Cr Hg 
	N C/C
	443
	CS
	Incident esophageal cancer cases  & sex-age-matched control
	Y
	Y
	 
	
	All toes
	INAA
	
	
	Y
	Health effects

	Lee-2016
USA
	 
	Al Hg
	Cross
	73
	Vol
	Healthy
adults (both sex) aged 20–39 years
	Y
	Y
	 
	Washed with acetone, then demineralized water in a sonicator, rinsed and freeze-dried
	NS
	INAA
	
	
	Y
	BM evaluation
Health effects

	Loh-2016
USA
	 
	Pb
	Cross
	60
	CS
	Children aged 1–11 years residents within a 5-mile radius of the geographic median between the Iron King Mine and Humboldt Smelter 
	 
	 
	Urine 
Blood
	Sonicated in acetone, rinsed with ultrapure water; & sonicated in Triton-X. Microwave digested with nitric acid
	NS
	ICP-MS
	
	
	Y
	BM evaluation

	Park and Seo-2016
Korea
	SELEN
	Hg
	Coh
	501
	CS
	Korean adults 35 years or older
	Y
	Y
	 
	Washed in a sonicator with deionized water
	All toes
	INAA
	
	
	Y
	Health effects

	Park and Seo-2017
Korea
	
	Hg
	Coh
	501
	CS
	Park and Seo 2016 participants
	Y
	Y
	 
	Washed in a sonicator with deionized water
	All toes
	NAA
	
	
	Y
	Health effects

	Jang-2017
Korea
	
	Hg
	Coh
	501
	CS
	Park and Seo 2016 participants
	Y
	Y
	
	Washed in a sonicator with deionized water
	All toes
	INAA
	
	
	Y
	BM evaluation

	Punshon 2016
USA
	NHBC
	Cd Pb
	Cross
	687
	CS
	Recent mothers (2 weeks post-partum)+ 8 weeks newborns residing & drinking well water in New Hampshire (As in water)
	Y
	Y
	Placenta
	Manual removal of visible dirt, ultrasonic bath using Triton X-100, acetone, deionized water, and dry.
	NS
	ICP-MS
	
	
	Y
	BM evaluation

	Downer-2017
Spain
	PREDIMED
	Hg
(methyl Hg)
	N C/C
	414
	CS
	Participants with cardiovascular disease age and sex-matched controls 
	Y
	Y
	 
	
	NS
	INAA
	
	
	
	Health effects

	Gutierrez-Bedmar-2017
Spain
	
	Cr
	N C/C
	418
	CS
	Cases with cardiovascular disease and age- sex-matched control
	Y
	Y
	 
	
	
	INAA
	Y
	
	Y
	Health effects

	Karatela-2017
New Zeland
	PIF
	Hg 
	N C/C
	278
	P
	Children aged 9 year-old residents in New Zealand
	 
	 
	 
	Washed with acetone, deionized distilled water, acetone, sonication & decantation. Dried in oven. Digestion with nitric acid
	All toes 
	ICP-MS
	
	
	Y
	Health effects

	Meramat-2017
Malaysia
	TUA
	Al Cd Cr Pb 
	Cross
	235
	CS
	Malaysian subjects > 60 years participants in a study on healthy longevity
	Y
	Y
	 
	Washed in triton-X, deionized water, acetone; rinse in deionized water; dried in oven;digest(nitric acid&H2O2)
	All toes
	ICP-MS
	
	
	Y
	Health effects

	Sureda-2017
Spain
	 
	Cr Ni Hg
	Cross
	100
	CS
	Active and inactive adults 55-80 years with no previous cardiovascular disease
	Y
	Y
	 
	Cleaned with acetone, distilled deionized water & acetone again 
	 NS
	 INAA
	
	
	Y
	BM evaluation


Project: AMIBS, Arsenic Mercury Intake Biometric Study; CARDIA, Coronary Artery Risk Development in Young Adults study; GCS, Golestan Cohort Study; CLUE II, Cancer and Heart Disease; EURAMIC, European Multicenter Case–Control Study on Antioxidants, Myocardial Infarction and Cancer of the Breast; FINBAR, Factors Influencing the Barrett’s Adenocarcinoma Relationship study; HPFS, Health Professionals Follow-up Study; NAS, Normative Aging Study; NHBCS, New Hampshire Birth Cohort Study; NHS I, Nurses’ Health Study; PANKRAS-EPICURO, Spanish Pancreas Cancer study; PIF, Pacific Island Family study; PREDIMED, PREvention with MEDiterranean Diet; PROGRESS, Cervix Study; RICHS, Rhode Island Child Health Study; SELEN, Trace Element Study of Korean Adults in the Yeungnam area; TUA, Neuroprotective Model for Healthy Longevity among Malaysian Older adults
Metals: Al, aluminum; Be, beryllium; Cd, cadmium; Cr, chromium; Hg, mercury; Pb, lead; Ni, nickel; Tl, thallium; U, urane 
Study: C/C, case-control; Cross, Cross-sectional; Coh, cohort; Longitud., longitudinal; N C/C, Nested case-control
Population Sample method: P, population-based study; CS, convenience sample; ConS, consecutive sampling, RS: randomly selected, Vol: volunteers
IC: Informed consent; Yes (Y), indicates that it is specifically mentioned in the report
EC: Ethical committee approval; Yes (Y), indicates that it is specifically mentioned in the report
Analytical methods: AAS, atomic absorption; CVAAS, cold vapor AAS; CVAFS, cold vapor atomic fluorescence spectrometry; ICP-MS, inductively coupled plasma-mass spectrometry; CV-ICP-MS, cold vapor-ICP-MS; MC-ICP-MS, multicollector-ICP-MS; ICP OES, ICP-optical spectrometry; ICP-QMS, ICP- quadrupole mass spectrometry; INAA, instrumental neutron activation analysis; NAA, neutron activation analysis
LD: limit of detection; Yes (Y), indicates that it is specifically mentioned in the report
LQ: limit of quantification; Yes (Y), indicates that it is specifically mentioned in the report
QQ: quality control procedures; Yes (Y), indicates that it is specifically mentioned in the report
BM: Biomarker
NS: not specified
Table S2. Correlation between metal levels toenails 
	Metals
	Author
	Year
	Al
	As
	Ba
	Cd
	Cr
	Cu
	Fe
	Hg
	Mn
	Mo
	Ni
	Pb
	Sc
	Se
	Tl
	V
	Zn
	U

	Al
	Masironi
	1976
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	r=0.70
	 
	

	
	Hinwood ^
	2008
	 
	+
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Hasheiman º
	2016
	
	
	
	
	r=0.80
	
	r=0.98
	r= -0.38
	
	
	
	
	r=0.99
	NS
	
	
	NS
	

	Cd
	Wilhelm
	1991
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Platz º
	2002
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	NS
	 
	 
	NS
	

	
	Slotnick º
	2005
	 
	 
	 
	 
	r=0.71
	
	 
	 
	 
	 
	 
	r=0.25
	 
	 
	r=0.94
	 
	
	

	
	Hinwood ^
	2008
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	+
	 
	 
	 
	 
	 
	

	
	Coelho º
	2012
	 
	 
	 
	 
	r=0.55
	 
	 
	r=0.64
	r=0.28
	 
	r=0.41
	r=0.53
	 
	r=0.50
	 
	 
	 
	

	
	Mordukhovich ^
	2012
	 
	r=0.39
	 
	 
	 
	 
	 
	NS 
	r=0.49
	 
	 
	r=0.58
	 
	 
	 
	 
	 
	

	
	Grashow ^
	2014
	 
	r=0.37
	 
	 
	 
	 
	 
	 
	 r=0.60
	 
	r=0.28
	 r=0.51
	 
	 
	 
	 
	 
	

	
	Kuiper º
	2014
	
	NS
	r=0.29
	
	
	NS
	
	
	r=0.19
	r=0.16
	
	r=0.16
	
	NS
	
	
	
	r=0.13

	
	Sanders ^
	2014
	 
	 
	 
	 
	 
	 
	 
	 
	r=0.60
	 
	 
	r=0.66
	 
	 
	 
	 
	 
	

	
	Wong ^
	2015
	
	NS
	
	
	
	
	
	
	r=0.58
	
	NS
	r=0.50
	
	
	
	
	
	

	
	Everson
	2017
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	r= -0.18
	 
	 
	 
	

	Cr
	Garland ^
	1996
	 
	 
	 
	 
	 
	 
	r=0.39
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Slotnick º
	2005
	 
	 
	 
	r=0.71
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	r=0.81
	 
	 
	

	
	Coelho º
	2012
	 
	 
	 
	r=0.55 
	 
	 
	 
	r=0.68
	r=0.31
	 
	r=0.58
	r=0.71
	 
	r=0.59
	 
	 
	 
	

	
	Sanders ^
	2014
	 
	 
	 
	 
	 
	 
	 
	 
	r=0.72
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Hashemian º
	2016
	 r=0.80
	 
	 
	 
	 
	 
	r=0.84
	 NS
	 
	 
	 
	 
	r=0.82
	 
	 
	 
	 
	

	Hg
	Maclntosh ^
	1997
	 
	r=0.42
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Coelho º
	2012
	
	
	
	r=0.64
	r=0.68
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Mordukhovich ^
	2012
	 
	r=0.09
	 
	NS
	 
	 
	 
	 
	NS
	 
	 
	NS
	 
	 
	 
	 
	 
	

	
	Hasheiman º
	2016
	r= -0.38
	 
	 
	 
	NS 
	 
	NS 
	 
	 
	 
	 
	 
	r= -0.37
	NS 
	 
	 
	 NS
	

	Ni
	Coelho º
	2012
	 
	 
	 
	r=0.41
	r=0.58
	 
	 
	 
	 
	 
	 
	r=0.49
	 
	r=0.54
	 
	 
	 
	

	
	Grashow ^
	2014
	 
	NS
	 
	r=0.28
	
	 
	 
	 
	r=0.31
	 
	 
	r=0.34 
	 
	 
	 
	 
	 
	

	
	Wong ^
	2015
	
	NS
	
	NS
	
	
	
	
	NS
	
	
	NS
	
	
	
	
	
	

	Pb
	Wilhelm
	1991
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	r=0.25
	

	
	Hinwood ^
	2008
	 
	 
	 
	+
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Coelho º
	2012
	 
	 
	 
	r=0.53
	  r=0.71
	 
	 
	 
	 
	 
	  r=0.49
	 
	 
	r=0.45
	 
	 
	 
	

	
	Mordukhovich ^
	2012
	 
	r=0.45
	 
	r=0.58
	 
	 
	 
	NS 
	r=0.50
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Grashow ^
	2014
	 
	r=0.49
	 
	r=0.51
	 
	 
	 
	 
	r=0.32
	 
	r=0.34
	 
	 
	 
	 
	 
	 
	

	
	Kuiper º
	2014
	 
	r= 0.49 
	r=0.21
	r=0.16
	 
	r=0.64
	 
	 
	r=0.15 
	NS 
	 
	 
	
	NS  
	 
	 
	 
	NS

	
	Sanders ^
	2014
	 
	 
	 
	r=0.66
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Slotnick º
	2015
	
	
	
	r=0.25
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Wong ^
	2015
	 
	NS 
	 
	r=0.50
	 
	 
	 
	 
	r=0.42
	 
	NS 
	 
	 
	 
	 
	 
	 
	

	U
	Rainska
	2005
	 
	r=0.76
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	
	Kuiper º
	2014
	 
	
	r=0.24
	r=0.13
	 
	NS 
	 
	 
	r=0.66 
	r=0.20
	
	 NS 
	 
	r=0.15
	 
	 
	 
	

	Tl
	Slotnick º
	2015
	
	
	
	r=0.94
	r=0.81
	
	
	
	
	
	
	
	
	
	
	
	
	



NS, Non significant (p-value <0.05); +, positive; r, correlation coefficient; ^ Spearman correlation; º Pearson correlation


Table S3. Health effects associated with toenail concentrations of trace toxic metals
	Metal
	Cancer
	Cardiovascular & metabolic
diseases & risk factors
	Neurologic effects or
mental-related problems
	Other effects

	Al
	Pancreatic
	Ø
	Amaral 2012
	Blood pressure
	Ø
	Masironi 1976
	ALS
	Ø
	Bergomi 2002
	Cystic fibrosis
	Ø
	Aguiar 2001

	
	
	
	
	
	
	
	Cognitive imp.
	Ø
	Meramat 2017
	
	
	

	Cd
	Pancreatic
	+
	Amaral 2012
	Blood pressure
	Ø
	Mordukhovich 2012
	ALS
	Ø
	Bergomi 2002
	SGA
	+
	Everson 2016

	
	Melanoma
	Ø
	Bergomi 2005
	
	+
	Saat 2013
	
	
	
	
	
	

	
	
	
	Vinceti 2005
	Arterial compliance
	Ø
	Wong 2015
	Cognitive imp.
	+
	Meramat  2017
	Intraut. growth restriction
	Ø
	Everson 2017

	
	Prostate
	+
	Vincenti 2007
	
	
	
	
	
	
	Cystic fibrosis
	Ø
	Aguiar 2001

	
	
	Ø
	Platz 2002
	
	
	
	
	
	
	Lymphocyte count
	-
	Nygaard 2017

	Cr
	Pancreatic
	Ø
	Amaral 2012
	Metabolic syndrome
	-
	Bai 2015
	ALS
	Ø
	Bergomi 2002
	Barrett's oesophagus.
	Ø
	O’Rorke 2012

	
	Melanoma
	Ø
	Bergomi 2005
	Myocard. infarction
	-
	Guallar 2005
	Cognitive imp.
	-
	Meramat 2017
	HIV
	-
	Aghdassi 2006

	
	
	
	Vinceti 2005
	Blood pressure
	-
	Bai 2015
	
	
	
	Cystic fibrosis
	
	Aguiar 2001

	
	Esophagus
	Ø
	Hasheiman 2017
	Lipid risk profiles
	Ø
	Aghdassi 2006
	
	
	
	
	
	

	
	
	
	O'Rorke 2012
	
	-
	Bai 2015
	
	
	
	
	
	

	
	Breast (Postmen.♀)
	+
	Garland 1996
	CV disease (without diabetes)
	-
	Gutierrez-Bedmar 2017
	
	
	
	
	
	

	Hg
	Esophagus
	-
	Hashemian 2017
	Blood pressure
	+
	Choi 2009
	Expressive language
	-
	Hsi 2014
	Cortisol response
	-(♀)
	Schreier 2015

	
	
	Ø
	O’Rorke 2012
	
	
	Park and Seo 2016
	Psychomotor functioning
	Ø
	Ritchie 2002
	miRNA expression
	-(♀)
	Sanders 2015

	
	
	
	
	
	Ø
	Mozaffarian 2012
	Aggressive behavior
	+
	Karatela 2017
	Barrett's oesophagus.
	Ø
	O’Rorke 2012

	
	
	
	
	
	
	Mordukhovich 2012
	Adverse neurobehavioral outcomes
	+
	Maccani 2015
	Leukocyte count
	+(♀)
	Cardenas 2015
(B-cells)

	
	
	
	
	Myocard. infarction
	+
	Guallar 2002
	
	
	
	
	-
	Cardenas 2015
(monocytes)

	
	
	
	
	Coronary heart disease
	Ø
	Yoshizawa 2002
	
	
	
	
	
	

	
	
	
	
	
	
	Mozaffarian 2011
	
	
	
	
	
	

	
	
	
	
	CV disease
	Ø
	Mozaffarian 2011
	
	
	
	
	
	

	
	
	
	
	
	
	Downer 2017
	
	
	
	
	
	

	
	
	
	
	Diabetes
	+
	He 2013
	
	
	
	
	
	

	
	
	
	
	
	Ø
	Mozaffarian 2013
	
	
	
	
	
	

	
	
	
	
	Metabolic syndrome
	+
	Park and Seo 2016
	
	
	
	
	
	

	
	
	
	
	Lipid risk profiles
	+
	Mozaffarian 2011, 2012
	
	
	
	
	
	

	
	
	
	
	
	
	Lee 2016
	
	
	
	
	
	

	
	
	
	
	
	
	Park and Seo 2017
	
	
	
	
	
	

	Ni
	Pancreatic
	-
	Amaral 2012
	Arterial compliance
	+
	Wong 2015
	
	
	
	
	
	

	Pb
	Pancreatic
	+
	Amaral 2012
	Blood pressure
	Ø
	Mordukhovich 2012
	ALS
	Ø
	Bergomi 2002
	
	
	

	
	Melanoma
	Ø
	Bergomi 2005
	Arterial compliance
	Ø
	Wong 2015
	Cognitive imp.
	+
	Meramat 2017
	
	
	

	
	
	
	Vinceti 2005
	
	
	
	
	
	
	
	
	


Postmen, Postmenopausal; Myocard, Myocardial; CV, cardiovascular; ALS, amyotrophic lateral sclerosis; Imp. Impairment; SGA, Small for Gestational Age; Intraut., Intrauterine; HIV, human immunodeficiency virus; +, Positive; Ø, No association; -, Negative; ♀, women


