
Working paper for Workshop Sept 16
th

 2015 
Brussels, ETUI-Building 
 

Enabling a process of regulatory research  
for effective risk management 

 
 

1 
 

Precaution-based Risk Management Measures  
for Nano-sized Particles 

A Dialogue on possible ways forward and bridging gaps for responsible risk management for nano-

sized particles at the workplace 

 

Introduction 

The overall objective of the European NanoDiode project is to support the effective governance of 

nanotechnologies by establishing a coordinated programme for outreach and dialogue throughout 

Europe. NanoDiode aims to encourage responsible research and innovation of nanotechnologies. This 

includes making nanotechnological research and development activities understandable for 

stakeholders and assuring that the discussion connects to the daily practice of the actors involved. 

One of the specific tasks is to enable a process of regulatory research for effective risk assessment, 

for which possibilities should be elaborated in a few focussed international workshops. The theme of 

the first workshop held was ‘Transparency and Confidentiality’, which addressed the problems raised 

by the limited communication of industries applying nanomaterials in their products and the 

uncertainties regarding potential hazards of these nanomaterials. This workshop agreed to have as 

highest priority an open dialogue amongst the three relevant stakeholder groups, industry, 

regulators and civil society organizations, on how to organize a safe approach towards working with 

nanomaterials, where uncertainties in knowledge and limited transparencies remain issues that are 

not easily solved. It was concluded that the large diversity of the enabling nanotechnologies and the 

highly divers nature of the developed manufactured nanomaterials (MNMs) and nano-sized particles 

that are formed in processes at workplaces to which exposure might occur, seems to ask for a case-

by-case approach as the most sensible way forward. It was concluded as well that due to the 

persistent nature of knowledge gaps regarding nanoparticles’ hazards the acceptance of a more 

generic approach for risk assessment would be preferable. As suggested this can be done by focusing 

on the risk algorithm and elaborating a shift from the existing health-based risk approach towards a 

precaution-based approach by putting a stronger emphasis on exposure control. Examples of making 

such a paradigm shift operational have been successfully introduced in some Member States. 

 

The idea is to have a next workshop further discussing benefits and pitfalls of a generic approach 

towards risk management of nanomaterials, and identify ways forward as to how to realize a broader 

basis for such a precautionary approach in European member states. 

 

Key issues 

In the Chemical Agent Directive 98/24/EU (CAD) the employer is responsible to take care for a safe 

workplace. For this, a risk assessment (RA) is a first step, starting with the collection of available 

hazard data and information provided on the safe use of the materials used, followed by an 

assessment of the potential exposure. For nanomaterials it is well-known that the actual state of 

knowledge on hazards and exposure is still insufficient to make a reliable RA. The discussion on the 

hazards, toxicological interpretation and relevant toxicological endpoints is ongoing. 

The basic instrument for product chain communication on hazards and safe use of substances is the 

materials’ Safety Data Sheet (SDS). However, the persistent nature of the uncertainties regarding the 

nanomaterials’ hazards make further information collection an essential element of a responsible RA.   

Another tool for RA is the health based Occupational Exposure Limit (HB-OEL). Most of the European 
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OELs are indicative (indicative occupational exposure limit values - IOELVs) that become binding after 

adoption in national legislation in Member States. If these levels are exceeded the employer violates 

the CAD.  

The CAD also stipulates a source-oriented strategy for selecting RMMs to comply with the defined 

acceptable exposure level, commonly referred to as the Occupational Hygiene Strategy (OHS-STOP1). 

It has a hierarchic nature: in case of the use of hazardous substances start with considering 

substitution possibilities, if this is not possible apply technical mitigation measures, if this insufficient 

apply organisational measures…… and finally, if the other measures fail, personal protective 

equipment (PPE) may be used. The general approach for communication on hazards and risks of 

substances, as stipulated in REACH and the CLP, is schematized in the following figure 1. 

 

 Figure 1 Mandatory risk communication under REACH and CLP 

Substance

Large market volume
> 10tonnes/year

Low market volume
< 10tonnes/year

CSR No CSR

Sufficient 
data on identified hazards

(endpoints)

None or insufficient 
data on identified hazards 

(same endpoints)

H-sentence
required

No H-sentence 
required

Risk communication 
required via SDS

No risk communication 
required

 
 

For substances, based on the market volume the supplier is obliged to provide a chemical safety report 

(CSR) with specific hazard data and exposure scenario’s for intended use. A CSR is not required for low 

market volumes. Depending on the identified hazard H-sentences are ascribed, which should be 

communicated in the SDS. In case of no or insufficient data on the identified hazards risk communication 

is not required. 

 

For nanomaterials the legal and practical procedures are identical to those for substances, but so far 

risk communication is hampered by a limited availability of hazard data and discussions about the 

exact nature of nanomaterials and the tests required to build a full hazard profile. Consequentially 

                                                           
1
 STOP is the abbreviation of Substitution, Technical measures, Organisational measures, Personal protective 

measures) 
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most actual SDSs contain limited nano-specific information (if at all!), or are not provided if specific 

hazard data are not available. So far there are no HB-OELs formalised for nanomaterials. At the same 

time scientific evidence shows that there are reasonable grounds for concern for the possibility of 

adverse effects if exposures to nanomaterials occurs. Uncertainties in this respect persist, while 

practice shows an increasing use of new nanomaterials with potential exposures. Extra complicating 

for RA of manufactured nanomaterials (MNMs) is the simultaneous contribution of other sources at 

the workplace to the full nanoparticles’ exposure: nanoparticles that are released from conventional 

(non-nano) components (fraction of nanoparticles in the conventional component- FCNP) and those 

that are generated at workplaces in the process and the used equipment (process-generated 

nanoparticles - PGNPs). And additionally there is the environmental background, as generated by 

natural processes and anthropogenic sources as traffic and industrial and domestic airborne 

emissions. This makes an operationalisation of a precaution-based risk management policy 

inevitable. Application of a precautionary approach is indicated. This is schematized in the figure 2. 

 

Fig 2 Advised application of a precautionary approach for the use of MNMs  

          and possible exposures to FCNP and PGNPs 

 

 

The registration of MNMs under REACH follows the substances requirements, and so far, most MNMs 
are registered under the umbrella of the same substances. Because nano-specific test methods are not 
yet established, this generally results in ‘insufficient’ or ‘no’ data provided in the large market volume 
CSR. This indicates the need to operationalise a precautionary approach. This also applies for FCNPs, 
where generally no reference is made to the fraction of NPs in the bulk. For PGNPs well-known sources, 
like welding fumes, follow their established pathways for risk management, but most of the other 
identified PGNP-sources also required a precautionary approach.  

 

  

Manufactured Nanomaterial or
Fraction in conventional substance

MNM or FCNP

Large market volume
> 10tonnes/year

Low market volume
< 10tonnes/year

CSR
No or insufficient 

data on identified hazards 
(same endpoints)

Apply 
precautionary 

approach

Reasonable grounds
 for concern

Workplace 
specific 

measures

No or insufficient 
data on identified hazards 

Apply 
precautionary 

approach

Reasonable grounds
 for concern

PGNPs

Sufficient data
 on identified hazards

Workplace 
specific 

measures
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Different types of Concern 

Some further elaboration on the use of term ‘concern’ may be necessary to avoid confusion about 

different interpretations for this concept used in risk management policies.  

 

Risk assessors and policy makers generally use the term ‘concern’ in a quantitative way. They use 

‘concern’ to address identified risks, based on an established hazard profile and potential risks for 

safe use. This leads to classification of the substance (i.e. nanomaterial) in a certain hazard-based 

concern class, for which specific risk management measures are developed. This leads for example to 

the identification of substances of very high concern (SVHC), for which the REACH authorisation path 

applies. This concept of concern is not used as starting point in this workshop.  

 

Civil Society Organizations (CSOs) and many nanomaterials end users responsible for a safe 

workplace prefer to apply a precautionary approach. They use the term ‘concern’ in a more 

‘qualitative’ way, to indicate working situations with nanomaterials for which the toxicity profile 

cannot yet be established (due to data and knowledge gaps) while there are reasonable grounds to 

assume the possibility of adverse effects. As such, their preferred approach for identifying 

appropriate RMMs is not hazard-based but concern-based (Not Risk = Hazard x Exposure, but Risk = 

Concern x Exposure).   

This approach, qualified as a precautionary approach, requires further operationalization of the 

‘concern’ concept. One way forward is to define simple and comprehensible ‘concern levels’ to 

advise an acceptable ‘bypass’ to establish risk management measures. This concept of concern is used 

as starting point in this workshop.  

 

Building Blocks applied in the development of a precautionary approach 

A precautionary approach for the use of nanomaterials may be based on different elements (which 

were also called building blocks for a precautionary approach2).  

Suggested building blocks related to precautionary risk management are: 

1. ‘No data no exposure’ and ‘no data no emission’ 

The idea is that if materials with insufficient hazard data are used (but with reasonable grounds for 

concern), a precautionary approach should be applied. This implies that all exposure (and emission) of 

the material should be prevented.  

2. Precaution-based workplace exposure limits for nanomaterials. 

Although building block 1 states ‘no exposure’, practice shows that if nanomaterials (or other 

substances) are used (incidental or accidental) exposure is likely to occur. A full zero exposure is an 

illusion. For this the use of HB-OELs is preferred, but as long as these cannot be derived, nano-specific 

reference values for risk management are a solution. Although their derivation is not straightforward 

and complex, in several Member States there are initiatives and established (and accepted) 

methodologies introduced, like benchmark levels and Nano Reference Values (NRVs).  

3. Transparent communication on known and unknown risks of nanomaterials 

As elaborated in figures 1 and 2 a clear communication on known and unknown hazards, exposures 

and risks is indicated to allow for employers to set up a system for responsible risk management, and 

to assure trust amongst end users and CSOs. 

The demand to communicate unknown nano-specific risks was brought forward by CSOs. However, no 

unknown nano-specific has been identified so far. Nevertheless, this point applies also to risks for 

                                                           
2
 E.g. Broekhuizen and Reijnders, Risk Analysis, 2011, 31, 1646 
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which insufficient information is available to identify a hazard phrase. Currently no communication 

takes place when this condition is fulfilled but suggestion have been made (e.g. by ISO) to use the SDS 

for communication on this point. However in what way and how may be part of the discussion at this 

workshop.   

4. Traceability (reporting of the content and type of NMs in products) 

Confidentiality on product compositions and use of nanomaterials is a burden for communication and 

independent collection of risk data to assess how to use the nanomaterials safely. It is also a handicap 

to generate a general insight in nanomaterials at the market and to develop ideas about the 

acceptability of applications. To cope with this there are practical initiatives in France, Belgium and 

Denmark with registries of nanomaterials brought at their national markets. These initiatives for 

registries of nanomaterials imported or manufactured and brought at the market is a first step 

towards more openness of nanomaterials in the product chain. However so far the registries cannot 

provide clear answers as to exactly what MNMs is contained in the specific product used and the 

likeliness of its release. New ways of communication within the product chain seem to be inevitable if 

not more openness can be realized.  

Some other Member States also consider some form of registration. In Europe a central registration of 

nanomaterials is still under discussion. 

5. Exposure registration of workers using nanomaterials 

For medical screening and as a compliment for responsible risk management an exposure registration 

of workers exposed to nanomaterials may be useful, especially for retrospective examination of 

(future) patients. A thorough registration of exposures in the past may help the occupational physician 

and other physicians to identify possible nanomaterials-related illnesses. The Netherlands is examining 

the possibilities for such an approach (2014-2015). 

 

MNMs, FCNP, PGNPs, BGNPs 

The frequently occurring simultaneous exposure to nanomaterials from different sources sets its 

challenges for risk assessment and risk management. Figure 3 gives a schematic overview of these 

sources: besides the MNMs there is the possible sources of fractions nanoparticles in conventional 

compounds, FCNPs, the nanoparticles generated in processes and by the used equipment, PGNPs, 

and the environmental background. 

Fig 3:  Different sources of nanoparticles identified at the workplace. 

  (The represented numbers of nanoparticles are indicative) 
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Benchmark levels and Nano Reference Values 

There are some initiatives from research institutes, and also the US NIOSH published proposals for a 

REL (Recommended Exposure Limit) for nano-titanium dioxide and for carbon nanotubes. Although 

these are useful initiatives and indicative for the actual state of knowledge, the RELs are not yet 

adopted in national standard setting systems. Regarding the large diversity of types of 

nanomaterials, and the many specific questions still to be solved, It is likely that the derivation of 

substance-specific HB-OELs for nanomaterials is not to be expected within a short time. 

A promising way forward to solve the foreseen enormous waiting period for reliable HB-OELs is the 

initiative for grouping of nanomaterials based on a few physical-chemical characteristics and to 

derive generic standards for this groups. Characteristics like size, shape, persistence/solubility, 

density were used. The British Standard Institute (BSI) was the first to develop a generic scheme for 

benchmark levels for nanomaterials in 2007. The German IFA further developed this British initiative 

and the Dutch social partners modified this system accordingly to what is now called the Nano 

Reference Value (NRV). The responsible Minister of Social Affairs accepted the NRVs as a provisional 

way forward for a responsible risk management of nanomaterials. There are convincing arguments to 

apply the NRVs as well on PGNPs, but discussion on this item is ongoing. Recently the German BAUA 

proposed their scheme.  

 

The schemes are tabulated below:  

Table 1   BSI, Nanoparticle Risk Ranking and Proposed Guidance Values 

Cat Description Guidance Value Remarks 

i 
Fibrous materials; a high aspect ratio 
insoluble nanomateriala 

0.01 fibers/mL Analogous to asbestos fibers. 

ii 

Any nanomaterial already classified in its 
coarse particle form as carcinogenic, 
mutagenic, reproductive toxin, or as 
sensitizing (CMRS) 

0.1 × existing OEL for 
molecular form or larger 
particles 

The potentially increased rate of dissolving of these 
materials in nanoparticle form could lead to 
increased bioavailability. Therefore a safety factor of 
0.1 is introduced. 

iii 
Insoluble or poorly soluble nanomaterials, 
and not in the category of fibrous or CMRS 
particles 

0.066 × existing OEL for 
molecular form or larger 
particles 

In analogy with NIOSH a safety factor of 0.066 (= 15 
× lower) is advised. An alternative benchmark level 
is suggested as: 20,000 particles/mL above the 
ambient environmental particle concentration. 

iv 
Soluble nanomaterials not in the fibrous or 
CMRS category 

0.5 × OEL A benchmark of 0.5 × OEL is proposed. 

a A fiber is defined as a particle with an aspect ratio >3:1 and a length more than 5,000 nm. 
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Table 2  Nano reference values (NRV’s) for four classes of nanomaterials 
  (based on IFA Proposed Benchmark Levels) 

Class Description NRV 

(8-hr TWA) 

1 
Rigid, biopersistent, insoluble, fibre form nanomaterials for which effects similar to those of asbestos are 

not excluded 

• SWCNT or MWCNT or metal oxide fibres  

0.01 

fibres/cm3 

2a 
Non-biodegradable granular nanomaterials in the range of 1–100nm and density > 6 kg/liter 

• Ag, Au, CeO2, CoO, CuO, Fe, FexOy, La, Pb, Sb2O5, SnO2,  

20,000 

particles/cm³ 

2b 

Non-biodegradable granular nanomaterials in the range of 1–100nm and density < 6 kg/liter 
• Al2O3, SiO2, TiN, TiO2, ZnO, nanoclay 

Carbon Black, C60, dendrimers, polystyrene 
Nanotubes, nanofibres and nanowires for which asbestos-like effects are excluded 

40,000 

particles/cm³ 

3 Biodegradable/soluble granular nanomaterials in the range of 1–100nm 

• e.g. NaCl-, fats, flower,  siloxane particles 
Applicable OEL 

NB:        Shortterm peak exposure:          NRV15min-TWA = 2 x NRV8hr-TWA 

 

Table 3   BAUA Proposed Reference Values for Nanomaterials
3
 

Description Proposed Reference Values 

Non-entangled fibers  0.01 f/cm3 

Nanomaterials with a specific toxicity  0.1 mg/m3 

Respirable Granular Biopersistent Nanomaterials with no specific toxicity released 
from manufactured nanomaterials 

0.5 mg/m3 

Partly soluble nanomaterials that release toxic  ions  Equivalent to soluble bulk ionic material 

 

 

 All systems include a separate class for fibres and nanotubes. These are, under specific 

conditions assumed  to have asbestos-like effects for which a high concern is indicated.  

 The IFA and NRV method introduce a particles’ number based approach while the BSI uses 

this as an alternative benchmark.  The number values of IFA and the NRV are derived from a 

mass limit value of 0,1 mg/L . This level is also used in the BAUA proposal for nanomaterials 

with a specific toxicity.  For nano-materials without specific toxicity4 BAUA proposes a 

reference value of 0,5 mg/m3. Comparing this value to the IFA and NRV scheme, and 

recalculating this mass into numbers would lead to a value of 100.000/cm3 for biopersistent 

granular nanomaterial with a density of > 6000 kg/m3 and of 200.000/cm3 for biopersistent 

granular nanomaterial with a density of < 6000 kg/m3. This is 5 times higher.  

 Both the IFA and NRV systems are explicitly focussed on  nanomaterials in the range of 1–100 

nm.  

                                                           
3
  Packroff, R BAUA – Health effects arising from Nanotechnologies: Consequences for Regulation and Safety 

Research, dd 11  June 2015.  
4
  The designation ‘without specific toxicity’ is used referring to the bulk material. If the bulk material cannot 

be characterized as having a high toxicity (like for example titanium) the nanoform is said to have ‘no 
specific toxicity’. However, this means that nano-related toxicities (like catalytic activities, ROS-formation, 
form effects) are not excluded. 
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 The NRVs explicitly mention an approach towards short term peak exposures, which is the 

common way of exposure in using MNMs. Other systems do not address this issue. 

 For the NRVs initiatives are ongoing to make them applicable to PGNPs as well. 

 

Precautionary Principle within private law context in the Netherlands 

In the private law context, the precautionary principle is operationalized in terms of precautionary 

duties. As such a precautionary duty is a duty affecting the (legally required) behavior and the 

activities of the actor, depending on the actual situation. In the private law context, the 

precautionary approach requires a stronger pro-active attitude than simply applying the available 

existing (public law) standards (OELs, EQS). (Private versus public law). As such it strongly affects the 

employer (related to his duty of care). Noncompliance with a precautionary duty can be remedied by 

two private law mechanisms: an injunctive relief and claims for damages.  An injunctive relief is a 

court’s decision that orders a defendant (i.e. corporations or governmental entities that engage in 

uncertain risky behavior) to act in a certain way or to refrain from a specific act. In procedures for 

damages, victims of a materialized uncertain risk claim financial compensation for harm they 

suffered as a consequence of an alleged breach of a precautionary duty. Here, noncompliance with a 

precautionary duty may lead to significant claims for damages. 

While nowadays the obligation exists of risk-related pre-information (e.g. REACH), a high standard 

related to pro-active measures may be expected in case of legal procedures. Here false positive (e.g. 

unfair withdrawal of a product from the market) and false negative handling (e.g. unfairly refraining 

from a required activity) both can have a negative effect, and may be instigated by scientific 

uncertainties. Therefore a pro-active attitude towards uncertain risks is essential, by (ex ante) 

focusing on transparency in choices made and preventing to shift the burden of uncertainty to other 

stakeholders  and the environment and by (ex post) preventing harm and subsequently claims for 

damages. This requires to develop a clear and transparent precautionary approach. 

 

Proposed outcomes of the workshop 

The workshop consists of two parts.  

 The first part deals with technical initiatives how a precautionary approach is, and can be 

applied. It also summarizes the main considerations leading to the development of precaution-

based reference values. The main aim of these reference values is that employers are triggered 

to develop risk management measures (RMM). The workshops provides then input for the 

identification of easy-to-use methodologies for responsible risk management for small and 

medium enterprises (SME’s). Relevant in this respect is the notion that nowadays MNMs are 

used and consequently exposure may occur, while accepted risk management methodologies are 

not available for these SME’s. These outcomes will be used for the Nanodiode workshop in 

Bologna on November 26th. 

 The second part of the workshop proposes initiatives and identifies steps forward to increase the 

acceptance of the precautionary approach developed for nanomaterials. These outcomes will be 

used in the dialogue of the Nanodiode project with the European Commission.  
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 The following questions will be used to guide the discussion:  

1. What strong and weak points can be identified in the presented frameworks ? 

2. Is it advisable to aim for a uniform European precautionary approach for nanomaterials’ risk 

assessment? 

3. What should be done to make the approach acceptable for relevant stakeholders (including 

e.g. industry and  Member States)?  

4. What elements of the precautionary approach are relevant for communication in the product 

chain and to relevant stakeholders? 

5. How should communication on these elements be optimized? 
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