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Substance identification
	Substance/group scientific name
	Arsenic & its inorganic compounds

	CAS number
	7440-38-2

	EC number
	231-148-6

	Other names
	Arsene


[bookmark: _Toc522029185]Actors that nominated this substance or substance group
	EU Policy Board
	Countries
	Stakeholder Forum

	EC, DG Employment
	3
	

	
	SP, HU, BE
	


[bookmark: _Toc522029186]Quality of the information submitted
· Gaps in information provided: Good information provided
· Hazard: Hazard data available
· Exposure: Lack of availability of HBM data
· Regulatory status: Regulated
· Public concern: Data provided
· Technical feasibility: Biomarkers available
[bookmark: _Toc522029187]Knowledge gaps and proposed research activities
[bookmark: _Toc522029188]European Commission
To assess the current levels of occupational exposure to arsenic and its inorganic compounds as a means of determining whether existing EU OSH regulatory controls, as transposed into national legislation, are effective in ensuring the protection of workers health.
· Common analytical methods can be used to analyse multiple substances in one matrix
· The substances have a similar toxicological profile
Proposed research activities
· New data on a specific population groups or subgroups
· New approaches to the analysis of existing data
[bookmark: _Toc522029189]Belgium
Evaluation of the toxicity of the different arsenic compounds and appearance in humans, determination of most important sources in Europe. The dose-effect relations with low concentrations are not really known.
Proposed research activities
· New data on a specific population groups or subgroups
· Questionnaires necessary to determine possible sources (especially diet/drinking water) 
· Assessing diurnal variation of urinary biomarkers (of exposure and/or metabolism) 
· Humans can have a different capacity to convert toxic arsenic species into non-toxic. In literature, a number of factors can play a role: folic acid, vitamin B12, Vitamin E, Se, gender.
· Why do humans have a high or a low value of iAs, because of exposition or capacity to convert?
[bookmark: _Toc522029190]Hungary
Arsenic is naturally present at high levels in the groundwater in a number of European countries. The toxicity of the different arsenic species is well known. The high arsenic level in tap water in affected areas has been recognized in the past decades and an intense work has been carried out to develop and apply new techniques to decrease the concentration of arsenic below the limit value. However, there are still concerns in the researcher’s society.
Main research questions:
- What is the health risk associated with the exposure to arsenic through drinking water in the contaminated sites especially water from private wells? Case-control studies should be elaborated to investigate the contribution of arsenic to cardiovascular diseases.
- What is the intake of arsenic from vegetables (sprinkled with water with high arsenic concentration), food (containing ingredients with high arsenic concentration)?
Proposed research activities
· New data on particular chemicals
· New data on a specific population groups or subgroups
[bookmark: _Toc522029191]Spain
It is necessary to have studies in vulnerable populations and studies for a better understanding of the health effects of inorganic arsenic in the population at exposure levels in EU.
Proposed research activities
· New data on particular chemicals
· New data on a specific population groups or subgroups
· New approaches to the analysis of existing data
· Understanding possible health effects of co-exposure to other substances
[bookmark: _Toc522029192]Hazardous properties
[bookmark: _Toc522029193]Current knowledge gaps on hazardous properties
[bookmark: _Toc522029194]European Commission
No information provided.
[bookmark: _Toc522029195]Belgium
EFSA’s scientific opinion (EFSA Panel on Contaminants in the Food Chain (CONTAM) 2009) summarises that Arsenosugars and arsenolipids are mainly metabolised in humans to dimethylarsinate, but no specific information is available regarding their toxicity. For other organoarsenic compounds no human toxicity data are available. Because of the lack of data, arsenosugars, arsenolipids, methylarsonate and dimethylarsinate could not be considered in the
risk characterisation. The CONTAM (Contaminants in the Food Chain) Panel recommended that dietary exposure to inorganic arsenic should be reduced. In order to refine risk assessment of inorganic arsenic there is a need to produce speciation data for different food commodities to support dietary exposure assessment and dose-response data for the possible health effects.
[bookmark: _Toc522029196]Hungary
The health risk associated with the exposure to arsenic through drinking water in the contaminated sites, especially water from private wells, is incomplete.
[bookmark: _Toc522029197]Spain
Influence of the diet in the arsenic susceptibility and health effects.
[bookmark: _Toc522029198]Hazard classifications
	Responses to survey questions on hazard classifications

	IARC classifications

	1

	STOT-RE
	2

	Neurotoxic
	Yes

	Immunotoxic
	Yes 

	Respiratory sensitizer
	Yes

	Endocrine disrupting substance
	Yes



	Classification according to CLP Regulation (EC) No 1272/2008

	Harmonised classification and labelling:

	According to the harmonised classification and labelling (CLP00) approved by the European Union, this substance is toxic if swallowed, is toxic if inhaled, is very toxic to aquatic life and is very toxic to aquatic life with long lasting effects.
	[image: GHS06: Acute Toxicity] [image: GHS09: Hazardous to the Environment]

	Reference: ECHA Substance Information on Arsenic



	Other classifications

	REACH SVHC
	

	Emerging substance
	No

	Substance of very high concern
	Yes 


[bookmark: _Toc522029199]Persistence and bioaccumulation potential
	PBT
	No

	vPvB
	No

	Very Persistent
	No



There is a broad range of chemicals which come within the scope of arsenic acid and its inorganic compounds. Some are CLP category C1A (e.g. arsenic acid and its salts), others may be C1 or C2. It is not practical to list all chemicals and associated CLP classification at this stage. 
Biomonitoring may already be carried out by certain employers, however it is not known whether the results are publicly available.
[bookmark: _Toc522029200]Exposure characteristics
[bookmark: _Toc522029201]Current knowledge gaps on exposure
[bookmark: _Toc522029202]European Commission
To assess the current levels of occupational exposure to arsenic acid and its inorganic compounds as a means of determining whether existing EU OSH regulatory controls, as transposed into national legislation, are effective in ensuring the protection of workers health.
[bookmark: _Toc522029203]Belgium
More detailed analysis of possible determinants of exposure to toxic forms of arsenic. Exploring possible links with environmental data and food consumption data or proximity of sources. 
A better understanding of (potential) sources and determinants of exposure is necessary for targeted reduction measures and sensitization and redirecting questionnaires for future measurement campaigns.
Determinants of exposure to toxic arsenic components + influence on the arsenic methylation process are insufficiently known.
In Flemish Environment and Health Survey (FLEHS): The variation in arsenic compounds is only partially explained:
• Total arsenic in cord blood: 15,5% explained (explaining variables: fish consumption, education, use of alcohol during pregnancy, country of birth)
• Total arsenic in urine of adults: 29,35% explained (explaining variables: mainly: urine density, also education and consumption of shellfish)
• Trivalent arsenic As(III) in urine of adolescents (many below detection limit, multiple imputation): 13% explained (explaining variables: mainly: urine density, also consumption of shellfish)
• Pentavalent arsenic As(V) in urine of adolescents (many below detection limit, multiple imputation): 6% explained (explaining variables: mainly: urine density, also sex and age)
• Monomethylarsonic acid (MMA) in urine of adolescents: 29% explained (explaining variables: mainly: urine density, also sex, consumption of shellfish and education)
• Dimethylarsinic acid (DMA)in urine of adolescents: 30% explained (explaining variables: mainly: urine density, also fish consumption and shellfish consumption)
[bookmark: _Toc522029204]Hungary
Investigation of the exposure to arsenic through water (e.g. private well) in the contaminated areas is needed. Moreover, the health risk regarding arsenic intake by water and food should be calculated. Recent limit values for arsenic concentration in drinking water should be reconsidered.
[bookmark: _Toc522029205]Spain
No information provided.
[bookmark: _Toc522029206]Availability of HBM data
The answer is more a probably yes than a definite yes. Certain employers may already be carrying out BM, though the results are not currently publicly available.
Studies published in the field are (EFSA 2014; EFSA Panel on Contaminants in the Food Chain (CONTAM) 2009; Marano et al. 2012; Molina-Villalba et al. 2015; Freire et al. 2015; Hays et al. 2010; Aylward et al. 2014b; Aguilera et al. 2010; “ATSDR - Toxicological Profile: Arsenic” 2007; Baeyens et al. 2014; Morton et al. 2010; Govarts et al. 2016)
[bookmark: _Toc522029207]Exposure media
· Multisource exposure
· Air
· Water
· Food
· Soil
· Smoking, food contact materials
[bookmark: _Toc522029208]Exposure sources, production volumes and environmental releases #
[bookmark: _Toc522029209]Exposure sources
· The key area of interest is occupational exposure
· Wood treatment for some uses, contaminated soils due to pesticides, batteries, carbon industry and incinerators, minery.
· Drinking water, vegetables, food made of ingredients containing arsenic
· Please see EFSA’s documents (EFSA Panel on Contaminants in the Food Chain (CONTAM) 2009; European Food Safety Authority 2014)
[bookmark: _Toc497139173][bookmark: _Toc522029210]Production volumes
0-10 tonnes per annum (EC)
1000 tonnes per year (BE)
No data was found on the ECHA’s website. 
[bookmark: _Toc522029211]Environmental releases
Relevant information may be found in the “Arctic Monitoring and Assessment Programme (AMAP)” (Danish Cooperation for the Environment in the Artic, Ministry of Environment 2003), in the Toxic Substances Portal of the Agency for Toxic Substances & Disease Registry (“ATSDR - Toxicological Profile: Arsenic” 2007;)  in the “Guidance on the Implementation of the Protocol on Pollutant Release and Transfer Registers” (United Nations Economic Commission for Europe 2008), and in the Euroepan Pollutant Release and Transfer Register’s website (European Environment Agency 2015).
[bookmark: _Toc522029212]Human exposure
[bookmark: _Toc522029213]Human exposure routes
· Inhalation
· Oral
· Dermal
· Trans placental
[bookmark: _Toc522029214]Prevalence of exposure
· There is widespread exposure of workers
· There is widespread exposure of the general population
· There is widespread exposure of workers
· Certain sub-populations are exposed
· Exposure takes place at hot spots
· In Flanders there are 3 known hotspots for arsenic in air (Hoboken, Beerse, Genk). In Belgium there are some regions where arsenic rich soil layers occur
[bookmark: _Toc522029215]Highly exposed groups
· Adults
· Pregnant women
· Men
· Women
· Individuals of lower socio-economic status
· Workers (professional and/or industrial)
· Infants and children
· Individuals of lower socio-economic status
· People living in hot spots highly polluted with arsenic
· People living in contaminated sites
· Elderly people
· Depending on food consumption patterns, there are groups that are more exposed to inorganic arsenic, e.g. high rice consumption (e.g. ethnic groups, gluten intolerant consumers, infants & children consuming rice based foods & drinks) & high algae consumption
[bookmark: _Toc522029216]Vulnerable groups
· Workers (professional and/or industrial)
· Pregnant women
· Infants and children
· Workers (professional and/or industrial)
· Individual of lower socio-economic status
· Highly exposed population due to living in hot spots
[bookmark: _Toc522029217]Regulation and policy
[bookmark: _Toc522029218]Current policy questions
	Question
	Source

	Are the current regulatory controls resulting in effective workers' health protection in practice? 
	European Commission

	If a binding OEL under CMD is soon to be adopted it would be good to identify the current baseline for occupational exposure and to follow trends over time as part of the checking of the effectiveness of the practical implementation and use of the OEL.
	European Commission

	Further clarify the toxicity of arsenic species to humans (see gaps identified by EFSA in 2009). Determinants of exposure to toxic arsenic components + influence on the arsenic methylation process are insufficiently known.
	Belgium

	Increase the knowledge of health effects concerning arsenic exposure in general population.
	Spain


[bookmark: _Toc522029219]EU Regulations
	Chemicals legislation

	Registration, Evaluation, Authorisation & Restriction of Chemicals (REACH): some uses of this substance are restricted under Annex XVII of REACH.
Chemical Agents Directive 98/24/EC (EU 1998) 
EU OSH directives 
Commission Regulation (EC) No 333/2007: Methods of sampling and analysis for official control (EU 2007)
Prior Informed Consent Regulation (PIC, Regulation (EU) 649/2012) 
Annex I: This substance is subject to the Prior Informed Consent regulation and to export notification procedure from 31-Jan-2005

	Classification Labelling & Packaging (CLP): Classified as C1A or C1B

	Environmental legislation

	Air Quality Directive 2008/50/EC (EU 2008)
Directive 2004/107/EC of the European Parliament and of the Council of 15 December 2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air (EU 2004b)

	Occupational health and safety

	ECHA’s opinion on Arsenic and its inorganic compounds (Committee for Risk Assessment 2017). 
Carcinogens and Mutagens Directive 2004/37/EC (EU 2004a).

	Food safety legislation

	 EC 1881/2006, of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs (EU 2006)
Commission Regulation (EU) 2015/1006 of 25 June 2015 amending Regulation (EC) No 1881/2006 as regards maximum levels of inorganic arsenic in foodstuffs (EU 2015).
The basic principles of EU legislation on contaminants in food are laid down in Council Regulation 315/93/EEC. 
Purity criteria for certain food improvement agents such as additives (EU Reg 231/2012) (EU 2012) and smoke flavourings (EU Reg 1321/2013) (EU 2013).


[bookmark: _Toc522029220]Regional and Global regulations (where relevant)
DG EMPL has the intention to present legislative proposal in the near future on a binding occupational exposure limit for arsenic and its inorganic compounds which are in the scope of the Carcinogens and Mutagens Directive.
[bookmark: _Toc522029221] National regulations (where relevant)
[bookmark: _Toc522029222]European Commission
The MS level legislation that transposes the Chemical Agents Directive and the Carcinogens and Mutagens Directive into national legislation.
[bookmark: _Toc522029223]Belgium
National regulation documents (Affaires sociales sante publique et environnement 2012) and (Affaires sociales sante publique et environnement 2017).
For food contact materials, there are also some purity criteria (Royal Decree May 11th 1992 “betreffende materialmen en voorwerpen bestemd om met voedingsmiddelen in aanraking te komen”. Bijlage 2 Tin en tinlegeringen: maximum 0,05% in Sn; Council of Europe Resolution CM/Res(2013)9 on metals and alloys used in food contact materials and articles: als contaminant en onzuiverheid max 0,002mg/kg : will be transposed into a Belgian Royal Decree) (OVAM 2010).
[bookmark: _Toc522029224]Spain
· ORDEN PRE/2772/2007, limitaciones a la comercialización y al uso de ciertas sustancias y preparados peligrosos (compuestos de arsénico) (BOE 2007)
· ORDEN PRE/2277/2003, por el que se imponen limitaciones a la comercialización y al uso de ciertas sustancias y preparados peligrosos. Arsénico y colorante azul (BOE 2003)
· Límites de exposición profesional para agentes químicos en España (Instituto Nacional de Seguridad e Higiene en el Trabajo 2015)
[bookmark: _Toc522029225]Regulatory guidance values
[bookmark: _Toc522029226]European Commission
At MS level there may be national OELs. This can be checked at a later stage.
[bookmark: _Toc522029227]Belgium
· BE non cancer effects MMA: 1,38 μg/L
· BE non cancer effects iAs+MMA: 2,49 μg/L
· BE non cancer effects DMA: 3,13 μg/L
· BE cancer effects inorganic As: 0.11 μg/l
· BE cancer effects MMA: 0.14 μg/l
· BE cancer effects iAs+MMA: 0.25μg/l
Biomonitoring Equivalents for inorganic arsenic (Hays et al. 2010).
EFSA (2009) – inorganic arsenic : A range of benchmark dose lower confidence limit (BMDL01) values between 0.3 and 8 μg/kg b.w. per day was identified for cancers of the lung, skin and bladder, as well as skin lesions.
[on a global level – but EU uses EFSA opinions - JECFA (2011): Based on data from an epidemiology study conducted on a highly-exposed population, the inorganic arsenic lower limit on the benchmark dose for a 0.5% increased incidence of lung cancer was calculated to be 3 μg/kg bw per day (range: 2–7 μg/kg bw per day) using a range of assumptions to estimate total dietary exposure of the study population to inorganic arsenic from drinking water and food (WHO 2011).
[bookmark: _Toc522029228]Spain
In the United States of America (ATSDR - US 2007a, 2007b). < 1 μg/L in blood <100 μg/L in urine ≤ 1 ppm in nails ≤ 1 ppm in hair. Air: 1-3 ng/m3 in remote locations; 20-100 ng/m3 in urban areas. Sediment and Soil: Mean and range of arsenic in soil and other surficial materials in the U.S. are 7.2 and < 0.1–97 μg/g, respectively. Water: Drinking water generally contains an average of 2 μg/L of arsenic, although higher levels have been measured in some parts of the U.S. Arsenic levels ranging from 0.138 to 1,700 μg/L.
In publications, (Hays et al. 2010).
[bookmark: _Toc522029229]Human biomonitoring values
[bookmark: _Toc522029230]Risk assessments 
[bookmark: _Toc522029231]European Commission
The RAC Opinion on arsenic acid and its inorganic compounds includes information on suitable biomonitoring values. It recognises the need to differentiate between arsenic compounds (Committee for Risk Assessment 2017). Occupational exposure to arsenic can be biomonitored by measuring urinary excretion of inorganic arsenic and its metabolites (DMA and MMA). A commonly applied method is to measure the sum of As3+, As5+ and DMA and MMA. However, consumption of fish and shellfish has a significant elevating effect on urinary DMA and MMA levels.
Therefore, arsenic intake with food of maritime origin should be considered for several days prior to every sampling (see Section 7.1.5 of above-mentioned document) and if elevated levels of are noted, the individuals should be specifically asked about any fish consumption over the last few days, and if necessary, the arsenic concentration should be re-determined after a period without fish.
Speciation of different urinary arsenic species provides a more comprehensive picture of occupational exposure.
However, there is a lack of proper reference values for individual arsenic species. In population studies, the levels of inorganic As3+ and As5+ in urine have remained in the majority of samples below the available level of detection of the analytical methods, which has resulted in an inability to set a reference level for these individual species.
UK HSE published (Leese et al. 2014) a sensitive μLC-ICP-MS based method for the speciation of different arsenic species, which is able to detect As3+ and As5+ levels as low levels as 0.02-0.04 μg/L (LOQ), respectively. They also established 95th percentiles of 0.54 and 0.23 μg/L for As3+ and As5+, respectively, based on the sample of 95 volunteers.
With respect to setting a Biological Guidance Value (BGV) specifically for As3+ and As5+, the current database is limited, due to the limitations in the sensitivity of commonly used analytical techniques. There are some data available on the general population levels of the sum of As3+, As5+ and DMA and MMA. Based on the data from France showing 95th percentile of 8.9 μg/L in adults after controlling of seafood consumption, and from Belgium showing 90th percentile of 10.7 μg/L in 20-40 year old mothers, a BGV of 10 μg/L is proposed for the sum of As3+, As5+ and DMA and MMA.
The German Research Foundation (DFG) has estimated that an 8 h TWA exposure to 0.01 mg/m3 results in urinary arsenic levels (sum of As3+, As5+, MMA and DMA) of 50 μg/L, 0.05 mg/m3 in 90 μg/L and 0.1 mg/m3 in 130 μg/L.
[bookmark: _Toc522029232]Belgium
EFSA Toxicity opinion (EFSA Panel on Contaminants in the Food Chain (CONTAM) 2009).
EFSA opinion on exposure (EFSA 2014). 
Opinion of the superior health council on algae and food supplements (SHC 2015)
Opinion of federal food agency on carcinogenic substances (WETENSCHAPPELIJK COMITE VAN HET FEDERAAL AGENTSCHAP VOOR DE EILIGHEID VAN DE VOEDSELKETEN 2012)
Recalls:
Advice “Wetenschappelijke benadering voor terugroeping (recall) van levensmiddelen die door nitraten, lood, cadmium, kwik, methylkwik, arseen en/of anorganisch arseen verontreinigd zijn (dossier Sci Com 2013/26)” (WETENSCHAPPELIJK COMITÉ VAN HET FEDERAAL AGENTSCHAP VOOR DE VEILIGHEID VAN DE VOEDSELKETEN ADVIES 2014).
Opinion of the federal food agency on the use of well water in Ukkel (WETENSCHAPPELIJK COMITE VAN HET FEDERAAL AGENTSCHAP VOOR DE EILIGHEID VAN DE VOEDSELKETEN 2010).
Opinion of the federal food agency on tea pots (WETENSCHAPPELIJK COMITE VAN HET FEDERAAL AGENTSCHAP VOOR DE EILIGHEID VAN DE VOEDSELKETEN 2011).
[bookmark: _Toc522029233]Spain
Of relevance, (The Risk Assessment Information System 1992).
[bookmark: _Toc522029234]Reducing human exposure
[bookmark: _Toc522029235]European Commission
No information provided
[bookmark: _Toc522029236]Belgium
Opinion of the superior health council on algae and food supplements (SHC 2015):
[this opinion contains some consumption advices]
Recommendations for consumers:
· Consumption of Hijiki-algae should be avoided;
· Restrict the consumption of other algae untill 7g (half a spoon hydrated product) per day
· A normal diet gives already a high exposition to arsenic
· Do not consume the boiling water, arsenic leases in the boiling water
· The consumption of (dietary supplements based on) algae is discouraged
· Consumers should avoid a cumulated intake of high amounts of foods that contribute substantially to the exposure of iAs like rice, algae in derived products
[bookmark: _Toc522029237]Spain
Available information in (The Risk Assessment Information System 1992; WHO 2010)
[bookmark: _Toc522029238]Public concern
The protection of workers from risks to their health arising from exposure to carcinogens at the workplace is a high priority topic for DG EMPL. In connection with this occupational exposure to arsenic acid and its inorganic compounds is a key issue under discussion
“Exposure to arsenic: a major public health concern” (World Health Organisation n.d.)
“Mitigating dietary arsenic exposure: Current status in the United States and recommendations for an improved path forward” (Nachman et al. 2017)
There is increasing concern about health effects of low doses in children. Exposure to arsenic also makes children more sensitive to health effects at a later age (“Arseen in Rijst: Geen Reden Tot Paniek Voor de Gezondheid” 2014).
Part of the ChemSec’s SIN list (Substitute It Now!).
[bookmark: _Toc522029239]Technical feasibility
[bookmark: _Toc522029240]Availability of biomarkers and methods
Measurements techniques are available.
After dilution and centrifugation the biomarkers can be measured with High Performance Liquid Chromatography Inductivily Coupled Plasma Mass Spectrometry (HPLC-ICP-MS) on a C-18 HPLC-column separated using an ion-pairreagent (butane sulfonic acid). Afterwards, the effluent is atomized with a concentric atomizer in a cyclonic chamber. The different arsenic compounds are traced back to As in the plasma, a part is ionizing and further analyzed. In the Dynamic Reaction Cell (DRC-cell), the present As reacts with the present oxygen to form AsO with mass 91. With a lot less interference, the amount of As can be quantitatively determined. Arsenic probably can be measured in toe nails (only iAs) (Calderon et al. 2013).
[bookmark: _Toc522029241]Work required to develop new approaches
References:
· IARC Monographs – 100C: Arsenic and arsenic compounds (International Agency for Research on Cancer WHO 2012)
· ECHA’s Candidate List of substances of very high concern for Authorisation (published in accordance with Article 59(10) of the REACH Regulation) (“Candidate List of Substances of Very High Concern for Authorisation - ECHA” n.d.)
· Background document for Diarsenic trioxide - document developed in the context of ECHA’s second Recommendation for the inclusion of substances in Annex XIV (ECHA 2010b)
· Background document for Diarsenic pentaoxide - document developed in the context of ECHA’s second recommendation for the inclusion of substances in Annex XIV (updated version of 1 July 2010) available at (ECHA 2010a)
· Peer reviewed scientific publications: (Tseng et al. 2005; Calderon et al. 2013; Huang et al. 2008; Chowdhury et al. 2003; Aylward et al. 2014a; Hudgens et al. 2016; Peters et al. 2015)
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