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1. Introduction 

Human Biomonitoring for Europe (HBM4EU) has established a strategy for deriving prioritized 

substance groups that HBM4EU will work on in 2019 and 2020. This stepwise strategy included 

input from national and EU policy makers and from stakeholders. The substances were nominated 

and prioritised according to a transparent procedure that is described in Deliverable 4.3 on the 

Prioritisation strategy and criteria, produced by the French Agency for Food, Environmental and 

Occupational Health & Safety (ANSES). The detailed description of how this prioritisation strategy 

was implemented in practice, the inputs received and the methodology applied for selecting 

substances to include in the second list of prioritised substances is the subject of the Deliverable 

D4.4 (lead European Environment Agency, EEA). 

First, a survey was launched to understand the demands of the National Hubs, EU policy makers 

and members of the HBM4EU Stakeholder Forum. Subsequently an online survey requested the 

nomination of substances for research under HBM4EU. A long list of new nominated single 

substances and substance groups was produced. Substances on the long list were ranked 

according to the number of nominations received, enabling to reduce the list down to a short list of 

approximately 25 substances Background documents on the substances on the short list were 

produced. An expert group of HBM4EU scientists scored and ranked the substances according to 

their hazardous properties, exposure characteristics; and public concern. The ranked list was 

discussed at a joint meeting of the HBM4EU Management Board and the European Union (EU) 

Policy Board in March 2018, where agreement was reached on the draft 2nd list of HBM4EU 

priority substances. The Governing Board approved the final list. The Governing Board members 

were asked to identify a list of candidate institutions and experts for the positions of Chemical 

Substance Group Leaders for the new substances/groups of substances. The substance group 

leaders were approved and were asked to produce the scoping documents for the new list of 

prioritised substances. The process is documented in D4.5 Second list of HBM4EU priority 

substances and Chemical Substance Group Leaders for 2019-2021. 
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2. Background information 

Arsenic (As) is a significant global environmental toxicant. As contamination of soil and drinking 

water is a problem threatening human health all over the world. Humans are exposed to As 

through the intake of air, food and water, and occupational exposure occurs in several industries 

including gold mining and smelting operations. Arsenic is carcinogenic (Group 1 IARC), studies 

confirming the carcinogenesis of arsenic in humans are identified, but are not reviewed in detail. It 

is well established that chronic exposure to As is associated with skin, lung and bladder cancers 

(IARC 1984; 2012, 2014; Helene et al. 2007; Järup et al. 1989; Lauwerys et al. 2001) as well as 

vascular diseases and hepatotoxicity (NRC 2001). For the general population, the principal route of 

exposure to arsenic is likely to be the oral route, primarily in the food and in the drinking water. The 

daily intake of total arsenic from food and beverages is generally in the range of 20–300 mcg/day. 

Therefore, assessment of exposures from natural sources of inorganic arsenic from diet, water and 

air would be helpful for risk communication and public health decision-making. Recent attention 

has also been directed at children’s exposure to arsenic and potential health risks, because 

children are the most vulnerable and sensitive group to the adverse effects of arsenic. 

Understanding how arsenic exposures from human activities compare to natural background 

exposures is important for communicating the relative magnitude of calculated risks in perspective 

with everyday exposures. A number of issues are still to be addressed in HBM for arsenic: 

selection of exposure biomarkers, the role of genetic polymorphisms in contributing to population 

variability in pharmacokinetics and sensitivity to the adverse effects of exposure to arsenic etc.   

This scoping document focuses on environmental exposure to arsenic (inorganic), which poses the 

greatest risk for human health. 

 

2.1  Hazardous properties 

Arsenic (metallic As, CAS numer: 7440-38-2; EC number: 231-148-6). Arsenic is a ubiquitous 

element that ranks 20th in abundance in the earth’s crust.[Mandal & Suzuki 2002]. Arsenic is 

classified as a metalloid. Elemental arsenic is a steel grey solid material. Arsenic in the 

environment is combined with other elements such as oxygen, chlorine, and sulfur, and is called as 

inorganic arsenic. Of the inorganic arsenic compounds, arsenic trioxide, sodium arsenite and 

arsenic trichloride are the most common trivalent compounds, and arsenic pentoxide, arsenic acid 

and arsenates (e.g. lead arsenate and calcium arsenate) are the most common pentavalent 

compounds.(WHO 2000, ASTDR 2007)  

Common organic arsenic compounds include arsanilic acid, methylarsonic acid, dimethylarsinic 

acid (cacodylic acid), and arsenobetaine (WHO, 2000). 

Most inorganic and organic arsenic compounds are white or colorless powders that do not 

evaporate. They have no smell, and most have no special taste. [ASTDR 2007]. Arsenic in its most 

recoverable form is found in various types of metalliferous deposits. It is common in iron pyrite, 

galena, chalcopyrite and less common in sphalerite. The most common arsenic mineral is 

arsenopyrite [Mandal & Suzuki 2002].  

The primary use of arsenic is in alloys of lead. Arsenic is a common n-type dopant in 

semiconductor electronic devices, and the optoelectronic compound gallium arsenide is the second 

most commonly used semiconductor after doped silicon. Arsenic and its compounds, especially the 

trioxide, are used in the production of pesticides, treated wood products, herbicides, and 

https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Dopant
https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Optoelectronic
https://en.wikipedia.org/wiki/Gallium_arsenide
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Herbicide
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insecticides. Although arsenic can be poisonous in higher doses, it has also been used in some 

medicines. A form of arsenic is still used to treat an uncommon blood cancer known as acute 

promyelocytic leukemia.[Grund et al.2008] 

According to the International Agency for Research on Cancer (IARC), arsenic is classified in 

Group 1 (sufficient evidence of carcinogenicity in humans) In contrast to organic arsenic, iAs is 

extremely toxic and current risk assessments of dietary exposure to arsenic are entirely based on 

the inorganic forms. The general population is exposed to iAs via the diet, with food being the 

major contributor to intake when arsenic concentrations in water are <10 μg/L (the WHO guideline 

value for drinking water), while drinking water becomes the major source of exposure to iAs when 

water with arsenic concentrations well above 10 μg/L is used for drinking and cooking (EFSA, 

2014; FAO/WHO, 2011). The IARC has established a causal role for oral exposure to iAs on skin, 

lung, and bladder cancers, and has shown suggestive evidence for liver, kidney, and prostate 

cancers (IARC, 2012). Apart from cancer – and skin lesions (EFSA, 2014) – a wide range of other 

adverse health effects such as cardiovascular diseases, developmental toxicity, abnormal glucose 

metabolism, type II diabetes and neurotoxicity are likely related to chronic ingestion of iAs 

(FAO/WHO, 2011). Susceptibility to the toxic effects of iAs varies considerably between individuals 

and populations depending on variations in iAs metabolism related to such factors as age, gender, 

life stage (e.g. pregnancy, lactation), nutritional status, and genetic polymorphisms in the regulation 

of enzymes responsible for iAs biotransformation (EFSA, 2014).  

 

2.1.1  Knowledge gaps  

The assessment of occupational exposure to inorganic arsenic iAs  or/and sum of inorganic As is 

relatively well known (Janasik et al. 2014, Appostoli and al. 1999, Hakala and Pyy 1995,).  

The effects of general population exposure mainly concern exposure to As with potable water with 

an As content above 50 μg/L and concern mainly non-European populations. There is little work on 

the assessment of exposure to drinking water with concentrations below the limit and dietary As 

intake for European general populations. 

Key epidemiologic evidence for risk assessment of dietary iAs comes from populations chronically 

exposed to high arsenic levels in drinking water (>50 μg/L) in several countries, including 

southwestern Taiwan (Chen et al., 2010), Bangladesh (Kurokawa et al., 2001), northern Chile 

(Smith et al., 1998), and Argentina (Hopenhayn-Rich et al., 1998).) The main source of As in the 

diet is organic As compounds such as arsenobetaine, which, is generally assumed to be of no 

toxicological concern (FAO/WHO, 2011). Dimethylarsinic acid (DMA)  – and in traces 

monomethylarsinic acid (MMA) – are present in various foods, including rice, other plant-derived 

food and seafood. In vivo studies have shown adverse effects on the urinary bladder, kidneys, 

thyroid, and foetal development for DMA, whereas the gastrointestinal tract is the primary target 

organ of MMA (US FDA, 2016). The studies in animals showed a carcinogenic potential for DMA; 

however the data regarding human carcinogenicity are inconclusive, hence IARC classified these 

methylated forms as possibly carcinogenic to humans (Group 2B) (IARC, 2012). Arsenosugars and 

arsenolipids are mainly metabolized in humans to DMA, and limited albeit growing information is 

available regarding their toxicity (Taylor et al., this issue).  

Along with MMA and DMA, these compounds have been proposed to be classified as ‘potentially 

toxic’ from a food safety perspective, in contrast to the innocuous arsenobetaine (Feldmann and 

Krupp, 2011). (Quoted by Cubadda et al 2017). 

As a result, exposure levels for iAs with no appreciable health risk, i.e. a tolerable daily or weekly 

intake, cannot be identified. Instead, reference points for health protection are currently based on 

benchmark responses of a given percentage of extra risk from human data. A benchmark dose 

https://en.wikipedia.org/wiki/Insecticide


[6] 

lower confidence limit (BMDL) for 0.5% excess risk of lung cancer has been established by the 

Joint FAO/WHO Expert Committee on Food Additives (JECFA) (BMDL0.5 = 3 μg/kg bw/day) 

(FAO/WHO, 2011), whereas the European Food Safety Authority (EFSA) identified a range of 

BMDL values for 1% excess risk of cancers of the lung, skin and bladder, as well as skin lesions 

(BMDL01 = 0.3-8 μg/kg bw/day) (EFSA, 2009). Therefore, for risk characterization an assessment 

of the margins of continues to emerge exposure (MOEs) between the identified reference points 

and the estimated daily dietary exposure to iAs is required, since there are no exposure levels 

associated with the absence of appreciable health risk on long-term (lifetime) basis (Quoted by 

Cubadda et al 2017). 

EFSA and JECFA data assessments are relatively recent, new scientific evidence of adverse 

effects for populations chronically exposed to iAs via drinking water in concentrations below 50 

μg/L, are discussed by other authors (D'Ippoliti et al., 2015; Leonardi et al., 2012; Garcia-Esquinas 

et al., 2013; Moon et al., 2013; Zheng et al., 2013). Such evidence has not fed into a new risk 

assessment yet. 

The category proposed for arsenic and its inorganic compounds is Category B, as HBM data for 

arsenic as a food and drinking water contaminant are available, but at insufficient level to provide 

an overall picture of exposure in Europe. Identified data gaps may vary from spatial gaps in HBM 

measurement data, to gaps in exposure sources and pathways. Inorganic arsenic is regulated as 

to drinking water and OELs. There is a toxicological concern because of carcinogenicity and 

suggested reproductive and neurodevelopmental toxicity of arsenic, as well as the low dose effects 

that relate to cardiovascular diseases, insulin resistance, type-2 diabetes and hypertension. [NRC 

2014; Nachman et al 2017; Navas-Acien et al 2005, 2006; Abhyankar et al 2012]. 

 

 

2.2  Exposure characteristics 

 

2.2.1 Environmental behaviour  

Arsenic is found in the environment in the metallic form and in various inorganic and organic 

complexes. The sources are both natural and anthropogenic.  

Soil: Arsenic occurs naturally in soils as a result of the weathering of the parent rock. 

Anthropogenic activity has resulted in the widespread atmospheric deposition of arsenic the 

burning of coal and the smelting of non-ferrous metals including copper [EPA 2009a]. The levels of 

arsenic in the soils of various countries are said to range from 0.1 to 40 mg/kg (mean 6 mg/ kg), 1 

to 50 mg/kg (mean 6 mg/kg) and mean 5 mg/kg but varies considerably among geographic 

regions. Arsenic is present in soils in higher concentrations than those in rocks [Mandal &Suzuki 

2002].Uncontaminated soils usually contain 1–40 mg/kg of arsenic, with lowest concentrations in 

sandy soils and those derived from granites, whereas larger concentrations are found in alluvial 

and organic soils. Arsenate reportedly binds strongly to iron and manganese oxides, and therefore 

remains in the surface soil layer after deposition [ATSDR, 2007]. Arsenic was observed to be still 

concentrated after 15 years in the top 20–40 cm of orchard soils treated with lead arsenate 

(Merwin et al. 1994). However, several experimental studies have found that arsenate can be 

released from iron oxides at alkaline pH as a result of desorption processes [IPCS, 2001; ATSDR, 

2007].   
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Water: Arsenic is found at low concentration in natural water. The maximum permissible 

concentration of arsenic in drinking water is 50 mcg/l and recommended value is 10 mcg/l by EPA 

and WHO [IPCS 2001]. The seawater ordinarily contains 0.001–0.008 mg/l of arsenic. The 

concentration of arsenic in unpolluted fresh waters typically ranges from 1–10 g/l1, rising to 100–

5000 g/l in areas of sulfide mineralization and mining [Mandal &Suzuki 2002].  

Only a very minor fraction of the total arsenic in the oceans remains in solution in seawater, as the 

majority is sorbed on to suspended particulate materials. The high levels of arsenic are in waters 

from areas of thermal activity in New Zealand up to 8.5 mg/l. Geothermal water in Japan contains 

1.8–6.4 mg/l and neighboring streams about 0.002 mg/l. Although normally groundwater does not 

contain methylated form of arsenic but lake and pond waters contain arsenite, arsenate as well as 

methylated forms, i.e. MMA and DMA [Mandal &Suzuki 2002].. 

Air: In air, arsenic exists predominantly absorber on particulate matters, and is usually present as 

a mixture of arsenite and arsenate, with the organic species being of negligible importance except 

in areas of arsenic pesticide application or biotic activity [Mandal & Suzuki 2002]. The human 

exposure of arsenic through air is generally very low and normally arsenic concentrations in air 

ranges from 0.4 to 30 ng/m3. According to USEPA the estimated average national exposure in the 

U.S. is at 6 ng As/m3. Absorption of inhaled arsenic ranges between 30 and 85%, depending on 

the relative portions of vapour and particulate matters. USEPA estimates that the general public 

will be exposed to a range of approximately 40–90 ng per day by inhalation. The amount of arsenic 

inhaled per day is about 50 ng or less (assuming that about 20 m3 of air is inhaled per day) in 

unpolluted areas. The daily respiratory intake of arsenic is approximately 120 ng of which 30 ng 

would be absorber.Typical arsenic levels for the European region are currently quoted as being 

between 0.2 and 1.5 ng/m3 in rural areas, 0.5 and 3 ng/m3 in urban areas and no more than 50 

ng/m3 in industrial areas. [European Commission 2000] 

Animals and human beings: As in plant tissue, arsenic is cumulative in animal tissue, allowing for 

a wide variation in concentration due to the variance in arsenic ingested in different areas. Among 

marine animals, arsenic is found to be accumulative to levels of from 0.005 to 0.3 mg/kg in 

coelenterates, some molluscs and crustaceans. Some shellfish may contain over 100 mcg/g of 

arsenic. The average arsenic content in freshwater fish is of 0.54 mcg/g on the basis of total wet 

weight, but some values reach as high as 77.0mcg/g in the liver oil of freshwater bass. In 

mammals it is found that the arsenic accumulates in certain areas of the ectodermic tissue, 

primarily the hair and nails [Mandal & Suzuki 2002]. 

Human exposure: Humans are exposed to many different forms of inorganic and organic arsenic 

species (arsenicals) in food, water and other environmental media. Each of the forms of arsenic 

has different physicochemical properties and bioavailability and therefore the study of the kinetics 

and metabolism of arsenicals is a complex matter.  

General population: For the general population, the principal route of exposure to arsenic is likely 

to be the oral route, primarily via food, and drinking water. Intake from air, is usually much less. 

Dermal exposure can occur, but is not considered a primary route of exposure. The epidemiologic 

evidence for an cross the placenta is insufficient, although there exists limited evidence for arsenic 

concentrations found in cord blood and maternal blood of maternal-infant pairs exposed to high 

arsenic-containing drinking water.[ASTDR 2007.] 

Occupational exposure population: Occupational exposure to arsenic may be significant in 

several industries, mainly nonferrous smelting, arsenic production, wood preservation, glass 

manufacturing. Occupational exposure would be via inhalation and dermal contact.  
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Human biomonitoring (HBM)  

HBM can be defined as “the method for assessing human exposure to chemicals or their effects by 

measuring these chemicals, their metabolites or reaction products in human specimens [CDC, 

2005]. Biomonitoring data directly reflect the total body burden or biological effect resulting from all 

routes of exposure, and interindividual variability in exposure levels, metabolism and excretion 

rates.  

The cytotoxicity and metabolism of arsenic is a function of its oxidation state and methylation 

status [Cohen et al. 2007]. Metabolic conversion of inorganic arsenic into methylated products is a 

multistep process that yields mono-, di-, and trimethylated arsenicals. In recent years, it has 

become apparent that formation of methylated metabolites of inorganic arsenic is not necessarily a 

detoxification process. Products formed in this pathway may be more reactive and toxic than 

inorganic arsenic [Thomas et al. 2007]. Inorganic arsenic are commonly methylated in liver in the 

presence of a methyl donor S-adenosylmethionine (SAM) and a co-factor glutathione (GSH) with 

arsenomethyltransferase (As3MT) to relevant monomethylated [e.g., monomethylarsonous acid 

(MMAIII) monomethylarsonic acid (MMAV)] and dimethylated arsenic metabolites [e.g., 

dimethylarsinous acid (DMAIII), dimethylarsinic acid (DMAV)], and finally excreted into urine [Vahter 

et al. 1999; Vahter 2002]. Recently, a reductive methylation pathway has also been described 

[Tseng 2009]. Following arsenic exposure, 40 to 60% of arsenic intake is eliminated through urine. 

It should also be mentioned that the majority of the environmentally exposed population groups 

studied so far have on average 10-30% of inorganic As, 10-20% of MMA and 60-70% of DMA in 

urine, but considerable inter-individual variations have been observed, which may be a result of 

genetic polymorphism in the methylation capacity of arsenic (Vahter 1999).  

Urinary levels of arsenic are generally regarded as a good measure and biomarker of exposure, 

although measurements of total arsenic in urine do not contain information concerning arsenic 

species, thereby complicating the assignment of toxicity and potential health risk to various species 

of As. Quantitative determination of the amount of a specific element is particularly important and 

that is why speciation methods are considered essential for drawing accurate conclusions in 

arsenic exposure and risk assessment.  

For many years, biological monitoring of exposure to arsenic has been based on the determination 

of the sum of iAs and methylated metabolites DMA and MMA in urine. Novel biomonitoring 

methods (speciation analysis) are usually tested and validated in research settings (Janasik et al. 

2014). Sustained national and international surveillance programmes typically use well established 

biomonitoring techniques (e.g. biomarkers which are known to reflect exposure to the chemical of 

interest, standardized sampling methods and verified analytical techniques) to collect information 

on population exposures to environmental hazards that are known to be significant to public health. 

A summary of available human biomonitoring from EU countries on arsenic exposure are 

summarized in a report from the World Health Organization (2015) and are shown in the table 

below. 
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Table 2.1: Summary of available HBM data on arsenic (toxicologically relevant species including inorganic arsenic and its metabolites) Geometric 

means (GM) or percentiles (P90/P95) are indicated. 

 

Country Study Population (N) Total arsenic TRA species 

Blood (ng/mL) Urine Urine 
(μg/g creat.) 

references 

(μg/g creat.)  (μg/L)  

Belgium 
(Flanders) 

FLESH (2007-2011) Neonates 
(241) 

0.54 GM 
2.18 P90 

- - - Schoeters et al., 
2012a 

Mothers  
Age: 20-40 y (235) 

0.64 GM 
2.04 P90 

15.9 GM 
71.4 P90 

- 3.7 GM 
10.7 P90 

Adolescents 
Age: 14-15 y (207) 

0.62 GM 
2.12 P90 

9.3 GM 
49.0 P90 

- 3.6 GM 
8.0 P90 

Germany Environmental Specimen 
Bank (2000-2017), four 
sampling locations 

Young adults 
Age: 20-29 y 

 4.4- 5.5 GM    www.umweltprobenbank.de 
(2017) 

GerES I 
(1985-86) 

Adults 
Age: 25-69 y 
(2542) 

- - 9.02 GM 
37.5 P95 

- Kolossa-Gehring et al., 2012; 
Schulz et al., 2007b 

GerES II 
(1990-92) 

Adults 
Age: 18-79 y 
(4001) 

0.5 GM 
2.0 P95 

- 6.33 GM 
30.2 P95 

- 

Children 
Age: 6-17 y 
(731) 

0.33 GM 
1.4 P95 

- 6.01 GM  
27.5 P95 

- 

GerES III 
(1998) 

Adults 
Age: 18-69 y 
(4052) 

0.61 GM 
2.4 P95 

- 3.87 GM  
19.3 P95 

- 

GerES IV 
(2003-2006) 

Children 
Age: 3-14 y 
(1734) 

0.23 GM 
0.3 P90 

- 4.4 GM 
11.0 P90 

- 

France  ENNS (2006-2007)  Adults  
18–74 y (1515)  

- 11.96 GM 
61.29 P95 

- 3.34 GM 
8.9 P95 

Frery et al.,  
2012 

Italy PROBE (2008-2010) Adolescents Age:  
13–15 y (252) 

0.82 GM 
3.69 P95 

- - - Pino et al.,  
2012 

Slovenia National HBM Survey 
(2007-2009) 

Adults 
Age: 20-40 y (274) 

0.74 GM 
2.98 P95 

- - - Snoj Tratnik, Mazej & Horvat,  
2012 

http://www.umweltprobenbank.de/


 

[10] 

 

2.2.2 Health based guidance values available for HBM data  

General population 

The following table summarizes the available reference values for Canadian and German 

population.  

Table 2.2: Reference values (RV95) for arsenic in blood and urine based on human biomonitoring 

data  

 Population Group 

(years) 

Years (N) P95 (95% 

CI) (μg/L) 

RV95 

(μg/L) 

References 

arsenic (total) in 

blood 

Canadian 6-19 2007-2009 

(875) 

1.4 (1.0-1.8) 1.4 Saravanabhavan et al. 

(2017) 

arsenic (total) in 

blood 

Canadian 20-79 2007-2009 

(996) 

2.0 (1.8-2.2) 2.0 

Arsenic (total) in 

urine 

German 3-14* 2003-2006   15.0 Schultz et al.(2011) 

Arsenic (total) in 

urine 

German 18-69* 1997-1999  15.0 

* for children  and  adults  who  did  not  eat  fish  during 48 hours prior to sample collection 
 

The RV 95 for total arsenic in urine, according to the findings of the German HBM survey, is 15 

μg/L for children and adults who did not eat fish during 48 hours prior to sample collection [Schulz 

et al., 2011]. The GM levels of total arsenic in European populations were from 0.5 μg/L to 1 μg/L 

in blood and from 4μg/g to 16 μg/g creatinine in urine. There was no obvious difference observed 

between children/adolescents and adults.[WHO 2015] 

In order to establish representative human biomonitoring data for the Canadian general population, 

an extensive HBM component has been incorporated into the Canadian Health Measures Survey 

(CHMS). The CHMS, which was launched in 2007, is the most comprehensive direct health 

measures survey conducted in Canada and is designed to provide nationally-representative data 

on indicators of environmental exposures, health and nutritional status, and related risks and 

protective characteristics [Tremblay et al., 2007].  

Occupational population  

The following recommendations are available: 

Table 2.3: Recommended Biological Limit Values (BLV) for occupational exposure 

Organization Biological Limit Value (BLV) Reference 

Germany/ Deutsche 
Forschungsgemeinschaft 
(DFG) 

 Inorganic arsenic and methylated metabolites BLW 
50 mcg/l 

 Arsenic(+III)  BAR 0.5 mcg/l 

 Arsenic(+V) BAR 0.5 mcg/l 

 Monomethylarsonic acid BAR 2 mcg/l 

 Dimethylarsinic acid BAR 10 mg/l 

DFG 2016 

USA/ ACGIH   35 mcg arsenic/L of urine (inorganic arsenic plus 
methylated metabolites)  

ACGiH  

BAR (“Biologische Arbeitsstoff-Referenzwerte”) describe the background level of a substance which is present 

concurrently at a particular time in a reference population ofpersons of working age who are not occupationally exposed 
to this substance. The BAR are based on the 95th percentile without regarding effects on health. 
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BLW (“Biologischer Leit-Wert”) is the amount of a chemical substance or its metabolites or the deviation from the norm of 

biological parameters induced by the substance in exposed humans which serves as an indicator for necessary 
protective measures. BLWs are assigned only for hazardous materials for which the available toxicological or 
occupational-medical data are insufficient for the establishment of BAT values[DFG 2016] 

 

2.3 Policy relevance  

2.3.1 European Policies 

European legislations concerning arsenic are described below. 

2.3.2 Food safety 

Maximum levels for arsenic in certain foods have been established by Commission Regulation 

(EC) No 2015/1006 (future section 3.5 of the Annex to Regulation (EC) No 2006/1881, applicable 

from 1 January 2016 onwards).  

The EFSA Panel on Contaminants in the Food Chain (CONTAM Panel) assessed the risks to 

human health related to the presence of arsenic in food. More than 100,000 occurrence data on 

arsenic in food were considered with approximately 98 % reported as total arsenic. Making a 

number of assumptions for the contribution of inorganic arsenic to total arsenic, the inorganic 

arsenic exposure from food and water across 19 European countries, using lower bound and upper 

bound concentrations, has been estimated to range from 0.13 to 0.56 µg/kg bodyweight (b.w.) per 

day for average consumers, and from 0.37 to 1.22 µg/kg b.w. per day for 95th percentile 

consumers. Dietary exposure to inorganic arsenic for children under three years of age is in 

general estimated to be from 2 to 3‐fold higher that of adults. The CONTAM Panel concluded that 

the provisional tolerable weekly intake (PTWI) of 15 µg/kg b.w. established by the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA) is no longer appropriate as data had shown that 

inorganic arsenic causes cancer of the lung and urinary bladder in addition to skin, and that a 

range of adverse effects had been reported at exposures lower than those reviewed by the JECFA. 

The CONTAM Panel modelled the dose‐response data from key epidemiological studies and 

selected a benchmark response of 1 % extra risk of cancers of the lung, skin and bladder, as well 

as skin lesions (BMDL01 = 0.3-8 μg/kg bw/day).  The estimated dietary exposures to inorganic 

arsenic for average and high level consumers in Europe are within the range of the BMDL01 

values identified, and therefore there is little or no margin of exposure and the possibility of a risk to 

some consumers cannot be excluded. 

2.3.3 Chemicals  

Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 

2006, concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals, Official 

Journal No. L 396/1 of 30.12.2006 (hereinafter “REACH”) aims at ensuring a high level of 

protection for human health and environment, while promoting the efficient functioning of the EU 

internal market and stimulating innovation and competitiveness in the chemical industry. 

Having a common interest in fulfilling the requirements under REACH, the members of the As 

Consortium have therefore created the As Consortium back in 2009, in order to share human and 

financial resources involved in complying with REACH. 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015R1006
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015R1006
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The following substances were REACH registered with the help of the As consortium: 

Name Molecular 

formula 

EC CAS Registered No of 

registrants 

LR Authorisation 

Arsenic metal As 231-148-6 7440-38-2 yes  ppm  

Arsenic trichloride AsCl3 232-059-5 7784-34-1 yes  ppm  

Diarsenic trioxide As2O3 215-481-4 1327-53-3 yes 6 umicore Boliden/nordenhamer/  

zinhutte/linxens Fr 

Gallium arsenide GaAs 215-114-8 1303-00-0 yes 3 FCM  

Trilead diarsenate Pb3(AsO4)2 222-979-5 3687-31-8 Yes, INACTIVE 1   

Calcium arsenate Ca3(AsO4)2 231-904-5 7778-44-1 Yes, INACTIVE 1   

Tricopper arsenide Cu3As 234-472-6 12005-75-3 Yes, INACTIVE 1   

*The Arsenic consortium, was founded in 2009( members are producers and importers of arsenic and arsenic compounds). The Consortium Members controlle complying with the 

requirements of the REACH Regulation in respect of the substance(s) covered by the Consortium and to follow up on environment, health and safety (EHS) regulations related to 

arsenic and arsenic compounds. The consortium includes, among others: UMICORE (Belgium),AURUBIS (Germany) and Boliden Harjavalta Oy (Finland) 
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According to the harmonised classification and labelling (CLP) 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. Moreover, some uses of this substance are restricted under 

Annex XVII of REACH. 

Occupational health and safety 

Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 

amending Directive 2004/37/EC on the protection of workers from the risks related to exposure to 

carcinogens or mutagens at work. This proposal aims to improve workers’ health protection by 

reducing occupational exposure to five carcinogenic chemical  agents, to provide more clarity for 

workers, employers and enforcers, and to contribute to a level playing field for economic operators. 

 

 

2.4 Technical aspects 

2.4.1 Availability of biomarkers and methods 

There are several potential biomarkers for arsenic exposures. Preferred biomarkers are 

determination of As and its chemical forms in urine. Non-invasive, ease collection and because the 

majority of absorbed arsenic and its metabolites is eliminated via urine puts this type of markings in 

a privileged position. Moreover, the analytical techniques allows arsenic speciation in urine, but not 

hair and nails (due to mineralization). The short half-life of inorganic and organic arsenic species in 

blood and invasive collection limits the utility of arsenic biomarkers in blood, similar to 

determination As in hair and nails. Advantages for this these biomarkers in hair and nails are is 

assessment of integrated exposures, but these markers include arsenic derived from all way 

organic arsenic (non-toxic) and inorganic species. (Hughes 2006; Navas-Acien and Guallar, 2008). 

When exposure to a compound results in multiple biomarkers and the mode of action is not known 

with certainty, it is recommended to sum as many of the metabolites in a Biomonitoring Equivalent 

(BE) calculation as long as the metabolites are specific to exposures of concern (Aylward et al., 

2009). Sum of iAs, MMA, DMA correlate well with drinking water concentration (Calderon et al., 

1999; Hall et al., 2006) or estimated daily dose calculated using drinking water concentrations 

(Navas-Acien et al., 2009; Agusa et al., 2009). The concentrations of total arsenic and iAs, MMA, 

and DMA are all fairly constant over time with small intra-individual variabilities (Navas-Acien et al., 

2009; Kile et al., 2009). First morning voids of total arsenic are indicative of and correlated with 

subsequent voids throughout the day (Calderon et al., 1999 ). For these reasons, speciated 

arsenic in urine (iAs III, iAs V , MMA, and DMA) are the preferred biomarker(s) for exposures to 

inorganic arsenic ( Lauwerys and Hoet, 2001) but as described Buchet et al., 1994 certain types of 

seafood can contain small quantities of DMA than the urine sample should abstain from eating 

seafood for 3–4 days prior to urine collection (Lauwerys and Hoet, 2001 ). In such cases where 

diet cannot be controlled, Lauwerys and Hoet (2001) have recommended using iAs concentration 

in urine as opposed to the sum of iAs, MMA, and DMA in urine as the biomarker of choice. Since 

MMA is not affected by seafood consumption, both iAs and MMA should be reliable biomarkers of 

inorganic arsenic exposures. Then, the recommendations are for using sums of all three (iAs, 

MMA, and DMA) as a biomarkers for As .when no exposures to seafood have occurred. 

The determination of arsenic in biological specimens requires sensitive analytical methods, 

performed under good quality control conditions. Various methods exist that differ in sample 

preparation technique and/or the detections system. Determination of total As concentration can be 

done by ICP MS, inorganic arsenic as well as MMA and DMA can be done by AAS technique with 

hydrogen generation.   
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Speciation of arsenic requires coupled analytical techniques (ICP-MS-HPLC) and procedures and 

expensive reagents and equipment, which are not routinely available in analytical laboratories. 

Speciation analysis is necessary to differentiate between inorganic and organic arsenic exposure.   

Need for new approaches 

The symptoms and signs caused by long-term elevated exposure to inorganic arsenic differ 

between individuals, population groups and geographical areas. Thus, there is no universal 

definition of the disease caused by arsenic. This complicates the assessment of the burden on 

health of arsenic. 

There is a need to harmonize exposure biomarkers and to validate biomarkers of susceptibility, 

selection of exposure biomarkers, and include the role of genetic polymorphisms in contributing to 

population variability in pharmacokinetics and sensitivity to the adverse effects of exposure to 

arsenic.[Ladeira C, Viegas S. 2016; Chen et al. 2005; Janasik et al. 2018] 

It is important to harmonize the approaches used to investigate different study populations. The 

selection of best suited matrices and biomarkers of exposure is crucial. Markers of susceptibility 

need to be validated. These are important for understanding the human health effects of low-level 

As exposure as a basis for future research efforts, risk assessment, and exposure remediation 

policies worldwide. As speciation in urine, would provide characterization of species-specific 

exposure at levels relevant for European population. In recent years interest in gene-environment 

interaction has grown substantially, because of the progress in laboratory techniques, improved 

understanding of genetics and realization of complex mechanisms between genetics and 

environment. Identification and validation of novel biomarkers of susceptibility is therefore an 

important part in investigation of exposure-health relationships. 

 

 

2.5 Societal concern 

Arsenic is one of WHO’s 10 chemicals of major public health concern. The effects of arsenic 

toxicity on mental health and associated social consequences have not been well reported and 

hence more scientific attention is needed. 

Arsenic contamination of groundwater is widespread and there are a number of regions where 

arsenic contamination of drinking-water is significant. It is now recognized that at least 140 million 

people in 50 countries have been drinking water containing arsenic at levels above the WHO 

provisional guideline value of 10 μg/L . 

In 2010, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) re-evaluated the 

effects of arsenic on human health, taking new data into account. JECFA concluded that for certain 

regions of the world where concentrations of inorganic arsenic in drinking-water exceed 50–100 

mcg/L, there is some evidence of adverse effects. In other areas, where arsenic concentrations in 

water are elevated (10–50 μg/L), JECFA concluded that while there is a possibility of adverse 

effects, these would be at a low incidence that would be difficult to detect in epidemiological 

studies. 

The most important action in affected communities is the prevention of further exposure to arsenic 

by the provision of a safe water supply for drinking, food preparation and irrigation of food crops. 

WHO’s work to reduce arsenic exposure includes setting guideline values, reviewing evidence, and 

providing risk management recommendations. WHO publishes a guideline value for arsenic in its 

Guidelines for drinking-water quality. The Guidelines are intended for use as the basis for 

regulation and standard setting worldwide.  
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The WHO/UNICEF Joint Monitoring Programme for Water Supply, Sanitation and Hygiene 

monitors progress towards global targets on drinking water. Under the new 2030 Agenda for 

Sustainable Development, the indicator of “safely managed drinking water services” calls for 

tracking the population accessing drinking water which is free of faecal contamination and priority 

chemical contaminants, including arsenic. 

Due to its classification as a substance toxic to reproduction (“CRM” according to Annex VI of 

Regulation 1272/2008) arsenic is included in the “SIN (Substitute It Now!) List”, a comprehensive 

database of chemicals likely to be restricted or banned in the EU developed by the non-

governmental European “International Chemical Secretariat” (ChemSec).  

Arsenic ranks 1st out of 275, on the “Substance Priority List” (SPL) prepared biannually by the 

ATSDR for substances most commonly found at facilities on the National Priorities List (NPL) and 

which are determined to pose the most significant potential threat to human health due to their 

known or suspected toxicity and potential for human exposure. It should be noted that this priority 

list is not a list of “most toxic” substances, but rather a prioritization of substances based on a 

combination of their frequency, toxicity, and potential for human exposure at NPL (national priority 

list) sites. 

In June 2017, members of the Stakeholder Forum provided feedback on the proposed strategy and 

criteria to be used for the prioritisation of substances for monitoring and research under HBM4EU. 
Arsenic was voted by stakeholders who participated in the Stakeholder Workshop organized in the 

frame of HBM4EU in on November 20th 2017 as a “top substance of concern”. 

 

 

3. Categorization of Substances 

The proposed category for Arsenic is Category B.  

The category proposed for arsenic and its inorganic compounds is Category B, as HBM data for 

arsenic as a food and drinking water contaminant are available, but at insufficient level to provide 

an overall picture of exposure in Europe. Identified data gaps may vary from spatial gaps in HBM 

measurement data, to gaps in exposure sources and pathways. Inorganic arsenic is regulated as 

to drinking water and OELs. There is a toxicological concern because of carcinogenicity and 

suggested reproductive and neurodevelopmental toxicity of arsenic, as well as the low dose effects 

that relate to cardiovascular diseases, insulin resistance, type-2 diabetes and hypertension. The 

effects of chronic exposure to low levels and the factors of susceptibility have not been adequately 

investigated. 

Table 4: Substances included in the substance group, listed according to availability of toxicology 

and human biomarker data, in category A, B, C,D,E substances  

Category Abbreviati
on/ 

Acronym 

Systematic 
name 

CAS No. Regulations 

B As Arsenic 7440-38-2 Regulation (EC) No 1907/2006 

REACH Regulation (EC) No 1907/2006 
for inclusion of substances in the 
Authorisation List (Annex XIV) 
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4. Policy-related questions 

The following policy-related questions relate to commitments under this frame. 

1. What is the current exposure of the EU population to arsenic? 

2. What biomonitoring and exposure (environmental and occupational) data on arsenic, relevant 

to the European population, are currently available? 

3. What is the geographic spread of the current exposure and how does it relate to different 

exposure sources (environmental; dietary sources)? 

4. Which population groups are most at risk? 

5. What factors (genetic polymorphisms) make people more susceptible or not to the risk of 

health effects due to arsenic exposure? How are the best and more sensitive biomarkers for 

identification of reliable arsenic exposure and to link to potential adverse health-effect? 

6. What are possible health effects resulting from chronic low exposure to arsenic from food 

consumption? 

7. What are the best analytical methods should allow for differentiating species in urine? 

8. How can harmonized, validated and comparable information be collected to support and 

evaluate current policies?  

9. How can transfer of knowledge & technology be facilitated to support current policies? 

10. How can HBM4EU results support European policy decisions? 
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5. Research Activities to be undertaken 

Table 5.1: Listing of research activities to be carried out to answer the policy questions  

Policy question Substance Available knowledge Knowledge gaps and activities needed 

What is the current exposure of the 
EU population to arsenic? 

As Human exposure and effects data are limited. 
 

Mapping and / or updating existing biomonitoring / exposure data  
- collection, comparison, evaluation and integration into IPChem   
- identification of knowledge gaps 
- prioritization of research needs 

WP 7/8/9/10 

What biomonitoring and exposure 
(environmental and occupational) data 
on arsenic, relevant to the European 
population, are currently available. 

As Publications on occupational exposure are available, but the 
data is rather old and some exposures are not relevant 
anymore. 
Publications on environmental  exposure are available, but 
the data is rather not EU population exposures and not 
included dietary sources (excluded water) 

Mapping / updating existing toxicological/biomonitoring  data  
collection, comparison, evaluation and integration into IPChem   
identification of knowledge gaps 
WP 7/8/9/10 

What is the geographic spread of the 
current exposure and how does it 
relate to different exposure sources 
(environmental; dietary sources)? 

As Human exposure and effects data are limited. 
 

 Mapping of existing data on arsenic content in food and water 
including geographical variations in Europe. The term daily intake of 
arsenic depending on the geographic region and dietary habit. 
 Use of existing data to assess the determinants of exposure, 
including geographic variations and their causes (e.g. 
environmental exposures, diet) 
identification of knowledge gaps 

Which population groups are most at 
risk? 

As 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 are greatly needed. 

Establish European arsenic biomonitoring program covering broad 
population groups (children and adults). 

What factors (genetic polymorphisms) 
make people more susceptible or not 
to the risk of health effects due to 
arsenic exposure? How is the best 
and more sensitive biomarkers for 
identification of reliable arsenic 
exposure and to link to potential 
adverse health-effect? 

As Human exposure and effects data are limited. Publications 
on influence of genetic polymorphisms on arsenic 
metabolism are available, but the data is rather not EU 
population exposures.  

Mapping of existing capacities 
- Explore the possible use of existing cohorts for the investigation 

of the adverse health effects due to chronic exposure to low levels 
of arsenic including the identification and possibly validation of 
markers of susceptibility  

- Identification of reliable biomarkers (biochemical and/or molecular 
biology markers) of arsenic exposure and to link to potential 
adverse health-effect 

What are possible health effects 
resulting from chronic low exposure to 
arsenic from food consumption? 

As Human exposure and effects data are limited. 
 

- Identification of groups at risk of exceeding health-based 
guidance values, based on existing information (e.g. by age, 
gender, diet, geography, co-exposures, hot-spots in Europe) 

-  To determine whether current or expected exposure levels of As 
are of concern for health in the general population.  
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Policy question Substance Available knowledge Knowledge gaps and activities needed 

What is the safe intake level for 
arsenic that is without any appreciable 
health risk in the general European 
population? 

As The EFSA Panel on Contaminants in the Food Chain 
(CONTAM Panel) assessed the risks to human health 
related to the presence of arsenic in food, but human 
exposure and effects data are limited. 

Preparation of a core study to assess:  
- (a) the current exposure of Europeans to arsenic and the 

associated risk and to facilitate the assessment of temporal trends 
with regards to the effectiveness of policies (b) the contributions 
of different sources (dietary, environmental,) to the body burden, 
with the aim to elaborate HBM threshold levels for Europe and 
safe upper limits for different types of foodstuff 

What are the best analytical methods 
should allow for differentiating species 
in urine? 

As Recently developed HBM analytical methods should allow 
for differentiating species in urine, resulting from inorganic 
arsenic exposure, including As III, As V and twomethylated 
metabolic products, DMA and MMA. 

Mapping of existing capacities 
- cost-effective, reliable analytical methods capable of speciation 

analysis 
- standard procedures for quality-controlled sampling 
- qualified laboratories for sample analysis as result of the QA / QC 

program established in HBM4EU 
-  Arsenic different chemical form of should be included (speciation 

analysis). Laboratories that will apply for the determination of 
arsenic in biological material should be verified preceded by 
participation in the QA / QC program established by HBM4EU.  

- Establishment of unified methods of biological material collection, 
storage and shipping  procedures to centers, which will determine 
arsenic concentrations. 

How can harmonized, validated and 
comparable information be collected 
to support and evaluate current 
policies? 

As  - Preparation of an inventory of current relevant national strategies 
in European countries  

How can HBM4EU results support 
European policy decisions? 

As  - Identification of stakeholders 
- Mapping, prioritizing and addressing stakeholder needs, starting 

with policy makers and scientists 
- Describe previous studies identifying the impact of EU legislation 
- Establish permanent European arsenic biomonitoring as support 

of arsenic european policies 
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