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Draft Background Document
This is a working document produced under the HBM4EU prioritisation process. It consolidates input from HBM4EU partners, stakeholders and the EU Policy Board. It does not reflect the views of the HBM4EU consortium. 


Nanomaterials - Group
Contents
1.	Substance identification	3
2.	Actors that nominated this substance or substance group	3
3.	Overview of the information submitted	3
4.	Knowledge gaps and proposed research activities	4
4.1	European Environment Agency	4
4.2	Denmark	4
4.3	France	5
4.4	Italy	5
4.5	Slovakia	5
4.6	European Environmental Bureau	6
5.	Hazardous properties	7
5.1	Current knowledge gaps on hazardous properties	7
5.1.1	European Environment Agency	7
5.1.2	Denmark	8
5.1.3	France	8
5.1.4	Italy	8
5.1.5	Slovakia	8
5.1.6	European Environmental Bureau	9
5.2	Hazard classifications	12
5.2.1	Hazard classification for titanium dioxide –proposed by France	12
5.3	Persistence and bioaccumulation potential	12
6.	Exposure characteristics	13
6.1	Current knowledge gaps on exposure	13
6.1.1	European Environment Agency	13
6.1.2	Denmark	13
6.1.3	France	13
6.1.4	Italy	13
6.1.5	Slovakia	13
6.1.6	European Environmental Bureau	13
6.2	Availability of HBM data	14
6.3	Exposure media	15
6.4	Exposure sources	15
6.5	Production volumes	16
6.6	Environmental releases	16
6.7	Human exposure	16
6.7.1	Human exposure routes	16
6.7.2	Prevalence of exposure	16
6.7.3	Highly exposed groups	16
6.7.4	Vulnerable groups	16
7.	Regulation and policy	17
7.1	Current policy questions	17
7.2	EU Regulations	18
7.3	National regulations	20
7.4	Regulatory guidance values	20
7.5	Human biomonitoring values	20
7.6	Risk assessment	21
8.	Public concern	21
9.	Technical feasibility	21
9.1	Availability of biomarkers and methods	21
9.2	Work required to develop new approaches	22
10.	References	23




[bookmark: _Toc522277516]Substance identification
Group of substances: Nanomaterials 
Rationale for grouping: 
· Common analytical methods can be used to analyse multiple substances in one matrix.
· The substances have a similar toxicological profile.
· Definition adopted by the International Organization for Standardization (ISO): "Material with any external dimension in the nanoscale or having internal structure in the nanoscale." "Nanoscale" is, in turn, defined as: "Size range from approximately 1 nm to 100 nm.
· Materials manufactured at nano-scale may show significant deviations in physicochemical properties, interaction with biological systems, and/or effects, compared to conventional equivalents.
· Nanomaterials are treated as a group under EU legislation. See Commission Recommendation of 18 October 2011 on the definition of nanomaterial.
Lead substances identified by the Slovakia include titanium dioxide and carbon nanotubes – no specific hazard data was provided. 
Lead substances identified by the European Environmental Bureau include titanium dioxide and silver nanoparticles – specific hazard data was provided.
France and Italy both nominated titanium dioxide (nanoform). In the interest of capturing the information, this nomination was included in the broader background document for nanomaterials. 
	Substance/group scientific name
	Titanium dioxide (nanoform)

	CAS number
	13463-67-7

	EC number
	236-675-5

	Other names
	titanic acid anhydride, TiO2


[bookmark: _Toc522277517]Actors that nominated this substance or substance group
	EU Policy Board
	National Hubs
	Stakeholder Forum

	European Environment Agency
	3
	European Environmental Bureau

	
	Denmark, France, Slovakia, Italy
	


[bookmark: _Toc522277518]Overview of the information submitted
· Gaps in the information provided: Comprehensive document. 
· Hazard: Hazard data provided for lead substances 
· Exposure: Limited HBM data
· Regulatory status: Regulated under REACH, cosmetics and biocides legislation. 
· Public concern: Evidence of public concern
· Technical feasibility: Considerable investment required for further development of biomarkers and analytical methods 
[bookmark: _Toc522277519]Knowledge gaps and proposed research activities
[bookmark: _Toc522277520]European Environment Agency 
Nanomaterials are produced, placed on the market and incorporated into products in the EU. We can assume that there is some degree of human exposure, via consumer goods, via diet, via the environment and/or in the occupational setting. Applications include the use of nanomaterials in the food and feed industry, as well as in cosmetics and in food contact materials, and in a range of consume products. New applications include the use of nanomaterials in the agrochemical industry.
The specific properties of different nano-forms imply that the toxicity profile is specific to the nano-form of a substance. These properties also impact on the fate and behaviour of nanomaterials in the environment and influence their PBTK in humans.
Potential exposure routes include via consumer products, in the occupational setting and via dietary exposure. In particular, nanomaterials used in cosmetics are washed down the drain and end up in sewage sludge. In some countries, sewage sludge is then spread on agricultural land, leading to potential dietary exposure.
Significant knowledge gaps remain regarding the hazards associated with different nanomaterials and nano-forms thereof, as well as the extent of human exposure to nanomaterials.
EEA suggests a scoping study to explore the potential use of human biomonitoring to better understand human exposure. This could focus on nanomaterials known to be produced in higher volumes and for which there are concerns regarding risks to human health, based on early evidence. Relevant exposure pathways to explore could include occupational and via diet.
Proposed research activities: 
· As a starting point, we suggest a focus on nano-silver, nano-silica, nano-titanium dioxide and nano-calcium carbonate.
· A scoping study to explore the usefulness of HBM for understanding human exposure to nanomaterials, as well as fate and behaviour in the human body.
[bookmark: _Toc522277521]Denmark
Animal studies on the toxicity of engineered nanomaterials (EMNs) and epidemiological studies of the adverse health effects of process generated nanomaterials suggest that workers in the nanomaterial industry may be at risk.
So far legally binding health-based OELs (occupational exposure limits) for nanomaterials have not been set. 
However, NIOSH has proposed reduced (mass based) occupational limits for TiO2 in nanosize compared to larger sized TiO2 (Department of Health and Human Services/Centers for Disease Control and Prevention/National Institute for Occupational Safety and Health, 2011)  and in the Netherlands provisional nano reference values have been set (SER 2012).
Since ENMs belong to a rather new technology, only few epidemiological studies on short-term effects and biomarkers of early effects have been performed so far. Human biomonitoring studies would add highly relevant information in the process of setting health-based OELs. In addition, there are only few studies on the levels of exposure of nanomaterials.
Proposed research activities: 
It would therefore be highly relevant to perform:
· Measurements of occupational exposure to nanomaterials at different workplaces
· Biomonitoring studies within the area of nanomaterial exposure
· A review of the scientific literature regarding the current knowledge on biomarkers in humans exposed to nanomaterials
· A review of the scientific literature regarding the current knowledge on biomarkers in animals exposed to nanomaterials.
· New data on particular chemicals.
[bookmark: _Toc522277522]France
Epidemiological studies with well-characterized exposures and adequate follow-up are needed, especially for workers producing or using nanoscale TiO2. Exposure data should include information on particle size, crystal structure, and surface properties. A possible cohort for epidemiologic studies would include workers in industries using TiO2, particularly the ultrafine (nanoscale) TiO2 now used extensively in the cosmetics industry. Workers handling or mixing TiO2 powders with other ingredients would probably be at the greatest exposure.
Given the increasing applications of nano-TiO2 in consumer products (e.g., food or food packaging and skin care products), there is a need to develop better techniques to detect TiO2 in tissues and to examine possible carcinogenicity of nano-TiO2 by other routes of exposure (oral, dermal).
There is also a need to develop suitable toxicology study protocols (clear physico-chemical characterisation, detailed and reproducible protocols, etc.) and exposure studies to assess the health risks of products containing nanomaterials.
Furthermore, studies are needed to draw conclusions about the observed effects, and also to help establish an acceptable daily intake (ADI) for TIO2.
Proposed research activities: 
· New data on particular chemicals
· New data on a specific population groups or subgroups
[bookmark: _Toc522277523]Italy
There is a lack of knowledge about the burden of the general population with these so-called emerging substances. We suggest nanos of Titanium Dioxide (TiO2) for next priority list of compounds.
Proposed research activities: 
· New data on particular chemicals
· New data on a specific population groups or subgroups
· Development of new research activities
[bookmark: _Toc522277524]Slovakia
Nanoparticles are contaminants of emerging concern. 
SVHC (Substances of Very High Concern) Candidates List [REACH Art. 57], aromatic amines, metals and metallic compounds, nanoparticles, and contaminants in food, which are currently being prioritized by an expert group. (Note from EEA – we do NOT find nanoparticles as SVHC on the Candidate List).
Research questions:
1/ What is the current exposure of the EU population (occupational AND environmental exposure) to nanoparticles ?
2/ Is environmental exposure to nanoparticles of concern?
3/ Are there differences in exposure to nanoparticles around Europe?
4/ What is the main route of exposure - diet, consumer exposure, occupation or environmental contamination?
Proposed research activities 
· New data on particular chemicals
· New data on a specific population groups or subgroups
· Development of new research activities
· New approaches to the analysis of existing data
· development of new analytical methods
[bookmark: _Toc522277525]European Environmental Bureau
As a class, nanomaterials include a wide range of particle types that vary on a significant number of characteristics
including:
· Man-made or naturally produced (i.e. particles specifically created in the nano-range that do not exist naturally, ‘bulk’
· materials reduced to the nano-range through human activity, and ‘bulk’ materials that naturally contain particles in the nano-range)
· Size
· Shape
· Surface
· Physical-chemical characteristics 
Given the wide variation in nanomaterial types, we focus here on more comprehensive sources of hazardousness information. Despite recognised limitations to the studies contained in the dossiers, the OECD has produced a series of dossiers on 11 nanomaterials through its Testing Programme of Manufactured Nanomaterials. Although this information can be considered dated (as the dossiers are based on studies collected between 2007 and 2010), is remains the most comprehensive source of information on several nanomaterials.
The 11 nanomaterials are: cerium oxide, dendrimers, fullerenes, gold nanoparticles, multi-walled carbon nanotubes, nanoclays, silicon dioxide, silver nanoparticles, single-walled carbon nanotubes, titanium dioxide, and zinc oxide. More information on the Testing Programme and the individual nanomaterial dossiers can be found here: 
http://www.oecd.org/chemicalsafety/nanosafety/overview-testing-programme-manufactured-nanomaterials.htm 
For many of the nanomaterials, key information is missing on essential aspects such as environmental fate (e.g. photodegradation, stability in water, transport between environmental compartments, and biodegradation), aquatic or terrestrial effects, etc. Human health impacts information is even less present, and exposure information is mostly non-existent.
Given the complexity of nanomaterials’ characteristics and the relatively few high quality scientific studies on nanomaterials’ impacts, there is an urgent need to gather both (eco)toxicological and exposure information on nanomaterials in as efficient a process as possible. Efficiency is hindered by the sheer number of potential nanomaterials which could be considered separate substances (e.g. the same nanomaterial having variations of a few nanometres in size) to be studied, and by the under-availability of knowledge to allow for legitimate and safe read-across (between different nanomaterials with the same characteristics, between the same nanomaterial with different characteristics, or between ‘bulk’ materials and nanoforms).
Proposed research activities: 
· Generation of information on human exposure to nanomaterials.
[bookmark: _Toc522277526]Hazardous properties
[bookmark: _Toc522277527]Current knowledge gaps on hazardous properties
[bookmark: _Toc522277528]European Environment Agency
Some evidence of genotoxic effects. 
The main pending questions are whether: 
(1) lymphocytes are a NM target or an adequate surrogate tissue, 
(2) whether the buccal MN assay might be more suitable for NM exposures via inhalation or ingestion, as buccal cells might be exposed more directly. (Gonzalez and Kirsch-Volders 2016)
Regarding the use of HBM to better understand the health impacts of NM, it should be recognized that potentially relevant health end-points ascribed to ENM (cardiovascular, pulmonary, inflammatory) are often unspecific, show high prevalence in the general population, and share multiple non-occupational risk factors. Thus, to monitor short-term health effects, it is necessary to identify potential biomarkers, assess their relationship with exposure and differentiate subclinical effects and the related biomarkers as well as relevant health end-points potentially ascribed to ENM. In addition to oxidative stress and inflammation, it is important to consider that some of the NM interactions may also result in other forms of injury, such as protein denaturation, membrane damage, DNA damage and immune reactivity.
Questions remain about the appropriateness of biomarkers in assessing such a continuum between ENM exposure and possible health outcomes. There are still a number of obvious gaps that have been identified that need to be filled in order to get a more complete understanding of ENM-induced effects and a meaningful implementation of BM for ENM exposure. BM should fulfil the following criteria: 
(1) the use of suitable and accessible biological matrices; 
(2) suitable parameters, able to reflect internal exposure, biochemical or (early) biological effects; 
(3) suitable and reliable analytical methods which are kept under control by quality assurance; and 
(4) reference and limit values which enable the interpretation of results (Bergamaschi and Magrini 2012).
Dose is critical in determining toxicity and dose is the product of concentration and duration of exposure. The traditional paradigm for human health risk assessment of environmental chemicals involves comparing estimated daily doses to health-based criteria for acceptable, safe, or tolerable daily intakes (e.g. reference doses RfDs, tolerable daily intakes TDIsd, or minimal risk levels MRLs) to assess whether estimated doses exceed such health screening levels. 
Unfortunately, for many chemicals, including ENM, quantitative benchmarks of acceptable or safe concentrations in biological specimens needed to interpret these levels are still lacking.
Biological monitoring (BM) is a powerful tool, but its applicability to ENM requires the development of appropriate biomarkers of exposure and biological effect considering the unusual properties of ENM. Multiple biomarkers can be envisaged to assess effects at the “portal of entry” (e.g. by exhaled breath analysis) or systemic effects (e.g. platelet aggregation and prothrombotic changes, acute phase proteins, oxidative DNA damaged products).
In order to get a meaningful implementation of BM for ENM, there are still a number of conceptual and practical issues, including: 
(1) track temporal trends in levels of exposure; 
(2) identify suitable parameters, able to reflect internal exposure or early/reversible biological changes;
(3) reliable analytical methods which are kept under control by quality assurance; and 
(4) establishing reference ranges and limit values which enable the interpretation of results. (Bergamaschi and Magrini 2012)
Additional references:
· ( Gaffet 2011; Geary, Morris, and Salem 2016; Yokel and MacPhail 2011; Cockburn et al. 2012; Ray, Yu, and Fu 2009)
[bookmark: _Toc522277529]Denmark
Not possible to enter information for the group "nanomaterials" because the group consists of many different chemicals.
[bookmark: _Toc522277530]France
RAC very recently classified TiO2 as Carc.2 by inhalation (CLP classification will follow).
The classification provided by companies to ECHA in CLP notifications also identifies that this substance is suspected of causing cancer, thus a concern exists.
[bookmark: _Toc522277531]Italy
The IARC has classified TiO2 and its nanoform (ultrafine) as a possible carcinogen (group 2B) by inhalation (Carbon Black, Titanium Dioxide and Talc, IARC vol 93)
For occupational exposures, the NIOSH (National Institute for Occupational Safety and Health) recommends exposure limits of 0.3 mg/m3 for ultrafine (including engineered nanoscale) TiO2, as time-weighted average (TWA) concentrations for up to 10 hours per day during a 40-hour work week
In the cosmetic area, the SCCS (Scientific Committee on Consumer Safety) consider safe the use of TiO2 and ZnO in their nanoforms as UV-filter in cosmetic products in a concentration up to maximum 25.0 % (SCCS/1516/13; SCCS/1518/13) for application on healthy, intact or sunburnt skin.
Whilst, TiO2 and ZnO nano are not to be used in applications that may lead to exposure of the end-user's lungs by inhalation (SCCS/1583/17; SCCS/1539/14).
Recently updated as well as newly proposed EU legislation in several sectors as biocidal products (528/2012), cosmetic products (1223/2009), novel food (2015/2283), food additives (1333/2008), plastic food contact materials (10/2011), medical devices (745/2017), clearly address nanomaterials.
[bookmark: _Toc522277532]Slovakia
· hazards of nanoparticles are not properly understood
· susceptible populations need to be defined
· role of physico-chemical properties in biological reactivity of nanoparticles is not understood
Additional references: 
· (Bergamaschi 2009, 2012; Bergamaschi et al. 2009; Bergamaschi and Magrini 2012; Bergamaschi et al. 2014, 2015; Iavicoli et al. 2013; Koedrith et al. 2015; Riediker et al. 2012; Marie-Desvergne et al. 2015; Barrie et al. n.d., HEALs, 2015)
[bookmark: _Toc522277533]European Environmental Bureau
According to the European Commission’s Scientific Committee on Consumer Safety (SCCS, which is asked to provide opinions on specific nanomaterials present in cosmetic products): “It has emerged from extensive studies that some materials manufactured at nano-scale may show significant deviations in physicochemical properties, interaction with biological systems, and/or effects, compared to conventional equivalents. For example, nanoparticles in the lower nanometre (nm) range may penetrate biological membrane barriers that normally prevent the entry of (larger) particulate materials (Jani et al., 1990, Geiser and Kreyling 2010). 
It is therefore possible that, if internalised in the form of nanoparticles, some insoluble or partially-soluble materials may be able to reach certain parts of the body that could not be reached by larger particles. As the size at the nanoscale may be accompanied by certain specific physicochemical properties, detailed characterisation of the nanomaterial submitted for risk assessment becomes crucially important. Characterisation is also important for proper identification of the nanomaterial. Thus, in addition to the chemical identification, specific information relating to the characteristics and properties of the nanomaterial will also need to be provided.” (SCCS, 2012.)
Additional input on hazard from the European Environmental Bureau
On the specific nanomaterials of titanium dioxide and silver, several hazardous properties have been identified.
Titanium dioxide
In 2006, the International Agency for Research on Cancer (IARC) evaluated TiO2 as “possibly carcinogenic to humans” (Group 2B) based primarily on studies in rats. Inhalation exposures to TiO2 in rats can result in lung effects and lung tumours (IARC, 2006/2010).
In 2011, the US National Institute for Occupational Safety and Health (NIOSH), concluded that ultrafine TiO2 is a potential occupational carcinogen (NIOSH, 2011). According to NIOSH, the higher mass-based potency of ultrafine TiO2 compared to pigmentary TiO2 is associated with the greater surface area of ultrafine particles for a given mass. The NIOSH classification of ultrafine TiO2 as a carcinogen is based on an inhalation study at a single concentration in rats. The classification does not sit well with some in the TiO2 producer community. Producers have noted that multiple real-world epidemiological studies in the highest-exposed workers have found no association between TiO2 exposures and lung cancer or non-cancer-related lung effects in humans.
In the EU, titanium dioxide has gone to the EU’s Scientific Committee on Consumer Safety for opinion on several occasions (on the material itself for use as a UV filter, and in relation to coatings used with titanium dioxide). In a revised 2014 opinion, although based on ‘quite patchy’ safety data provided in support of the nanomaterials in question, the SCCS concluded “that the use of TiO2 nanomaterials with specific characteristics, at a concentration up to 25% as a UV-filter in sunscreens, can be considered to not pose any risk of adverse effects in humans after application on healthy, intact or sunburnt skin. This, however, does not apply to applications that might lead to inhalation exposure to TiO2 nanoparticles (such as powders or sprayable products).”
The SCCS also stated that “Some TiO2 nanoparticles have been shown to be able to damage DNA and should be considered genotoxic. However as negative results have also been reported, the current evidence in relation to potential genotoxicity of TiO2 nanomaterials is not conclusive. TiO2 particles have also shown to lead to carcinogenic effects after inhalation. … It is also worth highlighting again that this opinion is based on the currently available scientific evidence which shows an overall lack of dermal absorption of TiO2 nanoparticles. … It should also be noted that the risk assessment of nanomaterials is currently evolving. In particular, the toxicokinetics aspects have not yet been fully explored in the context of nanoparticles (e.g. the size dependency). Also, long term stability of the coatings remains unclear. At the moment, testing of nanomaterials and the present assessment, are both based on the methodologies developed for substances in non-nano form, and the currently available knowledge on properties, behaviour and effects of nanomaterials. This assessment is, therefore, not intended to provide a blue-print for future assessments of other nanomaterials, where depending on the developments in methodological risk assessment approaches and nano-specific testing requirements, additional/different data may be required and/or requested on a case-by-case basis. It is also important to note that the potential ecotoxicological impacts of nano TiO2 when released into the environment have not been considered in this opinion.” (SCCS, 2014)
In mid-2015, the French authorities submitted an intention to propose that titanium dioxide receive a harmonised classification as a category IB carcinogen. Under REACH such a classification would put TiO2 on an SVHC list, and would then need to be restricted in consumer applications. The French Agency for Food, Environmental and Occupational Health and Safety (Anses), submitted the proposal. France says that due to the “lack of transparent reporting” on the types and number of compositions considered to be covered, in terms of crystalline phase, morphology and surface chemistry, “the impact on the hazard profile, when the parameters vary, cannot be established from the information included in the registration dossier.” The registration dossier “clearly states” that all possible variations are considered equivalent in terms of hazard profile, the report says. Taking these statements into account, the approach applied in the REACH dossier was used to support the scope of the proposed entry in Annex VI of CLP. The evaluation of TiO2 was begun in 2016, with France as the evaluating member state (ANSES 2015; ANSES 2016; ChemicalWatch 2015). 
An opinion should be given by ECHA’s Risk Assessment Committee by early 2017. On the basis of this opinion, the European Commission will decide whether a classification for TiO2 will be included in the CLP Regulation, which would then trigger restriction conditions (VeilleNanos 2017).
Silver 
When released into the environment, nano scale silver undergoes transformations depending on its environment (Harman et al, 2015), but further literature is still required to carry out a full level assessment (Wijnhoven et al. 2009), especially as the use of silver in consumer products is increasing.
The best described effect of nano silver chronic exposure is aryria or aryrosis, which is a permanent a permanent bluish-grey discoloration of the skin and/or eyes”.
The French Agency for Food, Environmental and Occupational Health and Safety (anses) stressed that the research carried out prior to the publication of its opinion (April 2014) was not sufficient to allow a complete assessment of nano silver risks due to contradictory studies. The agency however recommended “that the use of silver nanoparticles (production, processing, utilisation) be limited to applications whose advantages have been clearly demonstrated, and whose benefits to human health outweigh the risks for the environment” (); it also determined the potential resistance of bacteria to these nanoparticles.
In an opinion of the Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) of June 2014 (SCENIHR, 2014) the potential adverse effects of nanosilver were assessed through various and recent scientific evidence of published scientific opinions. The opinion states: “Silver and nano silver are clearly shown to have toxic potential although toxicity in general in humans seems to be low”. The SCENIHR opinion in vitro studies showed cytotoxic effects, genotoxic DNA damaging capacity and developmental toxicity of nano silver: “In laboratory studies, the genotoxic effect of nano silver was demonstrated. However, the genotoxic effects of Ag-NPs seen in vitro may also be a consequence of effects seen only in vitro and probably depend on Ag-NP coating and cell type. Also the way the cell exposure is performed probably affects the results (…). Genotoxicity studies in vivo are few and concern Ag-NPs of variable characteristics. The in-vivo genotoxic studies could not confirm or negate the genotoxicity of Ag-NP. Further studies are required to conclude whether Ag-NPs could be genotoxic in vivo.”
SCENIHR considers that differences between studies’ outcomes may arise from the type of nano silver, the exposure technique or the exposure duration: for instance, “[b]oth high cytotoxicity (2-5 μg/mL; Hussain et al. 2005; Soto et al. 2007, Park et al. 2011a) as well as almost no cytotoxicity (up to 100 μg/mL) have been reported (Samberg et al. 2012). The apparent conflicting results on the cytotoxicity of Ag-NPs may partly reflect differences among the studies in the type of Ag-NPs tested (primary particle size, coating, surface charge, solubility), cell type (uptake, sensitivity), and the technique used for exposing the cells such as dispersion method (dispersing agent, sonication, agglomeration, etc.) and exposure duration, resulting in variable exposure to Ag ions and/or Ag-NPs as well as their characteristics that may be important for toxicity (Ellegaard-Jensen et al. 2012; Nymark et al. 2013)”. The same difficulties apply to the assessment of genotoxicity, depending on their size or where nano silver particles have been modified with detergents (or coatings) to prevent agglomeration (SCENIHR, 2014).
Generally, distribution of nano silver after systemic availability was demonstrated at high or low levels to most major human organs such as the spleen, liver, and kidney; high levels of silver has sometimes been demonstrated in testes, and persistence was characterised.
The SCENIHR opinion also concluded that nano silver has effects on the composition of bacterial flora and current literature indicates that “it is becoming evident that the coating of Ag-NPs plays a role in the toxicity expressed by the particles” (SCENIHR, 2014).  
Nano silver is also suspected to induce bacterial resistance when associated with certain conditions and use (SCENIHR, 2014). In line with the SCENIHR conclusions, a study part-funded by the nanoFATE project concluded that silver nanoparticles could pose risk to aquatic ecosystems (Matzke, Jurkschat, and Backhaus 2014). More specifically: “The size of the nanoparticles had no clear effect on toxicity. This is in contrast to other studies, which have suggested that smaller nanoparticles are more toxic. In this study the smallest (8 nm) particle had intermediate levels of toxicity with EC50 and EC05 values of 3.46 and 0.73 μg/L. The authors argue that it was the rate of ion release, rather than shape or size, which was the driving factor for toxicity.” “The most toxic form of nanoparticle was uncoated 20 nm particles, with EC50 and EC05 values of 0.25 and 0.13μg/L. Tannic acid coated particles showed intermediate toxicity, (1.03 μg/L and 0.22 μg/L, respectively) and citrate coated particles were the least toxic, with the highest ECs (13.5 μg/L and 3.41 μg/L, respectively). There was no obvious explanation for these differences.”. The greater toxicity of silver nitrate has regularly (although not uniformly) been found in other studies.
An EFSA evaluation of silver as food additive xiv concluded that “the information available was insufficient to assess the safety of silver as food additive.” “The Panel noted that the outcomes of immunotoxicity studies performed with silver nanoparticles in vitro and in vivo after oral administration were variable but always suggestive of an effect of the treatment with silver on the immune system. Inconsistencies in the outcomes (immune-stimulation or suppression) might be due to different material, doses, duration of exposure and animal or cell models used. Overall, they indicate that silver particles cytotoxicity and immunomodulatory activities are influenced by both their size and the rate of surface dissolution, leading to the release of silver ions, which seemed to be the most active form. Owing to the possibility that silver ions can be released from silver use as a food additive even if not under a nanoparticulate form, the Panel considered that the immunomodulation effects observed in studies using silver nanoparticles are relevant for silver used as a food additive and that further investigation is warranted.”(EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS) 2016).
In 2009 already, the German BfR recommended not to use silver nanoscale products in food or everyday products due to health risks for consumers. It raised concerns over the nano silver characteristics consisting in growth inhibition and considered that the “antimicrobial effect of silver is based on this mechanism. Nano-silver presents a particular situation. While the antibacterial effect of nano-silver is also based on the release of silver ions, due to the considerable surface-volume ratio and their special behaviour in the human body, they may also include other mechanisms of action. The nano-formulation of silver may cross biological barriers into the cell” (BfR, 2017).
A study showed toxicity of silver nano to common bacteria, having potential indirect effects on the whole (Wang et al. 2016). The concerns also arise from the bacterial resistance to silver nano. The end of life circle of silver waste is also of concern as nano products, if not recycled, will end up in the environment.
[bookmark: _Toc522277534]Hazard classifications
[bookmark: _Toc522277535]Hazard classification for titanium dioxide –proposed by France
	Responses to survey questions on hazard classifications

	IARC classifications
	2B

	CLP Carcinogen
	2

	Repr. 1B
	-

	STOT SE 
	-

	STOT RE 
	-

	Neurotoxic
	-

	Immunotoxic
	-

	Respiratory sensitizer
	-

	Endocrine disrupting substance
	-

	REACH SVHC
	

	Emerging substance
	



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


	There is no harmonised classification and there are no notified hazards by manufacturers, importers or downstream users for this substance.

	Reference: ECHA Brief Profile on titanium dioxide 


[bookmark: _Toc522277536]Persistence and bioaccumulation potential
	PBT
	-

	vPvB
	-

	Very Persistent
	-


[bookmark: _Toc522277537]Exposure characteristics
[bookmark: _Toc522277538]Current knowledge gaps on exposure
[bookmark: _Toc522277539]European Environment Agency
There is a lack of exposure data regarding human exposure to nanomaterials via different pathways and routes. The majority of data used in risk assessments currently is modelled based on production volumes. However, production data is also scare, implying the there are many assumptions in the models.
Therefore, there is a need for the implementation of human biomonitoring studies of genotoxic effects after NM exposures in order to monitor and assure safety for workers and the general population.
HBM could be used to improve understanding of certain groups to nanomaterials, in particular via occupational and dietary exposure.
Currently, biomonitoring of exposures to nanomaterials is very limited because biomarkers of exposure to nanoparticles needed to conduct biomonitoring are in the early stages of the development. This is complicated by great variety of chemical and physical properties of nanoparticles resulting in a wide range of biological responses.
References:
· (SCENIHR, (Goswami et al. 2017; Peters et al. 2016)
[bookmark: _Toc522277540]Denmark
No information provided.
[bookmark: _Toc522277541]France
No information provided.
[bookmark: _Toc522277542]Italy
Many products may incorporate nanoscale TiO2; the bioaccumulation and fate of nano TiO2 in humans are unknown. Human biomonitoring might address these gaps.
[bookmark: _Toc522277543]Slovakia
· Methods of HBM for nanoparticles are limited, 
· suggested biomarkers of exposure/effects/susceptibility should be validated, 
· biomarkers of effect used so far are quite unspecific, 
· exposure limits are not defined
[bookmark: _Toc522277544]European Environmental Bureau
Nanomaterials are used in a wide range of products, whether for consumer or industrial use. They include: cosmetics and personal care products, clothing and textiles, paints and varnishes, automotive, electronics, building products, energy generation and storage, military and defence, and water treatment.
In this respect, concerns over exposure to nanomaterials found in products relates to the potential high exposure due to their integration into such a wide range of products and to the potential for the nanoparticles to ‘leach’ out of the product and to enter the body.
Through the Cosmetics Regulation, the Scientific Committee on Consumer Safety (SCCS) has to date been asked to provide opinions on a number of nanomaterials. To late 2017, these nanomaterials are carbon black, hydroxyapatite, silica, titanium dioxide in nano-coatings and as UV-filter, 2-2-methylene-bis, and zinc oxide. Requests for opinions are underway for colloidal silver and styreneacrylates copolymer. 
According to the SCCS: “The main safety concerns in relation to the use of nanomaterials in cosmetics relate to whether such products could lead to:
1. local and systemic exposure to nanoparticles;
2. harmful effects as a result of the exposure; and
3. a potential risk to the consumer.” (SCCS, 2012)
Through its opinions, the SCCS has proposed restrictions on the use of nanomaterials in various products. Examples of this include:
Zinc oxide (nanoform): on the basis of available evidence, use of zinc oxide nanoparticles at a concentration up to 25% as a UV-filter in sunscreens can be considered not to pose a risk of adverse effects in humans after dermal application. This opinion does not apply to sprayable products that might lead to inhalation exposure. This opinion also provided specific characteristics of the zinc oxide nanoparticles addressed in the opinion, thereby not providing an opinion on zinc oxide as a complete class of nanomaterials.
Carbon black: on the basis of available evidence, use of carbon black CI 77266 in nano-structured form, with a size of 20 nm or larger at a concentration up to 10% as a colorant in cosmetic products, is considered to not pose any risk of adverse effects in humans after application on healthy, intact skin. This opinion does not apply to applications that might lead to inhalation exposure to carbon black nanoparticles, where the preparation might lead to inhalable particles.
Titanium dioxide: on the basis of available evidence, the use of TiO2 nanomaterials at a concentration up to 25% as a UV-filter in sunscreens can be considered to not pose any risk of adverse effects in humans after application on healthy, intact or sunburnt skin. This opinion does not apply to applications that might lead to inhalation exposure toTiO2 nanoparticles (such as powders or sprayable products). This opinion also provided specific characteristics of the titanium dioxide nanoparticles addressed in the opinion, thereby not providing an opinion on titanium dioxide as a complete class of nanomaterials.
More broadly, the OECD’s Testing Programme on Manufactured Nanomaterials did not collect information on exposure. No such comprehensive source of information exists.
While nano silver is contained in various hygienic, cosmetics, and textile products, they are difficult to track because except for cosmetics, biocides, and food stuff, there is no obligation to label the presence of nanomaterials.
Furthermore, recent tests and studies in France and other countries have demonstrated that where the labelling obligation exists, it is very poorly implemented, if at all.
[bookmark: _Toc522277545]Availability of HBM data
Yes, but there are very few studies. 
See: 
· (Gonzalez and Kirsch-Volders 2016b; Iavicoli, Leso, and Schulte 2016; Liou et al. 2015; Pelclova et al. 2016, 2017)
[bookmark: _Toc522277546]Exposure media
· Air
· Food
· Water
· Soil
· Multisource exposure
· Consumer products - cosmetics and personal care products, clothing and textiles, paints and varnishes, automotive, electronics, building products
Occupational exposure by inhalation of powders is the main concern. However, exposure to consumer products and food containing ENM may also constitute a limited risk.
Nano titanium dioxide is widely used to provide whiteness and opacity to products such as paints, plastics, papers, inks, foods, and toothpastes. It is also used in cosmetic and skin care products, and it is present in almost every sunblock, where it helps protect the skin from ultraviolet light (Government of Canada 2009).
[bookmark: _Toc522277547]Exposure sources
Nanomaterials are incorporated in many types of products e.g. to increase strength (e.g. bike frames) or scratch resistance (e.g. paints). Therefore, exposure to nanomaterials may occur in many different industries. However, pulmonary exposure to nanomaterials in powder form is the main concern.
Nanomaterials are used across almost all industrial sectors and product categories, including cosmetics, industrial chemicals and medicines. Because of their widespread use, consumers, workers, and the environment may also be exposed to them in many different ways. Workers handle them in manufacturing processes as raw materials. When these are processed through the lifecycle in various downstream applications, many more will be using them either in products such as paints or in articles, for example, printers. There is a difference between those products and articles that have been manufactured using nanotechnology and those that, when they are used, still contain free nanoparticles.
Nanotechnology applications can be found in agricultural production, animal feed, food processing, food additives and food contact materials (hereinafter referred to as agri/feed/food). The majority of the applications of nanomaterials that we identified concerned application in food as food additives and food contact materials, while much fewer applications seem to be developed for agriculture and feed. Nano-encapsulates, silver, titanium dioxide and silica are the most often mentioned nanomaterials in the literature. About half of the identified applications are claimed to be already in use. In-development applications are found for nano-encapsulates and nanocomposites in novel foods, food and feed additives, biocides, pesticides and food contact materials.
Nano titanium dioxide
Release to the environment of this substance is likely to occur from: indoor use (e.g. machine wash liquids/detergents, automotive care products, paints and coating or adhesives, fragrances and air fresheners), outdoor use, indoor use in close systems with minimal release (e.g. cooling liquids in refrigerators, oil-based electric heaters) and outdoor use in close systems with minimal release (e.g. hydraulic liquids in automotive suspension, lubricants in motor oil and break fluids).
Sunscreens and cosmetics, personal care products, paint, packaging, clothing, plastics, rubber and ceramics, jewellery, paper, toys, etc. Occupational exposure through the air resulting from indoor and outdoor use in industrial settings. 

[bookmark: _Toc522277548]Production volumes
Unknown. 
Nano titanium dioxide: >1000 tonnes per annum
See: https://euon.echa.europa.eu/da/home 
http://www.chemsafetypro.com/Topics/EU/Regulations_on_Nanomaterials_in_EU_and_Nano_Register.html 
See the OECD series on nanomaterials at: http://www.oecd.org/env/ehs/nanosafety/publications-series-safety-manufactured-nanomaterials.htm 
[bookmark: _Toc522277549]Environmental releases
Norman Network does work on nanomaterials as environmental contaminants, including their presence in treated waste water. see: http://www.norman-network.net/?q=node/123 
No data on nanomaterials is collected in the E-PRTR. 
[bookmark: _Toc522277550]Human exposure
[bookmark: _Toc522277551]Human exposure routes
· Dermal
· Inhalation
· Oral
· Trans-placental
[bookmark: _Toc522277552]Prevalence of exposure
· Prevalence of exposure is unknown. 
· Certain sub-populations are exposed. 
Nano titanium dioxide 
· There is widespread exposure of the general population
· There is widespread exposure of workers
[bookmark: _Toc522277553]Highly exposed groups
· Infants and children
· Adults
· Pregnant women
· Elderly people
· Workers (professional and/or industrial)
Nano titanium dioxide: 
· Workers (professional and/or industrial)
· Individuals of a lower socio-economic status. 
[bookmark: _Toc522277554]Vulnerable groups
· Infants and children
· Pregnant women
· Elderly people
· Workers (professional and/or industrial)
EEA: We do not yet have enough information to identify vulnerable groups.
Nano titanium dioxide: 
· Workers (professional and/or industrial)
· Individuals of lower socio-economic status
[bookmark: _Toc522277555]Regulation and policy
[bookmark: _Toc522277556]Current policy questions
	Question
	Source

	The prevalence and health impacts of human exposure to nanomaterials is unknown, both for the general population and in particular for workers in the occupational setting.
	European Environment Agency

	Knowledge is needed on the exposure of workers to nanomaterials known to have hazardous properties.
	European Environment Agency

	Knowledge is needed on the potential exposure of the general population to nanomaterials via food and feed, via cosmetics and potentially via the use of waste water on agricultural land.
	European Environment Agency

	The Danish Work Environment Council has made a number of recommendations on engineered nanomaterials in the Work environment to the Danish Minister for Employment (Danish Work Environment Council, 2017) 
Two of the recommendations are that work place measurements of nanomaterials should be performed and that limit values for specific nanomaterials in the Work environment should be established when the knowledge is sufficient. In that respect, biomonitoring studies of nanomaterials would be of importance.
	Denmark

	Human biological monitoring might answer to questions about assessment of exposure and possible effects deriving from exposure to nanos of TiO2 (e.g., biopersistence, clearance, systemic circulation and tissue/organ accumulation).
	Italy 

	Regulatory measures have been taken at the EU level through specific product legislation. Nanomaterials are regulated explicitly through the Biocidal Products Regulation, the Cosmetics Regulation, the Food Information to Consumers Regulation, and the Novel Food Regulation.
The EU’s horizontal chemicals legislation, REACH, has yet to be revised to specifically address nanomaterials. Work on REACH Annex amendments began in 2011, but an official Commission proposal has yet to be presented. The decision to integrate nanomaterials explicitly in chemicals legislation was taken due to few inclusions of nanoforms in substance registration dossiers required through REACH. The option of revising REACH Annexes, rather than preparing
a separate piece of legislation specific to nanomaterials, was preferred by the European Commission as it was considered a quicker option.
Despite many nanomaterials being placed on the EU market and being integrated into products also available on the EU market, little to no safety data is officially supplied through regulatory requirements.
	European Environmental Bureau


[bookmark: _Toc522277557]EU Regulations
	Chemicals legislation

	Recommendation on the definition of a nanomaterial (2011/696/EU)
The EU adopted a definition of a nanomaterial in 2011. Its provisions include a requirement for review "in the light of experience and of scientific and technological developments. The review should particularly focus on whether the number size distribution threshold of
50 % should be increased or decreased". The Commission is expected to conclude the review in 2016, following the consultation of its draft findings with the stakeholders towards the end of 2015 and a public consultation planned to be published in Summer 2016 or shortly after.
According to the Recommendation a "Nanomaterial" means:
· A natural, incidental or manufactured material containing particles, in an unbound state or as an aggregate or as an agglomerate and where, for 50 % or more of the particles in the number size distribution, one or more external dimensions is in the size range 1 nm - 100 nm.
· In specific cases and where warranted by concerns for the environment, health, safety or competitiveness the number size distribution threshold of 50 % may be replaced by a threshold between 1 and 50 %.
· By derogation from the above, fullerenes, graphene flakes and single wall carbon nanotubes with one or more external dimensions below 1 nm should be considered as nanomaterials.

	 Second Regulatory Review on Nanomaterials and Commission Staff Working Paper on the Types and uses of nanomaterials, including safety aspects 

	Registration, Evaluation, Authorisation & Restriction of Chemicals (REACH)
Nanomaterials are covered by the definition of a "substance" in REACH, even though there is no explicit reference to nanomaterials. The general obligations in REACH, such as registration of substances manufactured at 1 tonne or more and providing information in the supply chain apply as for any other substance. The Commission Communication on the Second Regulatory Review on Nanomaterials (October 2012) as well as the REACH Review (February 2013) concluded that REACH and CLP offered the best possible framework for the risk management of nanomaterials when they occur as substances or in mixtures. However, within this framework more specific requirements for nanomaterials have proven necessary.
Therefore, the Commission is considering modifying some of the technical provisions in the REACH Annexes. The Commission is presently finalising the impact assessment. Its conclusions and the corresponding proposal for modification are being discussed in the CASG Nano, a subsidiary working group to the Competent Authorities for REACH and CLP (CARACAL).

	Classification Labelling & Packaging (CLP) 
Nanomaterials that fulfill the criteria for classification as hazardous under Regulation 1272/2008 on classification, labelling and packaging (CLP) of substances and mixtures must be classified and labelled. This applies to nanomaterials as substances in their own right, or nanomaterials as special forms of the substance.
The Nanomaterials Expert Group (ECHA-NMEG) was established in October 2012 with the support of the competent authorities for REACH and CLP (CARACAL) and for Biocides. This informal advisory group supports the implementation of ECHA’s Workplan for Nanomaterials 2016-2018 and provides information and advice on scientific and technical issues regarding the implementation of REACH, CLP and BPR legislation in relation to nanomaterials.
Titanium dioxide
Substance included in the Community Rolling Action Plan (CoRAP), see: https://echa.europa.eu/information-on-chemicals/evaluation/community-rolling-action-plan/corap-table/-/dislist/details/0b0236e1807ebca5 

	Regulation (EU) No 528/2012 of the European Parliament and of the Council of 22 May 2012 concerning the making available on the market and use of biocidal products
The Biocidal Products Regulation has specific provisions for nanomaterials. The provisions apply to products and substances that meet the criteria defined in the Biocidal Products Regulation. These definitions are based on the Commission recommendation on the definition of nanomaterials.
These provisions apply for active and non-active substances with the following characteristics:
· 50% or more of the particles have a size of 1-100 nm in at least one dimension
· Particles are in an unbound state or as an aggregate or agglomerate
The Commission may adapt this definition depending on technical and scientific progress, and it may also, at the request of a Member State, adopt a decision on whether a specific substance is a nanomaterial. 
According to the BPR, the approval of the active substance does not cover the nanoform of the active substance except where explicitly mentioned. A separate dossier with all data requirements must usually be prepared for nanoforms of active substances. A dedicated risk assessment is needed when the nanoform of the active and non-active substances are used in a biocidal product. The label of the biocidal product must show the name of each nanomaterial followed by the word "nano" in brackets. Products containing nanomaterials are excluded from the simplified authorisation procedure.

	Consumer safety legislation

	Regulation (EC) No 1223/2009 of the European Parliament and of the Council of 30 November 2009 on cosmetic products
In the EU, responsible persons (i.e. manufacturers, importers or third persons appointed by them) are required to register cosmetic products on the cosmetic products notification portal (CPNP) (Regulation (EC) No 1223/2009, Art. 13 (1). The notification must specify whether the product contains nanomaterials, with their identification and the foreseeable exposure conditions.
In addition, cosmetic products containing nanomaterials other than colourants, preservatives and UV-filters and not otherwise restricted by Regulation (EC) No 1223/2009 are subject to an additional procedure. They require a specific notification on the CPNP 6 months before placement on the market (Art. 16 (3)). If the European Commission has concerns regarding the safety of a nanomaterial, it may request the scientific committee on consumer safety (SCCS) to perform a risk assessment.
Certain groups of substances, i.e. colourants, preservatives and UV-filters, including those that are nanomaterials, must be authorised by the European Commission prior to their use in cosmetic products. An opinion from the SCCS, which reviews submitted toxicological data, precedes this authorisation. Up until now, the Commission has authorised 3 UV-filters as nanomaterials: titanium dioxide, zinc oxide and tris-biphenyl triazine. It has also allowed carbon black (nano) for use as a colourant in cosmetic products.
Nanomaterials must be labelled in the list of ingredients with the word 'nano' in brackets following the name of the substance.
Catalogue of Nanomaterials: http://ec.europa.eu/docsroom/documents/24521
According to Regulation (EC) No 1223/2009 Article 16 (10a) the Commission has to publish a catalogue of all nanomaterials used in cosmetic products placed on the market. Nanomaterials used as UV-filters, colourants and preservatives must be specified in a different section. The catalogue should indicate the categories of cosmetic products and the foreseeable exposure conditions.
Responsible persons electronically notify the European Commission with information on nanomaterials in their products through the cosmetic products notification portal. The catalogue is based on this information.

	Occupational health and safety

	So far legally binding health-based OELs (occupational exposure limits) for nanomaterials have not been established.
Managing nanomaterials in the workplace - see https://osha.europa.eu/en/emerging-risks/nanomaterials 


[bookmark: _Toc522277558]National regulations 
	 Nano registries in France, Denmark, Belgium - see:
http://www.chemsafetypro.com/Topics/EU/Regulations_on_Nanomaterials_in_EU_and_Nano_Register.html

	ACGIH : TLV – TWA : 10 mg/m3 ; TWA: 15 mg/m3


[bookmark: _Toc522277559]Regulatory guidance values
NIOSH has proposed reduced (mass based) occupational limits for TiO2 in nano-size compared to larger sized TiO2 (Department of Health and Human Services/Centers for Disease Control and Prevention/National Institute for Occupational Safety and Health, 2011) and in the Netherlands provisional nano reference values have been set (SER 2012).
See the proposed TDI for silver nanoparticles (Hadrup and Lam 2014) 
· Dose level, NOAEL, 0.25 mg/kg d as 42 nm silver nanoparticles 
· TDI - 2.5 μg/kg of bw/day
[bookmark: _Toc522277560]Human biomonitoring values
No information available. 
[bookmark: _Toc522277561]Risk assessment
See: (Aylward et al. 2016)
[bookmark: _Toc522277562]Public concern
Ongoing absence of safety information on nanomaterials despite their inclusion in production processes and final products has resulted in little to no consumer information available on the verifiable presence or absence of nanomaterials in products. In addition to this lack of transparency, several years ago products with ‘nano’ in their names or claiming to contain or be made using nanomaterials were shown not to contain nano at all.
Given the complexity of nanomaterials’ characteristics and the relatively few high quality scientific studies on nanomaterials’ impacts, there is an urgent need to gather both (eco)toxicological and exposure information on nanomaterials in as efficient a process as possible. Efficiency is hindered by the sheer number of potential nanomaterials which could be considered separate substances (e.g. the same nanomaterial having variations of a few nanometres in size) to be studied, and by the under-availability of knowledge to allow for legitimate and safe readacross (between different nanomaterials with the same characteristics, between the same nanomaterial with different characteristics, or between ‘bulk’ materials and nanoforms).
References on public concern:

Media coverage: https://www.theguardian.com/what-is-nano/nanotechnology-small-food-for-thought (Cressey 2013)
Publications: (Lapresta-Fernández, Fernández, and Blasco 2012)
Nanomaterials are not included on the SIN list.
NGO campaigns on nanomaterials:
	NGO
	Link to campaign

	HEAL
	http://www.env-health.org/resources/publications/article/nanotechnology-and-health-risks 

	ChemTrust
	http://www.chemtrust.org/wp-content/uploads/CHEM-Trust-Nano-Policy-Paper-Apr13-FINAL.pdf 


Titanium dioxide: 
A group of NGOs led by the European Environmental Bureau (EEB) has written to the Titanium Dioxide Manufacturers Association (TDMA) to express their continuing concerns about the safety of the substance. http://www.wecf.eu/english/articles/2013/09/titaniumdioxide-ngoletter.php 
[bookmark: _Toc522277563]Technical feasibility
[bookmark: _Toc522277564]Availability of biomarkers and methods
Biomarkers and analytical methods are available, and under development. 
· (Aylward et al. 2016)
· (Bergamaschi et al. 2015)
· (Kolossa-Gehring et al. 2017)
· (Bergamaschi and Magrini 2012)
· (Gonzalez and Kirsch-Volders 2016b)
· (Iavicoli, Leso, and Schulte 2016)
[bookmark: _Toc522277565]Work required to develop new approaches
NRCWE (DK) has a wide range of established biomarkers of effect, eg:
· DNA strand breaks by the Comet assay
· SAA and CRP acute phase proteins by ELISA
In addition, we have an extensive experience in work place measurements.
HBM of nanomaterials remains in its infancy and the development of both biomarkers and analytical methods is required.
Biomarkers are available for silver nanomaterials. Silver has been monitored in blood or urine in a variety of contexts including occupational exposure monitoring (Di Vincenzoet al., 1985; Lee et al., 2012), evaluation of silver exposure inpatients undergoing treatment with wound care products thatemploy silver (Bader 1966), and in surveys of general population exposure to chemicals via biomonitoring (Health Canada 2010)). (Aylward et al. 2016)
Relying on the recent advances in the toxicogenomic, it is possible to assess whether specific biological pathways are activated or perturbed by specific NM. However, to evaluate if quantitative changes in these biomarkers can be used as indicators or predictors for toxicity in humans, validation on well characterised groups of exposed people is needed.
At present, it appears more pragmatic to evolve NM-associated biomarker identification considering relevant biological responses found in environmental and occupational studies and assessing the early events associated with exposure to these NM. The battery of biochemical markers includes soluble molecules, antioxidant capacity, peroxidated lipids and carbonyl groups in serumproteins as a biomarkers of systemic inflammation and vascular adhesion molecules to assess endothelial activation/damage. Abnormalities in exhaled breath condensate chemistry reflecting intrinsic changes in the airway lining fluid and lung inflammation seem promising tools suitable for BM studies and are broadly discussed. (Bergamaschi 2012)
Titanium dioxide: 
BM of effect: increase in markers of inflammation, markers of lipid oxidation as well as DNA and protein oxidative damage in exhaled breath condensate of workers exposed to nanoTiO2 (Pelclova et al 2017).
BM of effect (https://monographs.iarc.fr/ENG/Publications/techrep42/TR42-4.pdf):
A number of recent studies have identified markers of inflammation, including granulocyte macrophage colony stimulating factor (GM-CSF)mRNA expression and secretion in a human bronchial epithelial cell line (16HBE14o-) (Hussain et al., 2009) and interleukin (IL)-8 production in a human alveolar epithelial type II cell line (A549), which is a pro-inflammatory cytokine also produced in vivo (Duffin et al., 2007).
MicroRNA signatures may provide a marker linking inflammation, immune response, and cancer (Hussain and Harris 2007), although this has not been examined specifically in conjunction with particle-elicited inflammation. Markers of oxidative DNA damage (e.g., 8-OHdG) may provide an indication of the particle-elicited oxidative stress. However, none of these markers is specific to TiO2, nor was it determined how feasible these biomarkers would be for testing in exposed populations.
A five step procedure is required:
1. determination whether the material consists of nanoparticles
2. determination of the size of constituent particles
3. identification of the type of constituent particles
4. determination of the median value of the particle size distribution to classify the material according to the EC definition
5. determination of the weight of the nano-forms to evaluate the safety of use
Specific technical challenges are:
· sample preparation techniques which can change the size distribution
· obtaining representative samples
· determining the adequacy of dispersion methods for powder
· suitability of standard reference materials
· the lack of inter-laboratory proficiency testing
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