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Ref.	Date/Name/Org.	Type of comment
5	Date/Time: 	2017/10/31 19:45	Type:	BehalfOfAnOrganisation	Organization name:	BDI e.V.	Country: Germany	Non-confidential attachment:	Comment on Ni OEL proposal.pdf			Comment	(See attachment)		
		Dossier Submitter response	Thank for your comment. 	ECHA would like to explain the details of the assessment factors used for the respirable OEL:	The human equivalence concentration (HEC) represents the exposure concentration for humans adjusted for dosimetric differences between experimental animal species (in this case the rat) and humans. Since the HEC calculation reflects the toxicokinetic interspecies differences, an additional assessment factor (AF) is not required. Toxicodynamic interspecies differences are not considered in HEC.  However, it is assumed that the rat is not less sensitive to different nickel compounds than humans, as supported by epidemiological data and therefore an additional assessment factor for toxicodynamic differences was not applied. The additional assessment factor of 5 is applied to overcome uncertainties related to intraworker difference (toxicokinetic and toxicodynamic), which are not addressed in the HEC calculation. Therefore, this AF does not represent a duplication of AFs for the OEL derived for the respirable fraction of nickel and compounds.	ECHA is aware of the ongoing discussion of the German AGS related to the inhalable OEL for nickel compounds at the time the ECHA documents was drafted. Unfortunately, the proposal was not published and is therefore not reflected in the ECHA document. However, ECHA reconsidered the rounding for the inhalable fraction of 0.027 mg Ni/m³ to propose now 0.03 mg Ni/m³ for the inhalable OEL.
		RAC Rapporteurs comments	Thank you for your comment.																	
Ref.	Date/Name/Org.	Type of comment
8	Date/Time: 	2017/11/06 13:12	Type:	BehalfOfAnOrganisation	Organization name:	[Confidential]	Country: Italy		Comment	Some different nickel salts are used in Europe by the semiconductor industry in a process of metallizing silicon wafers (for both the whole wafer surface and the bonding pad areas only) leading to the development of semiconductor components, with major advantages in performance, process stability, application diversification, costs and competitive advantages.	The semiconductor products obtained are marketed globally in high-volume markets, characterized by higher competition. They have a leading position in the world and they ensure European leadership in the sector.	Nickel salts are typically used in electro less plating processes taking place in closed equipment. There is no potential exposure to the worker during normal and routine semiconductor manufacturing as the nickel compounds are within a closed system manufacturing equipment tool, within itself a clean room environment. Local exhaust ventilation, safe locking and unlocking chemicals containers and double piping automatic delivering systems, automatic wafer loading and unloading, controlled spent solution waste management and equipment flushing before opening for maintenance are ensured. Moreover operations take place in restricted access area only and PPE are worn, as a further precautionary practice.	Within the various European sites located in Italy and France regular industrial hygiene monitoring are conducted (usually twice/year per site and per manufacturing area where the Nickel salts area used).	While most of the values are found below detection limits, ECHA can conclude that all measured values were below local applicable TLV and definitely all values were < 0.0043 mg/m3	In 2016 a total of 8 air sampling campaigns (in 3 sites located in Italy and France) were conducted covering all the interested working areas and maintenance operations. 		
		Dossier Submitter response	Thank you for your information and your interest in this process.	Section 5.2 of the ECHA proposal describing uses is in line with this comment. The plating takes place in closed systems, but during charging and maintenance there is potential for exposure. The exposure values are taken from registration information provided by industry.
		RAC Rapporteurs comments	Thank you for your comment.												
Ref.	Date/Name/Org.	Type of comment
10	Date/Time: 	2017/11/06 20:27	Type:	BehalfOfAnOrganisation	Organization name:	European Committee for Surface Treatment	Country: Germany	Non-confidential attachment:	2017-11-06 Comment on the Proposal by the European Chemical Agency_final_Version.docx			Comment	The following comments are conclusions from more detailed discussions shown in the attached document	p. 15 - 19:	Comment on existing exposure limits:	Report of current exposure limits in European countries is without substantial information due to missing details about the specific measurement requirements in each country.	p. 42 - 43:	Comment on monitoring of external exposure:	The applicability of analytical methods reported is questionable. There is no statistical approach to reproducibility and comparability. Furthermore, the proposal lacks a discussion of matrix effects or possible sampling deviation. The proposal should thoroughly discuss the informational value of real analysis at workplaces.	p. 43 - 49:	Comment on monitoring of internal exposure (biomonitoring):	The data of external exposure reported in the proposal are not valid. The reported studies differ a lot and show significant lack of data needed for conclusions. With that the proposal misses its own requirement, the “evaluation of the scientific relevance” by neglecting sound science approaches in evaluating the applicability of the data reported.	The data evaluation shows clearly that the conclusions (relations) will not be valid in the ordinary range of exposure level of modern workplaces.	p. 19 - 34:	Comment on production and use information:	The proposal fails to describe in detail the uses, resulting in overestimation of potential exposure routes. At least as regards the electroplating sector, the proposal needs to be revised intensively.	Given that the proposal does not take into account the interactions with other regulation, it does not provide sufficient information to establish a well-founded opinion or to base new measures on.	General comment:	The proposal intends to provide a base for assessing occupational exposure limits for Nickel and its compounds. Based on the above, CETS is of the opinion that more scientifically sound work is needed to achieve reliable conclusions. The data concerning exposure, analytical methods and common uses presented in the proposal do not fulfil the requirements for a reliable decision on valid occupational exposure limits.	CETS hereby offers its cooperation in investigating proper data and information to help find meaningful and appropriate exposure limits.	Given the limited timeframe of the consultation, not all toxicological presentations could be assessed. This would have required consultations of experts that take more time than that available.	CETS regrets that smaller associations are not given enough time to verify the entire consultation content, including those parts that are out of the association’s general scope.		
		Dossier Submitter response	Thank you for your comments. ECHA appreciates your concern about the length of the public consultation, however, the deadline to deliver the opinion of RAC to the European Commission (26 March 2018) unfortunately did not allow for a longer public consultation. 	Please find here explanations related to your more detailed comments on:	Existing exposure limits.	The report on existing OELs in the different European countries only provides contextual information to the proposed change on the limit value, making clear the current requirements in each country. They do not show any actual exposure levels in different European countries but the “maximum level” allowed for a shift. The reports on actual levels of exposure in different activities appear in Section 5 of the document and they explain or make reference to type of sampling, method used etc.	Monitoring of external exposure	The analytical methods reported in the document are validated against the European Standard 482: Workplace exposure. General requirements for the performance of procedures for the measurement of chemical agents or have the potential to meet the requirements of it (as they were validated for a higher limit value) 	The standard gives the requirements that the analytical method need to fulfil, when the measured data is to be compared with an occupational limit value. To make this clear one sentence stating that the methods are validated and that the validation data can be consulted either in the actual published analytical methods and /or in the “methods sheets” published at the Gestis database of analytical methods has been included in the opinion. 	Biomonitoring	The data on internal exposure provided in the ECHA proposal consist of published information and have been included in order to give a comprehensive overview of the exposure of workers to nickel and compounds. However, the final RAC opinion and (the background document) do not recommend the establishment of a biological limit value. The reason for not maintaining the BGV is the high variability of background levels of nickel in urine between the different populations in Europe.	Production and use information	The information on uses given in the document is based on information provided by industry (through the lead REACH registrants for nickel and inorganic compounds), and through the Nickel Institute. The exposure data associated with the uses is taken from registration information. However, this information is not crucial for the science-based setting of occupational exposure levels.
		RAC Rapporteurs comments	Thank you for your comment.											
Ref.	Date/Name/Org.	Type of comment
11	Date/Time: 	2017/11/06 22:39	Type:	BehalfOfAnOrganisation	Organization name:	NiPERA	Country: United States	Non-confidential attachment:	171106-NiPERA comments on the ECHA Proposal for Ni OELs-.pdf			Comment	(See attachment)	
		Dossier Submitter response	Thank you for your comments.	Main comments	As regards the main comments on section 7.9 Mode of Action	The comments on a proposed MoA supporting an indirect genotoxicity MoA are noted as are those on the combined MoA and dose response functions to further support the OEL, based on a MoA threshold. The ECHA proposal addresses both of these points although it does not include the specific proposal from NiPERA.  The section on MoA has been elaborated to address the MoA in more detail. 	As regards the main comments on human cancer section 7.7.1:	Text added acknowledging that the largest cohorts were able to detect small lung cancer increases with narrow confidence intervals.	As regards the detailed comments related on temporal trends in Ni exposure over decades in the industry as general and comparison of those to the multiplication factors used in the Kristiansand cohort a more detailed description was added for the Kristiansand methodology and a separate description of the industrial trend was included. However, it was not possible to perform a direct comparison to verify the appropriateness of the multiplication factors used. 	As regards the comment regarding total Ni exposure and the water soluble Ni exposure in the cumulative exposure category from the Kristiansand cohort used in deriving the OEL for inhalable factor, ECHA acknowledges that exposure to total Ni was indeed higher that exposure to water soluble Ni. This is clarified in chapter 8.2.1 [and the rounding is consequently done upwards].	As regards the main comments on section 7.7.1 Carcinogenicity	Thank you for your extensive analysis of the data. ECHA reconsidered the rounding for the inhalable fraction of 0.027 mg Ni/m³ and propose now 0.03 mg Ni/m³ for the inhalable OEL.	As regards the main comments on section 8.1.4	More details added on chest radiographic findings in Kristiansand workers (chapter 7.3.1)	As regards the main comments on sections 8.3 Notations	The notation is for sensitisation (SEN) because nickel and all its compounds are skin sensitisers, and some are also respiratory sensitisers. The notation is simply for “sensitisation” and does not differentiate between skin or respiratory. Thus the notation is correct. The ECHA proposal has been revised for clarification and the notation remains as SEN. 		Detailed comments	As regards the detailed comments on sections 7.1 – 7.6 (14 comments)	All of the comments have been reviewed and in most cases implemented by elaborating the text or revising for clarification. 	As regards the detailed comments on human cancer section 7.7.1:	Adding the information on which sampler and/or aerosol fraction was used in assessing exposure in each cohort was not possible. However, a clarification was added that all data in Oller et al 2014 referred to inhalable fraction.	Clarification added on the nasal cancer cases of Pavela et al 2017.	Mining and non-sinter smelter sub-cohorts of Ontario added to text and tables 44-46.		Detailed comments on exposure monitoring section 6	Regarding the inclusion of recommendations on sampling strategy in the Annex I, this is considered out of the scope of the Annex. The Annex intends to provide enough data to support the proposed revised limit values, for that it is important to understand whether there are analytical methods that could demonstrate that the exposure is below the limit value. 	However, including recommendations on sampling strategy do not add any value in terms of deciding whether the proposed OEL is feasible in terms of measurement. It is acknowledged that further harmonisation at EU level regarding exposure sampling would be desirable but this is considered a broad issue to be tackled in general (and maybe in a different forum).	Regarding the analytical methods the list intends to show methods that can potentially reach the proposed limit values (ideally able to determine 0,1 of the OEL after a reasonable sampling time). As acknowledged in the introductory text to the table, the data for the current scope of the analytical methods are included (e.g. soluble/ inorganic compounds etc) and the LOQ calculated use the flow rate of the sampler recommended in the method. The methods could be modified but ECHA included the ones available at the moment so it is clear that the validation data.	Already two of the methods included in the table (MDHS 42/2 and BGI 505-10-3) allow to measure concentrations of 0.1 of the OEL in (2 to 4 hours sampling time) and are validated following sampling standards. Thus it is considered it is feasible to perform measurements to show compliance with the proposed OEL (including the one for respirable fraction). Naturally, some of currently available methods would need to be discarded (or updated and modified) to be used for this revised values, as they were optimised and validated for different concentration ranges.	Editorial and clarification comments	Section 5.3.1 Table 11 (and other sections mentioned in the comment): additional information (aerosol fractions) has been provided as much as possible.	For the comment on welding generating complex nickel oxides, this is already mentioned in the opening paragraph describing welding.
		RAC Rapporteurs comments	Thank you for your comment.												
Ref.	Date/Name/Org.	Type of comment
15	Date/Time: 	2017/11/07 11:59	Type:	BehalfOfAnOrganisation	Organization name:	Austrian Workers' Compensation Board (AUVA)	Country: Austria		Comment	The proposal for occupational exposure limit values for nickel compounds is refused with regard to poorly soluble nickel compounds. (Not refused is the OEL for nickel metal and soluble nickel compounds.)	The aim of the proposal is to support the derivation of an OEL in accordance with Directive 2004/37/EC (CMD).	GENERAL AND SPECIFIC COMMENTS:	The current scientific knowledge is not such that a level can be established below which risks to health cease to exist (recital 11 of CMD); this is the case for less-soluble nickel compounds to a quite relevant extent. To date, there is no clear answer to the question if cancer is induced by these compounds via a threshold or non-threshold MoA. As a conservative approach a non-threshold MoA has to be presumed. 	In particular, regarding exposure to carcinogens, the precautionary principle should be applied in the protection of workers’ health (recital 14 of CMD). The employer has to ensure that the level of exposure of workers is reduced to a low level as is technically possible (CMD, Article 5(3)). [In respect to technical possibility, the framework directive 89/391/EEC explicitly emphasizes that the improvement of workers’ safety and health at work is NOT to be subordinated to purely economic considerations (13th recital of that Directive)]. 	To support and to guide this minimization obligation, an OEL representing a VERY low cancer risk has to be established. 	In the related field of potentially dangerous products and consumer-use chemicals the European Commission already has established a benchmark for assigning the terms “serious risk”, “high risk”, “medium risk” and finally “low risk” (Commission Decision 2010/15/EU of 16.12.2009, OJ No L 22, 26.1.2010). Cancer from contact with substances is classified as a hazard of the (highest) Severity Group 4. This Commission Decision provides (in its table 4) the combination of the severity of harm and its probability: Only if the probability of cancer causation is LESS THAN 1:1,000,000 (related to the exposure duration) the risk is judged to be “low risk”!	This clearly shows that strict criteria have to be met, and cancer risks have to be in the order of 1:1,000,000 and preferable lower to be acceptable.	In significant European member states a risk based approach is implemented (DE, NL) for controlling the exposure to carcinogens at the workplace. The acceptable cancer risk in these concepts is 1:1,000,000 per work year, resulting in an “acceptable” cancer risk of 4:100,000 per work lifetime.	A work lifetime cancer risk of 4:100,000 is a reasonable and necessary concretion of the minimization principle (and of recital 4 of CMD), being the main objective of the CMD.	Besides that, also REACH demands that a low risk must be ensured when using a carcinogenic substance. Guidance documents published by ECHA (e.g. Chapter R.8) suggest an excess lifetime cancer risk of the same order of magnitude as outlined above.	Therefore, an OEL associated with a work lifetime cancer risk NOT HIGHER THAN 4:100,000 has to be required. 	In the case of less-soluble nickel compounds (e.g. nickel subsulphide, nickel oxide, nickel sulphide) the exposure-risk relationship derived in the AGS approach (2017) shows a work lifetime cancer risk of 4:100,000 associated with a respirable Ni-concentration of 1 µg Ni/m³ (rounded from 0.8 µg Ni/m³). This takes into account the indirect genotoxicity. 	In contrast, an OEL of 5 µg Ni/m³, as proposed by ECHA, would result in a work lifetime cancer risk of approximately 3:10,000 (instead of 4:100,000) for less-soluble nickel compounds.	Therefore, an OEL of 1 µg Ni/m³ should be established for less-soluble nickel compounds.	In every case, it has to be stated explicitly that the respirable fraction does not include nanoparticles, and the OEL for the respirable fraction does not apply to nanoparticles.		REMARKS: 	A consistent level of protection from the risks related to carcinogens or mutagens has to be established for the EU as a whole (recital 4 of CMD). In should be noted that “risk” means the likelihood (probability) that the potential for harm will be attained under the conditions of use and/or exposure (Directive 98/24/EC, Article 2; to be applied according to Article 1(3) of that Directive).	Adopting an opinion on an OEL for nickel compounds in accordance with the CMD (as declared in the mandate) necessarily has to take into account political and socioeconomic issues. Neither the ECHA nor the RAC is competent to argue on the time scale of implementation, on transitional measures (if necessary) or on other matters referring the regulatory enforcement of OELs. The partial questionable handling of scientific findings and omitting the risk-based approach creates the impression that also (undeclared) non-scientific elements are incorporated into the proposal.	
		Dossier Submitter response	Thank you  for your comment. 	It is outside the remit of ECHA or RAC to comment on, or to determine, the acceptability of cancer risks. ECHA considers a mode of action-based threshold[footnoteRef:1] for nickel and compounds in respect to lung tumour formation in rats and humans in its derivation of OELs.  At nickel and its compounds exposures below the resulting proposal for a limit value, no significant residual cancer risk is expected for workers. The justification is presented in the Background Document. [1:  Regarding the term “mode of action-based threshold” see Joint Task Force ECHA Committee for Risk Assessment (RAC) and Scientific Committee on Occupational Exposure Limits (SCOEL) on Scientific aspects and methodologies related to the exposure of chemicals at the workplace. Task 2. 6 December 2017. https://echa.europa.eu/documents/10162/13579/jtf_opinion_task_2_en.pdf/db8a9a3a-4aa7-601b-bb53-81a5eef93145] 	It should be noted that the mandate of RAC is to evaluate the scientific relevance of occupational limit values for nickel and its compounds, and to assess the most recent and relevant scientific information. The RAC-opinion on nickel and its compounds is used by the Commission to set limit values for the protection of workers from exposure to chemical risks, as per Directive 2004/37/EC. The Commission takes socio-economic and technical feasibility factors into account in their legislative procedure for developing EU OELs.  	REMARKS: Independence is extremely important to ECHA. ECHA’s work is based on science and it is of the utmost importance to guarantee the independence of the ECHA’s staff and Committee members nominated by the Members States. All ECHA staff have completed a detailed declaration of interest before starting to work, these declarations are updated and examined at least annually. Similarly the experts in the scientific Committees are screened against targeted eligibility criteria. Their published Declarations of Absence of Conflict of interest are examined and updated annually. In addition to these regular Declarations of Interest, every Committee meeting starts with an oral declaration on any specific interests related to the agenda items to be discussed. 		
		RAC Rapporteurs comments	Thank you for your comment.									
Ref.	Date/Name/Org.	Type of comment
16	Date/Time: 	2017/11/07 12:08	Type:	BehalfOfAnOrganisation	Organization name:	Nickel Institute	Country: Belgium	Non-confidential attachment:	2017-11-07 NI comments.zip			Comment	We herewith provide our comments attached in a formatted version. As our comments includes tables and formulas we were not able to insert it into the text box. For your convenience, we include the word version as well.	
		Dossier Submitter response	Thank you for your comments and your interest in the process. 	ECHA considers a threshold based mode of action for nickel and compounds in respect to lung tumour formation in rats and humans. This assumption is based on detailed scientific analysis of the available in vitro and in vivo data. The proposed OELs are based on conservative health-based assumptions taking all available data into account.	Comments on compliance approaches.	Please see reply to comment number 11 (Detailed comments on exposure monitoring section 6)	Comments on analytical methods for nickel in air	Please see reply to comment number 11 (Detailed comments on exposure monitoring section 6)	Also, please note that the table included in the background document already contains several methods that can achieve 10% of the OEL and therefore allow to measure concentrations of 0.1 of the OEL for respirable fraction in (2 to 4 hours sampling time) and which are validated following sampling standards. 	The intention of the table is to show that these concentrations can be measured. The fact that some of the current methods would need modification to fulfil the EN 482 is expected as these had been validated and optimised for the current OELs. Several of the methods fulfil already the requirements of the EN 482 by using a sampler working at a higher flow rate.	All the analytical methods proposed comply with analytical techniques routinely used for workplace assessments and among the methods that already fulfil the EN 482 requirements different analytical techniques are covered (including for instance GFAAS).	Regarding the speciation issues the OEL is proposed for Ni and its compounds (incl. metallic nickel), so only one extraction step is foreseen. 
		RAC Rapporteurs comments	Thank you for your comment.												
Ref.	Date/Name/Org.	Type of comment
20	Date/Time: 	2017/11/07 18:19	Type:	BehalfOfAnOrganisation	Organization name:	B.Mason & Sons Ltd	Country: United Kingdom	Non-confidential attachment:	Nickel comments .docx			Comment	(See attachment)
		Dossier Submitter response	Thank you for your comment. 	ECHA would like to clarify that in the example referring to a safety data sheet, an alloy is a special mixture and whether or not nickel (and in what concentration) has to be indicated in the SDS is defined in the REACH Regulation Annex II Section 3.2. Raising or lowering the OEL has no impact on this. If the substance has to be included then its OEL is indicated in Section 8, so changing the OEL means indicating a different value here, but has no impact on whether it has to be included in Section 3.2.	An occupational exposure limit refers to an upper limit on the acceptable concentration of a hazardous substance in workplace air. It is not a clear question to ask what impact lowering an OEL has on products with low levels of impurities of the substance subject to the OEL, as it depends on how that product is used in the workplace, how much of the relevant substance might be released during the use, and what the resulting exposure to workers might be. Essentially the content (whether high or low levels of nickel) is not as important as how the product is used, the workplace exposure has to be below the OEL.
		RAC Rapporteurs comments	Thank you for your comment.																	
Ref.	Date/Name/Org.	Type of comment
M1	Date/Time: 	Monday, November 06, 2017 4:07 PM	Type:	Member State	Organization name:	Ministero del Lavoro e delle Politiche sociali	Country: 	Italy		Comment	
		Dossier Submitter response	Thank you for your support. 	Please note that the CAS and EC numbers of different nickel compounds can be found in the Appendix 2 of the document. Since there are numerous different nickel compounds it is not possible to give CAS and EC numbers on the front page of this document.
		RAC Rapporteurs comments	Thank you for your comment.
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COMMENT ON 


 


Consultations following ECHA’s Executive Director Requests 
to the Committees regarding Nickel and its Compounds 


 
The European Chemical Agency (ECHA) in support of occupational ex-
posure limit values for nickel and its compounds in the workplace pro-
pose in the dossier prepared by the Risk Assessment Committee (RAC) 
an OEL for respirable fraction a value of 0.005 mg/m³ and a value of 
0.02 mg/m³ for the inhalable fraction. German BDI together with 
WVMetalle welcomes the opportunity to comment on this recommenda-


tion. 
A broad variety of Members of BDI are producers of nickel, nickel compounds 
and nickel containing materials e.g. by producing specific alloys, stainless 
steel, hard metals, batteries, catalysts or pigments. Even more are using 
nickel and nickel compounds during production or as intermediates and are 
faced to exposures by processes like welding or galvanizing. The proposal on 
an OEL for Nickel and its compounds is therefore of extremely high relevance 
for industry and German BDI highly welcome the initiative of the EU commis-
sion to establish further European wide occupational exposure limits in gen-
eral.  


The uses of Nickel and its compounds are covered quite well within the docu-
ment. The derivation of the OELs is clearly based on already existing evalua-
tions, mainly by SCOEL, NiPERA and German AGS from which the German 
AGS report is the most recent one. RAC therefore follows quite closely the 
AGS scientific line of argumentation which is in principle welcomed by BDI. 
Nevertheless, we would like to mention some specific aspects in the following. 
We hope that these comments will be discussed within RAC and relevant 
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ments as well.  


Specific aspects 


 HEC calculation: toxicokinetics and toxicodynamics are already taken into 
account 
RAC takes into account the HEC methodology and states on page 126: 
“The HEC calculations already take possible differences in toxicokinetics 
into account and an additional AF for toxicokinetic differences is therefore 
not considered. Since the rat is generally the most sensitive species for the 
local lung effects of particulates, an AF of 1 is considered for toxicody-
namic differences between rats and humans.” Nevertheless RAC is apply-
ing in the following an additional assessment factor of 5 for intraspecies 
differences although the intraspecies factor is set up to take into account 
toxicokinetics and toxicodynamics. This is explicitly mentioned within the 
Chapter R8 of the ECHA Guidance on IR &CSA (2008, compare e.g. sec-
tion 7.A.1 on Intraspecies Differences) which is also cited by RAC on page 
127. It is not logic to apply an additional assessment factor of 5 for intra-
worker variation and applying this to the calculated NAEC-HEC. This dupli-
cation of assessment factors for the OEL derived for the respirable fraction 
should be corrected.   
 


 Inhalable fraction OEL: Germany is assessing an OEL for this fraction 
It is correct that AGS did not establish an inhalable OEL for nickel and 
nickel compounds as there are data available for a very robust quantitative 
assessment of the inhalable fraction. Nevertheless this lack was recog-
nized and German subcommittee III of AGS developed a decent evalua-
tion of the existing epidemiological studies taking into account nose tumors 
after exposure to different nickel compounds. Although in this very pre-
cious moment a decision on this proposal is pending (AGS will discuss it 
beginning of November) RAC might note that the proposal results in a 
value of 0,03 mg/m³ which very much resembles the value of 0,027 mg/m³ 
concluded by RAC as the resulting value for the inhalable fraction. During 
future discussions the rationale of German AGS on the inhalable fraction 
should be taken into account. 


 Preferred value approach:   
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fraction OEL. This was done pointing on the criterion set out in the 
SCOEL key doc (version 7, 2013). While BDI understand that this prin-
ciple might be appropriate for substances with rather limited data sets 
taking into account uncertainties and toxicological extrapolation, this is 
not the case for nickel and its compounds. In addition the actual pro-
posed OELs are in the low Microgram range which makes it a huge dif-
ference for occupational activities as well as for measurements if an 
OEL becomes e.g. for the inhalable fraction 20 µg/m³ or 30 µg/m³. 
Therefore, we urge RAC to consider the more correct rounding for the 
inhalable fraction of 0.027 mg Ni/m³ to 0.03 mg Ni/m³ which would also 
be in line with the value discussed in Germany (see above). We here-
with also refer to the case of formaldehyde, where SCOEL recently de-
viated from the preferred values approach to set an OEL of 0.3 ppm 
(SCOEL/REC/125).   
 
 
 
Prof. Dr. H. F. Bender 
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Comment on the „Proposal by the European Chemical Agency (ECHA) in support of occupational exposure limits for nickel and its compounds at the workplace”



Preliminary note:

At the outset, the CDTS, European Committee for Surface Treatment, wishes to emphasise that in its opinion, occupational exposure limits are the best way to control potential risks stemming from harmful chemicals. Particularly, when the potential risk occurs mainly at the workplace.

Occupational exposure limits combine several advantages: Equal treatment of any exposed worker, equal treatment of any technology that may cause exposure, covering any kind of occurrence of the substance, they are easily comprehensible, and simple to enforce.



Nevertheless, occupational exposure limits have to be carefully determined. The definition has to be clear and shall be a result of sound science. E.g. measurements have to be reliable, reproducible, and comparable. Therefore we welcome the approach of the proposal: “The subject of this public consultation is a proposal by ECHA on the “evaluation of the scientific relevance of occupational exposure limits (OELs) for nickel and its compounds”.



Due to the limited time frame of the public consultation CETS will limit its comments on those aspects that are most relevant to the surface treatment sector, in which the association has much experience. Given the limited timeframe of the consultation, not all toxicological presentations could be assessed. This would have required consultations of experts that take more time than that available.

CETS regrets that smaller associations are not given enough time to verify the entire consultation content, including those parts that are out of the association’s general scope.



Assessment of the base data presented



Existing Occupational Limits (chapter 4):

The tables (p. 16, 17) showing the existing occupational limit values in different European countries are probably intended to help estimate the current protection level. But to rate such values, it is necessary to report where the measurements were taken. The measurement points differ from country to country – additionally measurements may be taken in a stationary manner or directly at the workers. Therefore the data shown are not comparable. Without knowledge about the measurement details, the data tables cannot be used. It could merely provide a rough idea of the currently accepted exposure rates.



First conclusion:

Report of current exposure limits in European countries is without substantial information due to missing details about the specific measurement requirements in each country.







Monitoring exposure (chapter 6):

External exposure (chapter 6.1):

Table 17 is showing the current analytical methods accepted for Nickel and its compounds in air. There is no discussion about their applicability. The shown LOQs do not accurately reflect the real environment. Matrix effects and sampling deviations will result in much higher LOQs. Additionally, the LOQs are lying far beyond the Nickel background. Consequently, it is not necessary to achieve low LOQs but rather reliable reproducibility (analysis deviation in a single laboratory) and comparability (analysis deviation between different laboratories). None of these aspects are reported on in the underlying proposal.



Second conclusion:

The applicability of analytical methods reported is questionable. There is no statistical approach to reproducibility and comparability. Furthermore, the proposal lacks a discussion of matrix effects or possible sampling deviation. The proposal should thoroughly discuss the informational value of real analysis at workplaces.



Biomonitoring of exposure (internal exposure) (chapter 6.2):

On the one hand, it has to be remarked, that SCOEL’s biological guidance value of 3µg Nickel /l Urine shall be maintained (p. 44). On the other hand, the proposal is stating “This indicates that the use of a biological limit value for nickel in urine may not be feasible when setting an OEL around 10 μg/m3 or lower as the levels in urine from workers may not be significantly different from those of the general population.” (p.48).

The data tables 18 and 21 show results with remarkable deviation caused by the wide range of exposure concentrations. In fact, table 21 cites studies without specified exposure level. These cannot be used for determination of any relationship between external and internal exposure. 

The detailed data of table 21 reveal many more uncertainties. In lines 2 and 4 the exposure in air is reported with deviations much higher than the value. From our point of view, such a result is meaningless and cannot be distinguished from background or even null.

The urine levels of nickel concentration show great deviation, e.g. lines 2 and 4 with 129.2+/-105.6 and 65 +/-42 respectively. The informational value of this data is questionable, especially when exposure level and resulting urine concentrations are put together, e.g. (line 2)



0.5+/-2.47 µg/m3 resulting in 65 +/-42 µg/l.



Nevertheless, the proposal refers to some correlations that have been determined by interpreting the data of the studies, e.g. table 22: 
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Using these assumed correlations with exposure values of 0.1 to 5 µg/m3 (which is 0.0001 to 0.005 mg/m3) usually found in modern companies, in particular surface treatment companies, the three linear regressions will result in values of:



Tola et. al:			Ni(U) = 26.85 to 29.4 µg/l

Nieboer et al.:			Ni(U) =   2.07 to   5.5 µg/l

Oliveira et. al.:			Ni(U) =   6.04 to   8.15 µg/l



From the above, it can be assessed that the different correlations do not overlap. Consequently, one has to state that within the currently usual exposure levels in air the data available cannot describe the relation between external exposure and internal exposure via urine. The correlations end up in a more or less constant value within or below the estimated background level for the general population.



Third conclusion:

The data of external exposure reported in the proposal are not valid. The reported studies differ a lot and show significant lack of data needed for conclusions. With that the proposal misses its own requirement, the “evaluation of the scientific relevance” by neglecting sound science approaches in evaluating the applicability of the data reported.

The data evaluation shows clearly that the conclusions (relations) will not be valid in the ordinary range of exposure level of modern workplaces.



Production and Use information (chapter 5.2):

CETS has purposefully put this Chapter at the end, as some of its underlying assumptions have been disproved in other chapters (see above).

On pages 22/23 the proposal directly refers to electroplating processes: 



“Workers in electroplating shops may be exposed to Ni substances in the form of mists, dusts and powders from electrolytic solutions, nickel anodes, nickel plate and wastes during the plating operation, maintenance of solutions and plant and cleaning of the premises, equipment and plant. These present an inhalation risk. Skin contact with nickel plating solutions can occur for example when loading and unloading workpieces from the jigs and barrels and making-up, replenishing or destroying plating solutions.”



The proposal should be more precise when describing potential risks:





Mists will not transport any solid salts like Nickel compounds from solution. The salts are non-fugitive even if the water evaporates. There seems to be a mix-up with the formation of aerosols, that only occur from extensive gas formation, which is never the case when electroplating Nickel.

Dusts and powders never occur during plating operations as all uses are performed in water solutions.

Dusts and powders may result solely when handling solid compounds in order to maintain the solutions or when cleaning the facilities. At this stage, it needs to be stressed that maintenance activities are of short time compared to the general operations – much less than 8h a day.

Skin contact - while loading or unloading - is rather unlikely as any physical contact of the skin with the Nickel surface may result in lower quality. After loading, it may result in flaking of the layer and after unloading it may result in corrosion. Any surface treatment company, therefore, exercises extreme caution to prevent any skin contact with the surface.



Below the proposal is stating:

“Equally leaving containers open and failing to clean surrounding work surfaces (tables, etc.) at the end of each shift can increase the amount of nickel in the workplace and so chemical tanks and containers should be covered when not in use.”



As stated above, Nickel compounds are not fugitive. Hence without activities in the containers and tanks, no Nickel compound will be able to evaporate into the air causing increased exposure even when the containers are left open.



In addition, in the proposal the discussion of the uses in electroplating should explicitly include that Nickel and its compounds are a substitute for other hazardous substances. In particular, this applies for Chromium and Chromium trioxide, where Nickel is one of the major elements promoted as a possible substitute – at least it is major part of such technologies (e.g. ECHA Newsletter November 2016, issue 4, p. 14[footnoteRef:1]). The proposal should therefore discuss in detail the possible outcomes of different levels of regulation. If different regulations are handled independently (here REACh and OSH) it will  lead to regrettable results. In this case both technical solutions (technologies on Chromium or Nickel base respectively) may become technically and economically unfeasible.  [1:  https://newsletter.echa.europa.eu/documents/6362380/22230354/newsletter_2016_issue_4_november_en.pdf] 


The underlying proposal informs solely using a “Nickel” point of view. It does not discuss any interaction with other regulation, technology or economy. This is an essential element to take into consideration!





Forth conclusion:

The proposal fails to describe in detail the uses, resulting in overestimation of potential exposure routes. At least as regards the electroplating sector, the proposal needs to be revised intensively.





Given that the proposal does not take into account the interactions with other regulation, it does not provide sufficient information to establish a well-founded opinion or to base new measures on.





Final comment:

The proposal intends to provide a base for assessing occupational exposure limits for Nickel and its compounds. Based on the above, CETS is of the opinion that more scientifically sound work is needed to achieve reliable conclusions. The data concerning exposure, analytical methods and common uses presented in the proposal do not fulfil the requirements for a reliable decision on valid occupational exposure limits.

CETS hereby offers its cooperation in investigating proper data and information to help find meaningful and appropriate exposure limits.
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1. EXECUTIVE SUMMARY  


NiPERA appreciates the opportunity to provide comments on the October 2017 proposal by 
ECHA in support of occupational exposure limit (OEL) values for nickel and its compounds in 
the workplace.  Our main comments are focused on the toxicological issues underpinning the 
OEL derivations and address the following elements of ECHA’s proposal: 
 


  ECHA Proposed inhalable OEL of 0.02 mg Ni/m3 for nickel compounds. Additional 
considerations about the epidemiological lung cancer studies on which the proposed 
inhalable OEL is based are discussed. Available data supports the rounding of the 
ECHA derived value of 0.027 mg Ni/m3 to an OEL of 0.03 mg Ni/m3.  The 
epidemiological data equally support OELs in the 0.03-0.05 mg Ni/m3 range when 
combined exposure to soluble and insoluble Ni compounds are considered. This 
range of values is consistent with the inhalable values that could be derived from the 
animal cancer data. The application of a practical cancer threshold approach to derive 
an inhalable OEL for Ni compounds is fully supported by mode of action and dose-
response information. 


 ECHA Proposed respirable OEL of 0.005 mg Ni/m3 for nickel and nickel 
compounds. Combined data from 7 inhalation studies with nickel metal and nickel 
compounds identify a clear threshold for the respiratory toxicity effects of nickel. Mode of 
action information indicates that preventing respiratory toxicity effects (e.g., chronic 
inflammation, fibrosis) will also prevent the occurrence of lung tumors. After calculation 
of human equivalent concentrations and application of assessment factors (AF) 
for intra-worker variability, respirable OEL values of 0.005 Ni/m3 (with AF of 5) or 
0.01 mg Ni/m3 (with AF of 3) can be derived. When dosimetry models and particle size 
distribution of workplace aerosols are applied, the resulting values corresponding to the 
threshold for respiratory toxicity effects in animal studies are consistent with the 
inhalable range of 0.03-0.05 mg Ni/m3 (based on workers’ cancer data) and also with 
occupational levels at which lung inflammation-fibrosis (X-ray level) would not be 
expected.   


 A weight-of-evidence approach indicates that both animal and human data, for 
both cancer and non cancer respiratory effects, support inhalable OELs of 0.03-
0.05 mg Ni/m3; animal data supports respirable OELs in 0.005-0.01 mg Ni/m3 range. 


 ECHA proposed SEN Notation. This appropriate notation should be limited to those 
nickel compounds that are classified as respiratory sensitizers. 


 ECHA proposed BGV of 3 µg Ni/L urine. Data from several EU studies comprising a 
total of 12,000 subjects indicates that at least a two-fold higher P90-P95 value of nickel 
in urine should be adopted as BGV.  


 
When considering issues related to possible residual risks at the proposed respirable OEL it 
should also be kept in mind that in order to demonstrate compliance with the proposed OELs, 
exposure levels much lower than the OEL values need to be present in the workplace, further 
reducing any possible residual risks (please see discussion on technical feasibility aspects of 
compliance with ECHA proposed OELs within the Nickel Institute comments). 
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2. INTRODUCTION 


NiPERA1 is pleased to submit comments on the October 2017 proposal by ECHA in support of 
occupational exposure limit (OEL) values for nickel and its compounds in the workplace.  Our 
comments, focused on toxicological issues, complement those independently submitted by the 
Nickel Institute on technical feasibility issues.  
 
We found the ECHA proposal to be a well-organized and comprehensive document. NiPERA 
agrees with ECHA’s proposed approach of deriving two separate nickel OELs, an approach that 
is aligned with the one proposed by SCOEL in 2011: an inhalable one for nickel compounds 
based on epidemiological lung cancer data and a respirable one for nickel metal and 
compounds based on animal lung toxicity data. Furthermore, we agree with a mode of action for 
nickel-induced lung tumors that is indirect and allows for the identification of a practical 
threshold.  Our main comments focus on: 
 


1) providing additional considerations about the epidemiological lung cancer studies that 
equally support inhalable OELs of 0.03-0.05 mg Ni/m3 when combined exposure to 
soluble and insoluble Ni compounds are considered; 


2) presenting compiled information on mode of action and dose-response functions that 
can further support the OEL based on animal data and address the possibility of residual 
risk at respirable values of 0.005-0.010 mg Ni/m3; 


3) using a weight-of-evidence approach to describe how both animal and human data, for 
both cancer and non cancer effects, are consistent in supporting inhalable OELs in 0.03-
0.05 mg Ni/m3 range;  


4) introducing evidence in support of a nickel-specific assessment factor of 3 (instead of 5) 
for intra-workers variability that can impact the respirable OEL derivation; and  


5) providing information relevant to the limited applicability of the SEN notation to certain 
nickel compounds and to the derivation of a BGV considering recent EU studies. 


 
In drafting these comments, we also tried to address some of the concerns that we heard at the 
September RAC42 meeting.  We acknowledge the contributions from Steven Seilkop2 and Julie 
Goodman3 to the comments on the epidemiological studies of nickel and from Harvey Clewell4 
to the mode of action discussions.  
 
In addition, we provide for ECHA’s consideration editorial comments that correct some typos or 
clarify the text a bit further. 


                                                 
1  NiPERA is the science branch of the global Nickel Institute. 
2  SKS-Consulting Services and author of several epidemiological papers on nickel workers including the 


seminal ICNCM (1990) report. 
3  Gradient epidemiologist and toxicologist and principal author of nickel papers on the bioavailability 


model for nickel. 
4  ScitoVation author of multiple manuscripts on mode of action of metals and metalloids, including the 


nickel-specific Hack et al. (2007) and Efremenko et al. (2014, 2017) studies.  
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3. MAIN COMMENTS 


Section 7.7.1. Carcinogenicity/ Human data, Page 86-97 
 
The ECHA value of 0.027 mg Ni/m3 for inhalable exposure to nickel compounds (based on 
Kristiansand cohort) is likely overestimating the risk per unit of exposure to total nickel.  
 
On page 97 of the ECHA document, the statement is made that epidemiology is not a sensitive 
tool to detect slightly increased cancer risks. We agree that this is generally true, but it is largely 
a function of cohort size.  Very large cohorts such as the high nickel alloy cohort with more than 
30,000 workers studied by Arena et al. (1998), and mining and smelting subcohorts of Inco 
Ontario operations, each with more than 10,000 workers (Seilkop et al., 2016), are capable of 
detecting relatively small (<10%) increased risks for lung cancer with sufficient statistical power.    
 
The larger problem in using epidemiological data to characterize the shape of the response 
function(s) for respiratory cancer associated with exposure to different nickel forms relates to 
the uncertainties in worker exposure levels.  Actual measured exposures are unavailable for 
workers employed more than 45 years ago and prior to the time when regular exposure 
measurements started to be collected. Consequently, there is some uncertainty about the 
atmospheric concentrations as well as the nickel species proportions, in cohorts with evidence 
of excess respiratory cancer risk stemming from exposure occurring 45-100 years ago 
(Clydach, Harjvalta, Inco sintering, and Kristiansand). While Grimsrud et al. (2000) attempted to 
reconstruct exposures for Kristiansand workers in the time period prior to 1973 (based on 
measurements obtained in subsequent years) back to the opening of the refinery in 1910, the 
back-extrapolation factors that were used quite possibly led to estimated exposures that are too 
low.  Specifically, the Kristiansand back-extrapolation factors for different workplaces (mostly 
between 1.5 and 2.5) are substantially smaller than the observed changes in exposure in the 
nickel producing industry, where Symanski et al. (2000) reported decreases of 7% and 9% per 
year (from 1970’s to 1990’s) for refining and smelting, respectively. This corresponds to back-
extrapolation factors of 8 and 15 over 60 years5. Based on measured declines in dust levels in 
nickel alloy manufacturing from the 1940’s to the 1980’s, Sivulka and Seilkop (2009) found that 
extrapolation factors of this magnitude for earlier time periods were also appropriate, suggesting 
that these factors might be reasonably assumed to hold in early refining and smelting 
operations, as well. Thus, there is some evidence that the back extrapolation factors used by 
Grimsrud et al. may have been too low, leading to underestimated exposures for the earlier 
(<1973) time periods. 
 


                                                 
5  Back extrapolation factors calculated at the midpoint of a time period of t years, assuming the change is 


represented by Yt = Y0 exp(βt), where Yt is the value at t=number of years from the beginning of the 
time period, Y0 is the value at the beginning of the period, and β=percent change per 
year/100.  Example:  A back extrapolation factor over 60 years (to the time period midpoint at 30 years) 
based on an annual increase of 7%/year (going back in time) is Y30/Y0=exp(0.07x30)= 8.2.  
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Beyond this possible underestimation of exposure in the Kristiansand cohort, the ECHA-derived 
OEL value is based on an exposure-response function that clearly overestimates risk relative to 
the estimated exposures to all combined nickel forms. It does this by using risk estimates at 
categorized soluble nickel levels and not taking into consideration the levels of exposure to 
other nickel compounds.  For example, Table 1 shows that the LOAEC of 1.60 mg Ni/m3 x years 
of exposure to soluble nickel actually reflects additional insoluble nickel exposures that vary 
across different work areas. 
 
Table 1. Cumulative exposure to soluble nickel and associated cumulative exposures to total 
nickel for various departments at the Kristiansand refinery [data extracted from Table 1 of 
Grimsrud et al. (2003)] 


Department 


Exposure to 
Soluble Nickel 


(mg Ni/m3 x 
years) 


Proportion of 
Total Ni as 


Soluble Nickel 


Proportion of 
Total Ni as 


Oxidic + Sulfidic 
Nickel 


Unaccounted 
Oxidic and 


Sulfidic Nickel 
(mg Ni/m3 x 


years) 


Total Soluble, 
Oxidic, Sulfidic 


Nickel Exposure 
(mg Ni/m3 x 


years) 
Crushing, 
Grinding 


1.6 0.12 0.78 10.4 12.0 


Old Smelter  
Bldg 1 


1.6 0.1 0.89 14.2 15.8 


Roasting 1.6 0.10 0.79 12.6 14.2 


Copper 
Leaching 


1.6 0.49 0.50 
1.6 


 
3.2 


Copper 
Electrolysis 


1.6 0.80 0.17 0.34 1.94 


Electrolyte 
Purification 


1.6 0.8 0.05 0.10 1.70 


Nickel 
Electrolysis 


1.6 0.87 0.13 0.23 1.83 


 
Under the assumption that oxidic and sulfidic nickel exposure are associated with at least some 
level of increased lung cancer risk (based on animal and human data), the exposures to these 
nickel forms cannot be ignored. Consistent with animal toxicity studies, the full Grimsrud et al. 
analysis, in fact, suggests that a substantial amount of the increased risk in the cohort (OR=1.5) 
may be associated with exposure to these insoluble nickel forms (Table 8 of Grimsrud et al., 
2002). Thus, some of the estimated risk at the 1.6 mg Ni/m3 x year category (RR =2.5) in 
Grimsrud et al. (2003) that is utlilized in the proposed OEL derivation is clearly associated with 
exposure to oxidic and sulfidic nickel, in some cases at levels in excess of 10 mg Ni/m3 x years. 
In other words, the total nickel exposure in this category was up to 5-fold higher than the soluble 
nickel exposure.  This, coupled with the fact that early exposures in this cohort were likely 
underestimated, indicates that any OEL derived with this approach overestimates the risk per 
unit of exposure to total nickel.   
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This is why analyses based on a combination of cohorts, using all of the information on 
exposures to different nickel forms, should also be considered.  By examining the general 
pattern of response across cohorts, taking into account differing profiles of nickel substance 
exposure, the impacts of uncertainties in individual cohorts can potentially be balanced out in a 
weight-of-evidence assessment. This is what was attempted in the manuscript by Oller et al. 
(2014), based on studies of 13 geographically distinct nickel producing and using operations, 
comprising more than 100,000 workers, and 22 process areas. The analysis of this 
comprehensive data set (with four different refining operations, including Kristiansand) identified 
a practical exposure threshold for lung cancer of inhalable 0.1 mg Nim3 soluble Ni (in 
combination with exposure to sulfidic Ni < 0.2 mg Ni/m3 and oxidic Ni < 2.0 mg Ni/m3).  Taking 
into account the effect of cumulative exposure (length of exposure), a workplace DNEL of 
inhalable 0.05 mg Ni/m3 was derived by NiPERA (2017). This value is of a similar magnitude to 
the ECHA derived value of 0.027 mg Ni/m3 (before rounding to a proposed OEL of 0.02 mg 
Ni/m3). 
 
Below, we list some information that could have bearing on estimating the level of uncertainty 
and possible bias that may be associated with the ECHA-derived value of inhalable 0.027 mg 
Ni/m3 based on a single refinery to protect from respiratory tract cancer effects of nickel 
compounds. 
  


The two key points discussed above are that the exposure values for early time periods 
of refinery operation are likely underestimated, and that part of the increased lung 
cancer risk in the Kristiansand cohort (OR=1.5) is associated with exposure to insoluble 
nickel forms (Grimsrud et al., 2002). It is clear that at least some of the estimated risk at 
1.6 mg Ni/m3 x year soluble nickel category (OR =2.5, Grimsrud et al., 2003) that is 
utlilized in ECHA’s proposed OEL derivation is also associated with additional exposure 
to oxidic and sulfidic nickel, and thus, the total nickel exposure for a substantial number 
of workers in this category could easily have been 5-fold higher. 


 
A few additional points are noted below. 
 


1) Data from Grimsrud et al. (2003) indicate that the average exposure to soluble nickel in 
the lowest exposure category with a significant increased risk of 1.6 mg Ni/m3 x year was 
~0.25 mg Ni/m3 (considering an average employment of 13 years and converting to 
inhalable fraction), but that there was also insoluble nickel exposure.  This is consistent 
with Goodman et al. (2011) conclusions that excess lung cancer risks among various 
nickel workers were not observed at inhalable levels <0.2 mg Ni/m3 (soluble + insoluble 
nickel). 


2) In the Grimsrud et al. (2003) study, a cumulative exposure to soluble nickel of 0.63 mg 
Ni/m3 x year (in addition to insoluble nickel exposure) did not result in statistically 
increased lung cancer risks6. This value corresponds to average inhalable exposure 


                                                 
6  Acknowledging the fact that the size of the cohort determines the statistical significance of the results. 
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level of 0.12 mg Ni/m3 soluble nickel (average length of exposure of 13 years, and 
sampler correction). This value is similar to the threshold of 0.1 mg Ni/m3 for soluble 
nickel (in addition to ≤0.2 mg Ni/m3 sulfidic and ≤2 mg Ni/m3 oxidic nickel) identified by 
Oller et al. (2014), based on 13 nickel-producing and -using operations. 


3) Furthermore, the cumulative value of 0.63 mg Ni/m3 x year corresponds to an inhalable 
soluble nickel exposure of 0.03 mg Ni/m3 (which also occurs with additional insoluble 
nickel exposure), when 40 years are considered and correcting for sampler efficiency 
(0.63 mg Ni/m3 years / 40 years x 2 = 0.03 mg Ni/m3). The value of inhalable 0.03 mg 
Ni/m3 soluble Ni coincides with ECHA’s value of 0.027 mg Ni/m3 and a value >>0.03 mg 
Ni/m3 as total Ni (if both soluble and insoluble Ni exposures are considered) matches 
NiPERA’s value of 0.05 mg Ni/m3 (based on data from 13 cohorts). 


4) Germany’s approach indicates that the animal studies with Ni subsulfide predict an 
excess human lung cancer risk no higher than 4/10,000 at respirable 0.006 mg Ni/m3. A 
respirable value of 0.006 mg Ni/m3 (which is compatible with the respirable value derived 
by ECHA from a practical threshold approach7) corresponds to roughly 0.03 mg Ni/m3 if 
defined in terms of inhalable aerosol fraction8. The predicted risk at inhalable 0.03 mg 
Ni/m3 (total Ni) is even lower when considering that this risk assumes that exposure to 
total Ni will carry the same risk as exposure to Ni subsulfide, when this is clearly not the 
case in the animal studies.  Ni subsulfide is the most potent Ni compound at inducing 
respiratory tumors, being almost an order of magnitude more potent than nickel oxide in 
rat studies, and also when compared to soluble nickel compounds which did not show 
lung tumor induction in the animal studies. 


 
The ECHA value of 0.027 mg Ni/m3 for inhalable exposure to nickel compounds (based on the 
Kristiansand cohort) overestimates the risk per unit of exposure to total nickel as discussed 
above. This value was rounded to 0.02 mg Ni/m3 but could have been rounded to at least 0.03 
mg Ni/m3 when additional insoluble exposures are considered. The ECHA value of 0.027 mg 
Ni/m3 is similar to the NiPERA-derived inhalable DNEL value of 0.05 mg Ni/m3 (based on 13 
cohorts) when considering that 0.027 mg Ni/m3 is based on soluble Ni exposures, that the 
earlier exposures are likely to be underestimated, and that this does not take into account the 
workers’ simultaneous exposure to insoluble nickel compounds. Based on the various lines of 
evidence listed above, the ECHA inhalable value of 0.027 mg Ni/m3 when applied to total 
nickel can lead to OELs in 0.03-0.05 mg Ni/m3 range. This range of values can afford 
health protection from lung and nasal cancers associated with exposures to all forms of 
nickel under scope. 
 
We understand that the rounding of 0.027 mg Ni/m3 to 0.02 mg Ni/m3 is based on the criterion 
set out in the SCOEL key doc (version 7, 2013). Please see excerpt below: 
 


                                                 
7 This value is also compatible with the value of respirable 0.010 mg Ni/m3 derived by NiPERA using a 


practical threshold approach. 
8  Workplace inhalable aerosols contain on average about 20% of the nickel mass in the respirable 


fraction (e.g., Oller and Oberdörster, 2010). 
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“As a general rule, SCOEL recommendations for 8-hour TWA OELs will use, as 
preferred values, decimals of the integers 1, 2 or 5 ppm or mg/m3, if scientific reasons do 
not suggest a more specific value.  
 
However, it is the opinion of SCOEL that further discrimination, resulting in proposals 
falling in-between any two of these integers, suggests a precision that, in reality, is 
unjustifiable, given the limitations of the databases for the vast majority of the 
substances considered and the uncertainties involved in toxicological extrapolations.” 


 
While we can understand that for the vast majority of the substances, a more specific value may 
not be supported by the available data; this is not the case for nickel. There are epidemiological 
data from 13 cohorts including ~100,000 workers, animal data from five lifetime studies in rats 
and three lifetime studies in mice, and significant information on mode of action. Moreover, all 
the datasets consistently support a range of values from 0.03-0.05 mg Ni/m3. In the case of 
formaldehyde, for which a broad database exists, SCOEL has recently deviated from the 
preferred values approach to set an OEL of 0.3 ppm (SCOEL/REC/125, June 2016), thus, there 
is precedent for using more precise values when the data support it.   
 
Thus, we encourage ECHA/RAC to round the inhalable 0.027 mg Ni/m3 to 0.03 mg Ni/m3.  
 
 
Section 7.9. MOA and AOP considerations, Page 110-114 
 
A mode of action for nickel compounds based on indirect genotoxic and non genotoxic effects is 
proposed. 
 
In this section, Adverse Outcome Pathway (AOP) and Mode of Action (MOA) considerations are 
discussed. AOPs provide a means to organize existing and developing toxicological data into a 
format that can facilitate application of mechanistic information in understanding the potential 
MOA for both cancer and noncancer effects (e.g., OECD 2013a, 2013b). While AOPs are not 
chemical-specific and consist only of response-response relationships, MOAs are chemical-
specific and also consider the exposure levels/doses at which one or more of the contributing 
AOPs may come into effect and eventually lead to toxicity and/or tumor formation. In the case of 
nickel compounds, there is a substantial body of evidence in support of a mode of action. 
 


Table 2 below summarizes the results from the main inhalation rat studies with 3 nickel 
compounds (Ni subsulfide in red, Ni sulfate in green and Ni oxide in blue).  
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Table 2. Inhalation studies with nickel compounds in rats 


 







 


COMMENTS ON THE ECHA PROPOSED 


OELS FOR NICKEL AND ITS COMPOUNDS 


IN THE WORKPLACE 


 


Page 11 of 36 


Column 1 of Table 2 indicates the respirable aerosol concentrations associated with the 
observed effects. Column 2 reports on the histopathological findings of toxicity and 
tumorigenicity in the lifetime studies. Column 4 reports on 13-week study results that include 
findings from histopathology, BALF (bronchio-alveolar lavage fluid), Comet and cell proliferation 
studies. Column 6 reports on 3 or 4 week studies with Ni subsulfide and Ni sulfate where 
histopathology, BALF and/or gene expression results were reported. Columns 3, 5 and 7 list the 
measured lung burdens associated with the reported exposures, if available. 
 
In the lifetime study with Ni sulfate, a respirable NOAEC for lung inflammation (histopath) was 
identified (0.03 mg Ni/m3), while no NOAECs were identified in the lifetime studies with Ni 
subsulfide and Ni oxide conducted at higher exposure levels. It is possible to use the 
information from the 13-week and 3-4 week studies with these compounds (and associated lung 
burdens) to confirm that the NOAEC for Ni sulfate identified in the lifetime study will also be a 
NAEC for the less-soluble compounds. Regarding nasal effects, the results indicate that even if 
much higher deposition fractions are expected for the head area (~0.5) than for the pulmonary 
region (~0.1) based on the experimental aerosol characteristics and using a dosimetry model, 
toxicity to the nasal epithelium is only observed at exposure levels above those that induce lung 
toxicity. 
 
The information on lung burdens across different duration studies with Ni subsulfide indicate 
that steady state is reached by 3-4 weeks of exposure and therefore the toxicity/genotoxicity 
results observed in the 4- and 13-week studies are relevant to inform the mode of action for 
tumor induction in the 2-year study.  
 
Below we try to integrate the available information into a possible MOA for nickel compounds. 
Several lines of evidence exist, as noted in the ECHA proposal and elsewhere, to support the 
position that nickel compounds have indirect genotoxicity effects. Indirect genotoxicity involves 
“interactions with non-DNA targets” (Kirsch-Volders et al., 2003) whilst direct genotoxicity effects 
are typically seen with substances that react with DNA, form adducts and yield positive results 
in Ames assays. The recent ECHA Guidance on the Application of the CLP Criteria (2017) 
further states that “Genotoxic modes of action involve genetic alterations caused by the 
chemical interacting directly with DNA to possibly result in a change in the primary sequence of 
DNA after cell division.”  In addition to the direct effects, ECHA goes on to indicate that “A 
chemical can also cause genetic alterations indirectly following interaction with other cellular 
processes (e.g., secondary to the induction of oxidative stress). Non-genotoxic modes of action 
include epigenetic changes, i.e. effects that do not involve alterations in DNA but that may 
influence gene expression, altered cell-cell communication, or other factors involved in the 
carcinogenic process.”  
 
The overall body of evidence strongly suggests that the mutagenicity of nickel compounds is 
weak and does not fit a direct, mutagenic mode of action. Nickel has a preferential and stronger 
interaction with proteins than DNA, as noted by the relatively low Ni(II) binding constants of 6.7 
X 10-1 M-1 for adenosine and 7.3 X 102 M-1 for DNA. In contrast, binding constants of 4.37 X 109 
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M-1 for cysteine, 1.9 X 109 M-1 for histidine or 1-5 X 105 M-1 for other amino acids have been 
reported (Biggart and Costa, 1986). The preferential affinity of Ni for proteins rather than DNA is 
quite striking. This is consistent with the ECHA statement on page 114, 6th full paragraph: 
“Although nickel has a relatively weak affinity for DNA, it has a high affinity for chromatin 
proteins, particularly histones and protamines (Costa et al., 1994; Kasprzak et al., 2003; Oller et 
al., 1997).” Thus, the available evidence indicates that Ni(II) effects are not due to direct 
interaction with DNA and direct mutations.  
 
Rather, an MOA for nickel compounds through indirect mechanisms can be proposed. Figure 1 
displays a possible MOA for insoluble nickel compounds based on the information provided in 
Table 2. 
 
Figure 1. Proposed Mode of Action for the Cancer and Noncancer Effects of Nickel Compounds 


 
 
In this proposed mode of action, two major pathways are noted: 1) the recruitment and 
activation of macrophages that can result in oxidative stress and inflammation and 2) 
intracellular events in target lung epithelial cells that are mainly driven by Ni(II) affinity for 
proteins. If Ni remains mostly in the cytosol, only chronic inflammatory responses with changes 
in cell cycle signaling may ensue. But if Ni is delivered preferentially to the cell nucleus, binding 
to histones and DNA repair enzymes can lead to a variety of effects, such as increased nuclear 
reactive oxygen species (ROS) generation, epigenetic changes in chromatin condensation and 
gene expression, and inhibition of DNA repair.  Eventually, the combination of nuclear and 
cytosolic events can lead to genomic instability and mutagenicity and result in tumor formation. 
At this time, the MOA in Figure 1 is only a proposed hypothesis. However, it is consistent with 
the information reported by ECHA (Section 7.9) and in a variety of publications9. For soluble 


                                                 
9  e.g., Cameron et al., 2011; Kasprzak et al., 2003; Costa et al., 1994; Kawanishi et al., 2002.  
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nickel compounds, only the left side pathways in Figure 1 may be operational in rats, consistent 
with the lack of tumors in animal studies with single-compound exposures. Increased tumors in 
workers’ studies may reflect mixed exposures, where soluble Ni can enhance risks associated 
with insoluble Ni compounds and/or smoking. 
 
To provide additional guidance on how information on MOA can be combined with dose-
response data to inform the derivation of an OEL, Figure 2 (based on data from Table 2 and 
gene expression data form Efremenko et al., 2014) proposes how to identify lung response 
thresholds. For the tissue responses, solid lines start at LOAECs while dotted lines cover the 
exposure interval between NOAEC and LOAEC where the effects are assumed to begin. 
 
Figure 2. Lung Response Thresholds for Nickel Subsulfide 


 
 
Both lung tissue responses and gene expression data indicate that preventing lung inflammation 
would prevent any other inflammation-related or unrelated genotoxic effects. Furthermore, an 
inhalation exposure level of respirable 0.03 mg Ni/m3 can be identified as a practical threshold 
(NOAEC, NOTEL) and can constitute a point of departure from which respirable and/or 
inhalable OELs can be based that will be protective of both non cancer (lung toxicity, fibrosis) 
and respiratory cancer effects. 
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Section 8.1.4 SCOEL / Proposed health based OELs, Page 118 
 
A link between lung inflammation/fibrosis and lung tumors based on the animal data can be 
supported by the human data.   
 
The first paragraph under this section indicates: “The proposed OELs were based on protection 
from inflammatory effects in the lung, but according to available evidence should also protect 
against carcinogenic effects.”  Some further information on this topic is provided here. 
 
Animal studies suggest that fibrosis can be associated with chronic inflammation after repeated 
exposure to some Ni compounds (Ni sulfate and Ni subsulfide). Studies of lung inflammation at 
the histopathology level in humans are not feasible. In humans, X-ray analysis can provide 
information on regular or irregular opacities that indicate the presence of tissue fibrosis.  [It 
should be noted however, that a radiological finding of fibrosis (based on an ILO, International 
Labor Office, score) may be asymptomatic and does not necessarily correspond with a clinical 
diagnosis of lung fibrosis.]  
 
Generation of ROS at the mitochondrial level has been identified as a common pathway for lung 
diseases such as lung fibrosis, asbestosis, chronic airway diseases and lung cancer (Liu and 
Chen, 2017). There had been some studies (e.g., asbestos) that have linked prevention of 
fibrosis with prevention of lung cancer (e.g., Deng et al., 2012) but other studies have not (e.g., 
high pneumoconiosis incidence among carbon black workers but low tumor incidence as 
discussed for example in McCunney et al., 2012).  
 
For nickel workers, the data on lung fibrosis at the X-ray level are relatively sparse but can be 
considered in a weight-of-evidence approach. On page 59 of ECHA’s report, the radiographic 
study of nickel refinery workers at the Kristiansand refinery is reported (Berge and Skyberg, 
2003). As noted, the overall incidence of fibrosis (based on radiographic ILO scoring) in this 
cohort was relatively low (5%) compared to e.g., quarry workers (14%), and not significantly 
different from that of “normal” hospital X-rays (4.2%). Nevertheless, there was statistically 
significant evidence of dose-responses for X-rays with ILO score of > 1/0 and cumulative 
exposure to soluble nickel or sulfidic nickel.  The estimated effects of exposure to these 
substances were modest (10% and 15% increased risks per mg Ni/m3 x year, respectively). For 
example, the estimated prevalence for 60-year-old men with 20 pack years of smoking 
exposure (2.5%) was predicted to increase to 3% with 1.8 mg Ni/m3 x years of soluble exposure 
(Table 4 from Berge and Skyberg, 2003).  The 75th percentiles of cumulative exposure 
corresponded to >0.16 mg Ni/m3 inhalable soluble nickel and >0.05 mg Ni/m3 inhalable sulfidic 
nickel, when average exposures of 22 years and a 2-fold sampler correction factor were 
applied. 
 
In rat lifetime inhalation studies, a respirable NOAEC of 0.03 mg Ni/m3 was identified for chronic 
lung inflammation and fibrosis (Table 2). Using a dosimetric model and considering the particle 
size distribution (PSD) of the Kristiansand workplace aerosols, inhalable Human Equivalent 







 


COMMENTS ON THE ECHA PROPOSED 


OELS FOR NICKEL AND ITS COMPOUNDS 


IN THE WORKPLACE 


 


Page 15 of 36 


Concentrations (HECs) of >0.12-0.19 mg Ni/m3 can be calculated (NiPERA, 2017, Table 
C2.12).  When an assessment factor of 3 is applied (see more about the AF below, under page 
127 comment), inhalable OELs in 0.04-0.06 mg Ni/m3 range can be derived.  
 
Therefore, even if there is some uncertainty about how inflammatory lung responses in animals 
translate to humans, it appears that exposure levels at which there is no lung tissue 
inflammation-fibrosis (histopathology level) in rats are consistent with absence of increased X-
ray level lung fibrosis in humans. The consistency between combined animal and human 
toxicity data can be considered in a weight-of-evidence approach to inform the residual 
risk associated with the proposed ECHA OELs (i.e., the more consistent the data are, the 
lower the estimated residual risk will be).  
 
 
Section 8.2.1. Cancer risk assessment and exposure limit values/ Exposure limit values/  
Occupational Exposure Limits (OELs), Page 125 
 
Further assessment of uncertainties associated with a true or practical threshold.  
 
It is stated in the ECHA proposal that the German approach to OEL derivation assumes a 
threshold-based effect (lung inflammation) for soluble and metallic nickel but for insoluble Ni 
compounds the model assumes that there is still a risk of indirect genotoxicity below the levels 
causing inflammation in the lungs.  Similarly, the first full paragraph in page 126 indicates that 
“…it should also be recognized that there might be remaining uncertainties related to a ‘clear’ 
threshold for tumor formation which could be reflected by using the term ‘practical’ OEL.” 
 
We would like to review the evidence for or against the presence of residual risk or uncertainty 
associated with a respirable OEL set to protect from the inflammatory effects seen in the lifetime 
rat studies. Table 2 (above) provides effects’ data for many long term and short-term inhalation 
rat studies with Ni compounds and indicates that the threshold for inflammation of respirable 
0.03 mg Ni/m3 is applicable to soluble and insoluble Ni compounds. Furthermore, the 
Efremenko et al. (2014, 2017) gene expression studies identified 0.03 mg Ni/m3 as the threshold 
for gene expression effects. The detection of gene expression changes in the tumor target 
tissue of the lung represents very sensitive endpoints. Gene expression perturbations can take 
place even in the absence of any frank toxicity (e.g., absence of BALF, histopath, or DNA 
effects). Therefore, the lack of gene expression changes in the 4-week studies provides 
additional support for 0.03 mg Ni/m3 being not just a practical threshold to prevent tumor 
induction (e.g., Ni subsulfide) and tumor promotion (e.g., Ni sulfate, Ni subsulfide), but a true 
threshold at which not enough Ni(II) can be delivered intracellularly to the target epithelial cells 
to cause toxicity and neither the cellular nor the tissue antioxidant capacities are overwhelmed.  
 
Using a dosimetric model and considering the PSD of inhalable workplace aerosols, inhalable 
OELs in 0.04 -0.06 mg Ni/m3 can be derived (as described in our comment on page 118 of the 
ECHA report above). These inhalable values based on animal toxicity data are similar to the 







 


COMMENTS ON THE ECHA PROPOSED 


OELS FOR NICKEL AND ITS COMPOUNDS 


IN THE WORKPLACE 


 


Page 16 of 36 


inhalable values that can be derived from lung tumor (0.03-0.05 mg Ni/m3) data based on 
epidemiological results (see comments about pages 86-97). Mode of action consideration 
and the consistency of values derived from animal or human data diminish the 
uncertainties regarding any residual risk associated with the respirable OEL.  
 
 
Section 8.2.1. Cancer risk assessment and exposure limit values/ Exposure limit values/ 
Occupational Exposure Limits (OELs)/ Respirable fraction, Page 127 
 
An assessment factor of 3 for intra-worker variability could be applied when deriving a respirable 
OEL based on animal data.  
 
The ECHA proposal applied a factor of 5 to account for intra-worker variation when deriving the 
respirable OEL based on animal data. The factor of 5 is the default factor included in ECHA’s 
Guidance (2008) for a relative homogeneous workers’ population that excludes the very young 
and the very old. As a default factor, this factor is conservative as it has to cover variability in 
workers’ response for exposures to a large variety of chemicals. These chemicals can range 
from simple or complex organic molecules to inorganic compounds; these chemicals may have 
effects that are local or may have systemic effects. In addition, for many organic molecules, 
variability in metabolism between workers must be considered. Therefore, a default factor of 5 is 
prudent given the range of substances and effects that need to be covered. While ECHA 
guidance does not distinguish between local and systemic effects, it should be noted that other 
authors have considered that a factor of 3 would be equally applicable as a default, particularly 
for local effects. For example, a value of 3 for workers is supported by the Hattis and Silver 
(1994) analyses of the variability in toxicodynamic responses for local effects (skin effects, eye 
irritation and a number of respiratory effects such as pulmonary function and pulmonary 
discomfort; dose-response studies of respiratory irritants were also analyzed).  
 
In the specific case of nickel compounds, the adverse effects triggered by inhalation of nickel 
and nickel compounds are limited to local effects on the respiratory tract. Furthermore, inorganic 
nickel compounds do not undergo metabolism (for activation or for excretion). Thus, when the 
HEC approach is applied, the use of a factor of 3 to account for intra-worker variation 
could be justified. This would lead to a respirable OEL of 0.01 mg Ni/m3 for nickel metal 
and compounds. 
 
 
Section 8.3. Notation, Page 129 
 
The SEN notation should be limited to the nickel compounds classified as respiratory 
sensitizers. 
 
In the first paragraph of this section, it is stated that “Nickel and its compounds are skin and 
respiratory sensitisers and therefore the dossier submitter ECHA proposes that a “sensitisation 
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notation” is warranted.” Presumably, this notation is applied following the criterion outlined in the 
SCOEL Key Documentation (version 7, 2013). This document states: 
 


“Evidence relating to respiratory sensitisation is likely to stem almost entirely from 
experience in humans. The most useful data are likely to derive from epidemiological 
studies. Case reports rarely provide useful exposure/response data and animal models 
are not yet fully validated and applicable for OEL settings.  
 
For those substances for which the data are sufficient to indicate that there is an 
apparent threshold for the induction of sensitisation, a health based OEL may be 
recommended by the SCOEL, following the principles outlined elsewhere in this Key 
Documentation. Where such a threshold cannot be defined with some confidence, it is 
the opinion of the SCOEL that health based OELs cannot be established, and the role of 
the SCOEL in these situations will be limited to offering advice to the Commission on the 
risk of respiratory sensitisation at particular exposure levels [along similar lines to that 
outlined for genotoxic carcinogens (see Chapter 8)]. 
 
The SCOEL also takes the view that it is not possible to set health based OELs which 
will provide protection against the elicitation of responses among persons who have 
already become sensitised to particular substances. With this in mind, it is the intention 
to recommend a ‘sensitisation notation’ for any substance for which the SCOEL 
recommends a health based OEL and which has also been classified as a respiratory 
sensitiser with the Risk Phrase R42.”  
 


It is important then to consider that the harmonized classification as respiratory sensitizers of 
several nickel compounds in the CLP is based only on data from exposure to water soluble 
nickel compounds10. The evidence linking soluble nickel exposures and hypersensitivity 
reactions of the respiratory tract is stronger than from any other nickel substance, and yet these 
data are less than robust. Fernandez‐Nieto et al. (2006b) concludes that “… nickel salts may 
induce asthma by different mechanisms, non immunologic or immunologic, and the latter can be 
IgE dependent or non‐IgE dependent.” It has also been concluded that there is not a one‐to‐one 
correlation between contact dermatitis to soluble nickel and respiratory sensitization (Estlander 
et al., 1993; Bright et al., 1997; Fernandez-Nieto et al., 2006b).  
 
The classification of nickel metal as a respiratory sensitizer was discussed extensively in 2004 
by the EU Classification and Labelling Subcommittee (under EU Existing Substances regulation, 
793‐93 Dangerous Substances Directive). After evaluating the available data linking nickel 


                                                 
10 The classifications as respiratory sensitisers for Ni hydroxycarbonate and Ni dihydroxide were not 


based on substance-specific data but were rather based on the incorrect assumption that these 
compounds would be as equally bioavailable in lung fluids as Ni sulfate or Ni chloride. This has shown 
to be incorrect (e.g., Oller et al., 2009). See our editorial comment regarding page 72 of the ECHA 
report. 
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metal exposures to respiratory hypersensitivity reactions and taking into account the relatively 
few reported number of cases in relation to the much larger exposed population, they concluded 
that “Whilst there is some evidence from exposure to indicate that metallic nickel is a respiratory 
sensitiser in humans, the available data is not considered to meet the classification criteria for 
R42” (EU RAR Nickel Metal 2008). In 2010, Germany reviewed the evidence and decided to 
classify the soluble nickel compounds, but not nickel metal, as respiratory sensitizers based on 
the number of respiratory sensitization cases after exposure to nickel compounds (TRGS 907, 
2011). 
 
The existing data in 2017 still support these assessments. We therefore request that the SEN 
notation be restricted to no more than the nickel compounds currently classified as 
Resp. Sens. 1 in the CLP. 
 
 
Section 6.2.2.1, Relationship between external and internal nickel exposures, Page 48 
and Section 8.2.5 Biological Guidance Value (BGV), Page 129 
 
A BGV higher than 3 μg nickel/l urine can be supported by data from the EU. 
 
It is recognized by ECHA that the use of a biological limit value (BLV) for nickel in urine may not 
be feasible when setting a respirable OEL around 10 μg Ni/m3 or lower as the levels in urine 
from workers may not be significantly different from those of the general population.  However, 
ECHA proposes to maintain the biological guidance value (BGV) of 3 μg Ni/l urine suggested in 
SCOEL/SUM/85 (SCOEL, 2011). The SCOEL document cites only Hartwig and Drexler (2010) 
as a source, and the BGV appears to be based mostly on values from the German population 
(e.g., Merzenich et al., 2001). While the setting of a BGV based on the range of nickel in urine in 
non-occupationally exposed individuals can provide a reference framework for the biomonitoring 
of nickel workers, the value of 3 µg Ni/l urine appears to be significantly lower than 95% of the 
range for EU populations based on a limited review of the available data. Table 3 below 
includes some recent and older studies in Europe addressing urinary nickel levels in children, 
adolescents and adults, to provide a wider geographical coverage. 
 
Table 3: Urinary concentrations of nickel in non-occupationally exposed individuals from diverse geographic samples 
in Europe 


Authors  Country  n  Mean ± SD 
(µg Ni/L) 


Range, P75/P90/P95 
(µg Ni/L) 


Aguilera et al. (2010) 
-children and adolescents- 


Spain (Ria of Huelva) 224 2.72 10.65 P95 


Spain (other cities Andalucia) 194 3.00 8.99 P95 


Kiilunen et al.  (1987) Finland 299 4.1* 10 P95 


Darsow et al. (2012) 
-adult females Germany (Munich) 164 - 0.2 – 10.1; 3.9 P95 


Schulz et al. (2009) 
-children and adolescents- 


Germany 1567 1.3 P50 


4.5 P95  
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Authors  Country  n  Mean ± SD 
(µg Ni/L) 


Range, P75/P90/P95 
(µg Ni/L) 


Kasper-Sonnenberg et al. (2011) 
Germany – children 594 2.8 7.6 P95 


Germany – adult females 579 2.1 8.1 P95 


Merzenich et al. (2001) 
Germany (Bremen) - men 429 0.85* 2.5 P90 


Germany (Bremen) - women 164 1.03* 3.4 P90 


Heitland and Koster (2006) 
Germany – adults 87 0.3* 2.5 P95 


Germany – children 72 2.7* 7.3 P95 


Schwegler et al. (2009) Germany – females 163 - 3.9 P95 


Mann et al. (2010) 
-children 


Germany (Duisburg) 620 - 0.67-16.00, 6.75 P75 


Germany (Dortmund) 390 - 0.39-26.02, 5.79 P75 


Germany (Borken) 315 - 0.30-15.07, 4.07 P75 


Jergovic et al. (2010) 
Croatia (medium fighting) 46 7.42 5.93 P25-9.66 P75 


Croatia (heavy fighting) 127 4.73 3.52 P25-6.89 P75 


Andersen et al. (1978) Norway 15 2.3 ± 0.58 1.4 – 3.4; 3.4 P95 


Smith-Sivertsen et al. (1998) 
Norway-Sor-Varanger 902 0.9 


0.3 – 11 
 


Norway-Tromso (control) 302 1.4 
0.3 – 6 


 


Nisse et al. (2017) France 1992 2.00* 5.99 P95 


Fréry et al. (2010) France 1949 1.36* 4.54 P95 


Hoet et al. (2013) Belgium 1022 1.73* 4.73 P95 


Minoia et al. (1990) Italy 878 0.9 0.1 – 3.9; 1.74 P95 


Chellini et al. (2017) 


Italy (Arezzo) – industrial 153 3.85* 0.53-15.33 


Italy (Arezzo) – urban 92 4.75* 0.54-18.32 


Italy (Arezzo) – rural 55 2.71* 0.48-9.74 


Stojanović et al. (2004) 
Serbia – smokers 69 1.20 P50 <0.01-8.20, 3.50 P75 


Serbia – non-smokers 78 0.50 P50 <0.01-4.60, 1.45 P75 


*geometric mean 
 
While the average of mean urinary nickel values for the various countries included in Table 3 is 
around 3 µg Ni/liter, the average of the P95 values is certainly higher than 3 µg Ni/liter as shown 
in Figure 3. Since most of the nickel in urine of non-occupational exposed subjects is derived 
from their diet, the range of values across the EU may reflect to some extent variations in types 
and quantities of foods consumed. Figure 3 shows the number of subjects associated with the 
studies listed in Table 3 corresponding to the various urinary P75, P90 or P95 values.  
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Figure 3. Number of subjects in each study listed in Table 3 associated with their corresponding 
urinary nickel values. Studies reporting ranges only were excluded 


 
 
The proposed BGV of 3 µg Ni/liter seems to be too low and we encourage ECHA to 
conduct a systematic review of the literature to confirm if a higher value could be 
selected based on the majority of the EU urinary nickel data.  
 
In addition, the correlation between air levels and urinary levels for groups of individuals (Greim 
and Drexler, 2004; Thomassen et al., 1999; Werner et al., 1999) indicates that the water or lung 
solubility of various forms of nickel can differently affect nickel absorption.  Based on the 
equations presented in the ECHA proposal document: 
 


 the equation for soluble nickel in air is:   
 Ni urine (µg/L) = 600 x [Ni air (mg/m3)] + 10   R2 =1 
 


 the equation for poorly soluble nickel in air is:   
 Ni urine (µg/L) = 75 x [Ni air (mg/m3)] + 7.5   R2 =1  


 
Solving these equations for urinary nickel values corresponding to the proposed OEL value of 
0.02 mg Ni/m3 yields 22 µg Ni/L and 9.0 µg Ni/L, for soluble and poorly soluble compounds, 
respectively.  In addition, urinary nickel levels in workers can reflect perioral as well as 
inhalation exposure. This would lead to a situation where the air exposure levels are below the 
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proposed OEL, but the urinary level would be above the BGV, especially one as low as 3 µg 
Ni/liter. We urge ECHA to confirm if a higher BGV would be in line with the upper range of 
the general population. 
 


 
4. EDITORIAL AND CLARIFICATION COMMENTS 


Section 4. Existing Occupational Exposure Limits, Page 18, Table 7 
 
Footnote (3) is not cited in the table. 
 
 
Section 5.3.1. Occupational exposure across all main uses and production, Page 34, 
Table 11 
 
Since the relationships between air exposures and urinary nickel will depend not only on the 
nature of the Ni substance but also on the size of the particles, it would be helpful to indicate (as 
much as possible) the aerosol fractions associated with the reported exposures. This is also 
relevant to text under Section 6.2.2. Page 45, Table 18 and Page 48, Table 21. 
 
Section 5.3.1, Page 39. The Bertram et al. (2015) and the Kendzia et al. (2017) studies report 
on exposures to nickel during welding. It may be helpful to clarify that although the welded 
material or the welding rods main contain metallic nickel (Ni-containing steel and other alloys), 
the particles that are generated by the process of welding contain mostly complex nickel oxides 
and spinels and not metallic nickel (as discussed at the IARC March 2017 meeting on Welding). 
This is also relevant to the discussion at the end of the first paragraph on page 87. 
 
 
Section 5.3.1. Occupational exposure across all main uses and production, Page 41. 
Table 16 
 
We want to clarify that Table 16 is a copy of Table 4.1.1.2.6.4 included in the EU RAR (2008) for 
Ni metal. Please see below. While it is correct that much of the exposure in this table was 
extracted from the NiPERA (1996) Criteria document and it is as described in footnote 8 (page 
41 of the ECHA report), the ultimate typical and worst-case levels reported are those estimated 
in the EU RAR (2008). 
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Section 6.2.1. Background levels of nickel, Page 44 
 
The second paragraph reports on ambient air nickel levels. The paper by Buekers et al. (2015) 
provides updated background levels of nickel in ambient air for the EU. The AirBase data 
analysis shows that in 2012, PM10 nickel data were available from 339 monitoring stations in 10 
countries. The P90 PM10 value was 4.6 ng Ni/m3.  
 
 
Section 6.2.2. Occupational exposure, Page 47, Table 19 
 
Need to add the symbol for micrograms to the equations. 
 
 
Section 7.1.1. Health effects/ Human data, Page 50, third full paragraph 
 
It is indicated here that an appreciable amount of inhaled nickel dust may be swallowed via the 
mucociliary clearance mechanism. This is indeed the case for particles deposited in the 
tracheobronchial region of the respiratory tract. However, it may be worth noting that the larger 
particles deposited in the extrathoracic region (which contain higher Ni mass) can also be 
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swallowed and absorbed through the gastrointestinal tract. Therefore, a majority of the 
systemically absorbed Ni after inhalation exposure can be absorbed through the oral route.  
This is consistent with the ATSDR cited text on paragraph 7, page 51. 
 
In the case of rodents exposed to Ni aerosols via inhalation, it could be noted that all the 
carcinogenicity studies were conducted via whole body exposure. This resulted in deposition of 
dust on the fur of the animals. Because rodents have grooming behavior, oral exposure to the 
particles occurs in conjunction with inhalation exposure. This is consistent with the text on the 
first full paragraph on Page 52. 
 
 
Section 7.1.3. Health effects/ In vitro data, Page 53 
 
Other examples of in vitro studies that have shown higher nuclear levels of Ni after exposure to 
Ni subsulfide include Abbracchio et al. (1982) and Costa and Mollenhauer (1980).  
 
 
Section 7.2.2. Acute toxicity/ Animal data, Page 55, Table 24 
 
The section on acute toxicity indicates that the information is based on ATSDR (2005), EFSA 
(2015), and Danish EPA (2008a). The references in Table 24 are not included in ECHA’s doc 
reference list. For example, Henderson et al. (2012) reports LD50 values for the following 
compounds: Ni sulfate (362 mg/kg), Ni acetate (550 mg/kg), Ni chloride (500 mg/kg), Ni 
hydroxycarbonate (2000 mg/kg), Ni sulfamate (1098 mg/kg), Ni dihydroxide (5000 mg/kg), Ni 
fluoride (310 mg/kg), Ni subsulfide (>11000 mg/kg) and Ni oxides (9900->11,000 mg/kg). It 
would be good to add these values to the table for completeness, and to add the references in 
Table 24 to the reference list. 
 
 
Section 7.3.2. Specific target organ/ Animal data, Page 60 
 
The first full paragraph discussed the potency of nickel compounds to induce chronic 
inflammation after repeated exposures. It is indicated that for Ni sulfate “A definitive NOAEC for 
these effects could not be defined from the data.” This statement contradicts the analyses 
presented on pages 106 (first full paragraph) and 107 (second full paragraph) and the 
assessments performed by e.g., NTP (1996c), Haber et al. (1998), Goodman et al. (2011), 
SCOEL (2011). The only effect observed for Ni sulfate in rats at the exposure level of 0.03 mg 
Ni/m3 was minimal macrophage hyperplasia (lowest possible severity score). Macrophage 
accumulation in the lung after exposure to low solubility materials in the absence of any sign of 
inflammatory reaction is considered to be a physiological sign of enhanced alveolar clearance 
activity.  This is one of the histological changes in the respiratory tract that may be assessed as 
an adaptive response according to Burger et al. (1989).  The macrophage hyperplasia seen 
after exposure to nickel sulfate fits this definition.  The animals are exposed to particles of Ni 
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sulfate hexahydrate (even if they are rapidly solubilized upon deposition). Macrophage 
hyperplasia has been observed after inhalation exposure to a great variety of particulates that 
ranged in toxicity and ability to cause cancer (carbon black, talc, titanium dioxide, silica, nickel 
oxide, etc).  Therefore, this is not a specific nickel effect, but a particulate physiological effect.  
 
 
Section 7.3.4. Specific target organ/ Summary, Page 70 
 
In the first paragraph of the summary of repeated dose studies with Ni substances, effects 
associated with acute oral exposure are described (EFSA, 2015). It may be best to move this 
text to the acute exposure section. Furthermore, it is worth clarifying that oral exposure to nickel 
(e.g., food, water) cannot induce nickel dermatitis. What it can do, in a small subgroup of nickel-
sensitized individuals, is exacerbate existing dermatitis or trigger a flare up of dermatitis at 
previous dermatitis sites.  
 
 
Section 7.4. Irritancy and corrosivity, Page 70 
 
The latest versions of the Chemical Safety report (CSRs) for inorganic nickel substances 
contain the most thorough and up-to-date information for all endpoints, including unpublished 
OECD standardized testing results that are available upon request from NiPERA. 
 
 
Section 7.4.1. Irritancy and corrosivity/ Human data, Page 70-71 
 
Primary references for the cited information for human data on skin irritation should be provided 
for nickel sulfate (Frosch and Kligman, 1976; Seidenari et al., 1996) and nickel chloride (Kalimo 
and Lamintausta, 1984). These studies can be included in Table 30 as human data on skin 
corrosion/irritation. 
 
Furthermore, the data currently listed in Table 30 (page 71) for the OECD 431 and 439 tests are 
“in vitro” data only (not in vivo as stated in the table) and are not human data. This information 
should be moved to the section 7.4.3. In vitro data. The Suh et al. (2014) study does include 
animal data for rabbits and guinea pigs that could be included under section “7.4.2. Animal 
data”.  
 
It is worth clarifying that not all inorganic nickel compounds have been associated with mucosal 
irritation and asthma. The WHO (2000) document used as a reference for this information 
specifically states “The respiratory tract is also a target organ for allergic manifestations of nickel 
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exposure. Allergic asthma has been reported among workers in the plating industry following 
exposure to nickel sulfate.”11   
 
 
Section 7.4.2. Irritancy and corrosivity/ Animal data, Page 71 
 
The first sentence should specify that the study with nickel nitrate was for “skin.” The information 
cited for nickel nitrate and nickel sulfate in the first sentence of the section is not found in the 
provided reference of Environment Canada and Health Canada (1994). Only human data is 
noted in this reference. Existing animal data are included in the CSRs and IUCLID files and 
reports are available from NiPERA upon request.   
 
Section 7.4.4. Irritancy and corrosivity/ Summary, Page 71 
 
The final sentence of this section is not quite accurate.  Although skin irritation can decrease the 
effectiveness of the skin barrier and increase the risk of skin sensitization, skin irritation is not 
required for skin sensitization.  
 
 
Section 7.5.1. Sensitisation/ Human data/ Respiratory sensitisation, Page 72 
 
The last paragraph in the Respiratory sensitization section quotes the Danish EPA (2008a) 
report about the respiratory sensitizing potential of Ni compounds. It indicates that since Ni 
sulfate is considered as a respiratory sensitizer it must be assumed that Ni chloride, Ni dinitrate, 
nickel carbonate and Ni hydroxide may also have the potential to cause respiratory 
sensitization. In this context, it would be helpful to clarify that while the first 2 compounds are 
fully water soluble, Ni carbonate is significantly less soluble than Ni sulfate in lung fluids (Oller et 
al., 2009) and Ni hydroxide is also much less soluble in lung fluids than Ni sulfate, as noted for 
example on page 91 of ECHA’s doc, in reference to the Jarup et al. (1998) study of Swedish 
battery workers. The evidence for a respiratory sensitization potential associated with less 
soluble forms of nickel (including Ni dihydroxide) is quite low. The same comment applies to 
Section 7.5.4 on page 77. 
 
 
Section 7.5.1. Sensitisation/ Human data/ Skin sensitization, Page 73-75 
 
Because of the differences in prevalence of nickel sensitization in North America and Europe in 
recent years, the country or continent of the data should be provided for each study (e.g., 
Silverberg et al. corresponds to a North American study). It should also be clearly noted if the 
study subjects are from the general or clinical population.   
 


                                                 
11 Notation of irritation effects in the lungs due to all nickel compounds is stated in the WHO (2000) 


document but the primary reference cited (IARC, 2000) does not support this information. 
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In Table 31, it would be helpful to clarify the heading for column 2 to indicate that this substance 
is the “Expected workplace exposure” rather than “Test substance” to avoid confusion between 
the chemical form of the workplace nickel exposure and the test substance used in the patch test.  
 
Also in Table 31, the observations for Linauskienė et al. (2017) should be corrected to state that 
sensitization increased from 16.4% in 2006-2008 to 30.6% in 2014-1015.  A number of studies 
could be added to Table 31 [e.g., Thyssen et al. (2009), Carøe et al. (2011), Schnuch et al. (2011), 
Schnuch and Schwitulla (2013), Vongyer and Green (2015), Smith et al. (2016), Fall et al. (2015)]. 
The prevalence of people allergic to nickel (i.e., nickel-sensitized people with or without current 
NACD symptoms) has decreased significantly in almost every study. A study in Denmark also 
demonstrated a significant decrease in the strength of the patch test reactivity in nickel-allergic 
individuals (Thyssen et al., 2010). 
  
Table 4 below (from Heim and Basketter, In Press) presents an overview of the changes in 
prevalence of nickel allergy in young people of various European countries before and after the 
nickel regulation (Directive 94/27/EC and currently a restriction under REACH Annex XVII, Entry 
27)) came into force. 
 
Whereas patch testing data alone provides information on the prevalence of nickel-sensitized 
people, determination of changes in the incidence of nickel allergic contact dermatitis (NACD) in 
already nickel-allergic individuals requires information in the form of case reports or relevance of 
positive patch tests with current dermatitis reactions, which is not necessarily recorded or easy 
to find.  Smith et al. (2016) noted patch test positive reactions and their relevance to the 
concurrent dermatitis for two different time periods. For 1995-2004, 44 out of 500 tested children 
(8.8%) had positive patch tests for nickel sulfate, but only 3 (0.6% of 500) were relevant to their 
existing dermatitis for which they were seeking treatment.  The 2005-2012 data showed that 24 
of the 500 tested children (4.8%) had positive patch tests for nickel sulfate, with only 7 (1.4% of 
500) being relevant to their existing dermatitis.  While the patch test prevalence to nickel 
significantly decreased, the low numbers of relevant reactions (and lack of presented statistics 
for relevance) do not allow a conclusion to be drawn regarding a decrease in NACD reactions 
among nickel-sensitized people. 
 
Table 4. Prevalence changes of nickel allergy in the EU 


Country Year (Age) 
# of patients tested Positive to nickel (%) 


Reference 
Male Female Total Male Female Total 


Denmark  
(clinical population) 


1999-2001 (0-40)    6.4 29.4*  


Thyssen et al. (2009) 
1985-1990 (5-30)  149   25.1*  
1991-1996 (5-30)  143   22.8  
1997-2001 (5-30)  116   20.2  


Denmark  
(clinical population) 


2002-2007 (5-30)  110   18.3*  
Carøe et al. (2011) 1992-1997 (2-30)  702   29.8*  


1998-2003 (2-30)  520   21.2  
2004-2009 (2-30)  428   19.6*  Schnuch et al. (2011) 
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Country Year (Age) 
# of patients tested Positive to nickel (%) 


Reference 
Male Female Total Male Female Total 


Germany, Austria, 
Switzerland  
(clinical population) 


1994 (1-17) 80 161  7.5 29.2*  
1999 (1-17) 95 185  5.3 19.5  
2004 (1-17) 81 125  8.6 16.0  


Germany, Austria, 
Switzerland  
(clinical population) 


2009 (1-17) 90 133  6.67 14.3*  
Schnuch and Schwitulla 
(2013) 


2005-2006 (1-17)  278   17.3*  
2007-2008 (1-17)  239   15.1  
2009-2010 (1-17)  306   14.0  


United Kingdom  
(clinical population) 


2011-2012 (1-17)  328   11.6*  
Vongyer and Green (2015) 


1999-2002 (3-15)   114   20* 
United Kingdom  
(clinical population) 


2009-2011 (3-15)   137   7.2* 
Smith et al. (2016) 


1995-2004   500   8.8* 


Sweden  
(clinical population) 


2005-2014   500   4.8* 


Fall et al. (2015) 
1992 (<40)    7.3 33.8*  
2000 (<40)    6.4 29.4  
2009 (<40)    6.1 23.3*  


* Denotes a significant (p<0.05) difference over the time periods cited. 
 
 
Section 7.5.1. Sensitisation/ Human data/ Systemic Nickel Allergy Syndrome, Page 75 
 
Although studies have associated the effects stated in the first sentence of this section with 
nickel, not all of these studies are of sufficient quality or reliability to accurately determine that 
these effects are due to nickel exposure. Therefore, the first sentence could note that these 
studies have suggested that nickel is associated with these effects but further evidence is 
needed to confirm the effects. The primary references for these effects should be provided. 
 
 
Section 7.5.4. Sensitisation/ Human data/ Summary, Page 77 
 
In sentence 2 of paragraph 1 it should be noted that it is “water soluble” nickel compounds such 
as nickel chloride, nickel sulfate and nickel dinitrate that may have the potential to induce 
respiratory sensitization.  As stated above in section 7.5.1. for respiratory sensitization, nickel 
carbonate and nickel hydroxide are not as water-soluble and may not have the same potential 
to induce respiratory sensitization. 
 
There is no evidence that nickel exposure to the airways results in skin sensitization or that skin 
exposure results in respiratory sensitisation, so the first sentence of paragraph 2 should clarify 
that the route of exposure is only associated with the type of sensitization. Similarly, sentence 3 
of paragraph 2 should clarify that oral exposure has not been demonstrated to lead to skin 
sensitisation. (Jensen et al., 2006) As it currently reads, “may not readily lead to sensitization,” it 
suggests that it can lead to sensitization in some cases.  
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Section 7.6.2. Genotoxicity /Animal data (in vivo), Page 80-82 
 
The third paragraph on Page 80 mentions the Covance (2003) micronucleus study. Please note 
that this is the same study that was later published as Oller and Erexson (2007). 
 
 
Section 7.7.2, Carcinogenicity/ Animal data, Page 106 
 
In the third full paragraph in this section, the study of Pott et al. (1987) is mentioned as evidence 
of tumorigenicity induced by Ni metal after intratracheal instillation. At the time when the results 
from the inhalation study with Ni metal powder became available, the significance and 
consistency of the negative inhalation results (Oller et al., 2008) and the positive (Pott et al., 
1987) results were analyzed very carefully by an Expert Group12. In the Pott et al. (1987) nickel 
metal study, the powder was not well characterized with respect to particle size or purity. 
Repeated intratracheally administered doses of 0.3 and 0.9 mg Ni were delivered to rats on a 
weekly basis for 10 weeks (cumulative dose of 6 and 9 mg Ni, respectively). No clear dose-
response was observed: 25.6% of the animals presented with either lung adenoma or 
carcinoma in the low–dose group and 25.0% in the high-dose group (0% tumors in saline 
control). Mortality due to respiratory toxicity was not increased which was inconsistent with the 
toxicity observed in inhalation studies with metallic nickel (Hueper, 1958; Oller et al., 2008), and 
suggested very localized dose deposition. Intratracheal instillation is known to produce hotspots 
and can lead to false positive tumor outcomes. The highest mean nickel lung burdens that could 
be achieved (even with increased mortality) in rats exposed to nickel metal by inhalation were 
under ~60 μg/ lung after one or two years of daily 6-hour exposure to the maximum tolerated 
concentration of 0.4 mg Ni/m3 (Oller et al., 2008). By contrast, the localized lung doses in the 
Pott et al. (1987) study after single or multiple intratracheal instillation would have been 5-15-
fold or higher (≥ 300 and 900 μg Ni metal). The Pott intratracheal study found positive tumor 
response at lung doses that could never be achieved in vivo via inhalation. In this context, the 
different tumor outcome in these studies can be explained. This clarification also applies to the 
summary on Page 107, full paragraph 6, and to the first full paragraph on Page 118. 
 
 
Section 7.7.1. Carcinogenicity/ Human data, Page 86-97 
 
In this excellent section of the report, most of the relevant epidemiological studies are 
described. In many instances, the exposure levels associated with these cohorts are provided 
as they are relevant for discerning what levels of nickel in the workplace air are associated with 
excess cancer risks.  Because the reported exposures can vary by about 2-fold depending on 


                                                 
12 The Expert Group [(as indicated in Oller et al. (2008)] consisted of toxicologists from academic, 


regulatory and industrial backgrounds that followed the conduct of the study from the design of the 4-
week toxicity study, to the completion of the carcinogenicity study and interpretation of its results. 
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the most commonly used samplers, it is important to add information (when available) on the 
type of sampler and/or aerosol fraction associated with these exposures. For example, on page 
93, exposures reported by Jarup et al. (1998) are not defined in terms of sampler or aerosol 
fraction while exposures discussed by Oller et al. (2014) are all expressed as “inhalable aerosol 
fractions”.  
 
Page 92. In the third paragraph under sinonasal cancer, increased cancer risks in the Harjavalta 
cohort are addressed. For completeness, it would be worth adding that the 4 cases of nasal 
cancer reported among refinery workers in the latest Pavela et al. (2017) update correspond to 
workers hired prior to 1970 and are the same cases already reported by Anttila et al. (1998). 
 
In tabulating (Table 44, page 187 and Table 45, page 182), as well as describing the 
epidemiological findings for the INCO Canadian cohort, it is unclear why results for the mining 
and non-sinter smelting subcohorts are not reported.  These groups consisted of very large 
numbers (>10,000) of workers with little (if any) evidence of increased respiratory cancer risk 
(Seilkop et al., 2016).  While it is certainly important to focus on the results of the Port Colborne 
electrolysis workers (with no apparent increase in respiratory risk) and contrast those with 
Kristiansand electrolysis workers (with clearly increased risk), the Port Colborne electrolysis 
subcohort of approximately 2000 workers is a small subset of the entire INCO Ontario 
workforce.  
 
 
Section 7.8.2 Reproductive toxicity/ Animal data, Page 109 
 
The fifth paragraph under this section states: 
 


“CONTAM (EFSA, 2015) further stated that nickel crosses the placental barrier, affecting directly 
the developing embryo or fetus. There is consistent evidence of increased pup mortality (stillbirth 
or postimplantation/ perinatal lethality) after exposure of rats to nickel chloride or sulphate in 
several reproductive toxicity studies at doses ≥ 1.3 mg/kg bw/d.” 


 
While correct, this statement would be more complete if it included the following text which 
establishes the NOAEL for this endpoint: 
 


“Based on the increased post-implantation/perinatal lethality in F1 generation in an OECD TG 
416 two-generation study at 2.2 mg Ni /kg bw/day, the unequivocal NOAEL used for 
developmental toxicity for regulatory purposes was set at 1.1 mg Ni/kg b.w. per day by the Danish 
EPA (EU RAR, 2008).” 


 
 
Section 7.9. MOA and AOP considerations, Page 111 
 
The Figure 1 legend has a typo. 
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Section 8.1.4. Cancer risk assessment and exposure limit values/ SCOEL, Page 117  
 
As indicated in the last paragraph of the ECHA proposal, the SCOEL emphasized that 
epidemiological data alone are not considered sufficient to exclude any nickel species such as 
metallic nickel from further considerations, since there are no cohorts that have been exclusively 
exposed to one nickel species. On the first paragraph of page 118, the results from animal 
carcinogenicity studies with nickel metal powder are summarized. As mentioned in NiPERA’s 
above comment related to Page 106, the inconsistent positive (intratracheal) and negative 
(inhalation) results with nickel metal can be reconciled when lung burden information is 
considered.  When discussing the setting of an inhalable OEL based on epidemiological lung 
cancer data the SCOEL further concluded: “Metallic nickel is excluded, since neither animal 
data nor epidemiological data point towards a carcinogenic action of nickel metal.” Perhaps this 
can be added. 
 
 
Section 8.1.6. Cancer risk assessment and exposure limit values/ The German AGS 
approach, Page 121 
 
In the last full paragraph, the Oller et al. (2008) citation should be replaced by Heim et al. (2007) 
which corresponds to the oral carcinogenicity study with nickel sulfate. 
 
 
Section 8.1.6. Cancer risk assessment and exposure limit values/ The German AGS 
approach, Page 123 
 
Table 37 displays the exposure risk relationships for less soluble Ni compounds. Please clarify 
that the values are “excess cancer risk” and not “risk of lung cancer” which would be in the 5-6% 
range. There is also a typo on the way that values are reported (e.g., 4: 10 000). 
 
It is worth noting that the excess risks (based on Ni subsulfide and applied to all nickel 
compounds) associated with exposure to respirable 0.8-13 µg Ni/m3 displayed in Table 38, 
represent a worst-case scenario for all “less soluble nickel compounds” since Ni subsulfide had 
7-fold higher potency to induce tumors in rats than Ni oxide and also for “soluble nickel 
compounds”, as no increased lung tumors were observed in animal studies at the highest 
tolerated exposure levels.  
 
 
Section 8.2.1. Occupational Exposure limits (OELs)/ Inhalable fraction, Page 128 
 
On the second paragraph of page 128, the ECHA proposal doc states that: 
 


“EFSA CONTAM panel derived a TDI of 2.8 μg Ni/kg bw/d for general population 
(lifelong exposure 7days/week). If this is converted as occupational inhalation exposure 
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occurring 5 days per week, it corresponds an air level of 27 μg Ni/m3 (0.027 mg Ni/m3) 
as 8 h TWA. Therefore, it is assumed that the proposed OELs are likely to protect also 
from reproductive effects.”   


 
It would be very helpful to provide further details about these calculations such as assumptions 
on particle size distribution of aerosol and/or deposition in respiratory tract, as well as 
assumptions about absorption through ingestion or lung dissolution. It is important to note that if 
the Haber et al. (2017) TDI value of 20 µg Ni/kg bw/d (see discussion on page 109 of ECHA 
doc) had been considered as the starting point to calculate the corresponding air exposure, the 
air levels associated with this value could presumably have been ~7-fold higher (e.g., ~0.19 mg 
Ni/m3).  Therefore, both respirable OELs ≤ 0.01 mg Ni/m3 or inhalable OELs ≤ 0.05 mg Ni/m3 
will be protective of possible reproductive effects observed in animal studies with the most 
bioavailable of the nickel compounds; in addition, inhalable exposures ≤ 0.05 mg Ni/m3 are 
consistent with lack of effects in a human study at inhalable soluble nickel exposures > 0.16 mg 
Ni/m3.  
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NICKEL INSTITUTE COMMENTS ON THE PROPOSAL BY THE EUROPEAN CHEMICAL AGENCY (ECHA) IN SUPPORT OF OCCUPATIONAL EXPOSURE LIMIT VALUES FOR NICKEL AND ITS COMPOUNDS IN THE WORKPLACE


1. Executive summary 


[bookmark: _Hlk497388603]The Nickel Institute appreciates the opportunity to provide comments on the October 2017 proposal by ECHA on occupational exposure limit values (OELVs) for nickel and its compounds in the workplace. Our comments are focussed on the technical and analytical feasibility for showing compliance with the proposed OELVs and address Chapter 6, ‘Monitoring exposure’.


· Chapter 6 of the ECHA proposal does not yet include the rules for demonstrating compliance of the measured values against the OELVs (e.g. EN 689). We suggest that such rules be included and considered in the process.  In our comments, (see below section 3) we describe the compliance rules that are commonly used in Europe. Survey results show that the compliance rules for OELVs are not harmonized in European countries. An exposure profile must first be derived from exposure measurements to allow sound statistical analysis. Only then can accurate comparisons be made of exposures against the OELV, with measured exposures having to be much lower than OELV to demonstrate compliance. This issue will have an additional impact on workplace operations. We believe that it is of utmost importance that this is taken into consideration in RAC’s work on recommending appropriate OELVs.


Adding a section on basic compliance approaches with OELVs to the document would be an important added value to any technical feasibility discussion. It would also allow for an assessment of whether compliance with the considered values can be demonstrated in practice; workplace exposures have to be lower than OELVs by a factor of 10 to pass all phases of compliance testing (compliance factor)[footnoteRef:1].  [1:  The compliance factor and the analytical requirement factor are related to each other and are not additive.] 






· Methods for nickel and nickel compounds in air: It is important to make a distinction between the instrumental LOD (Limit of detection) and the Limit of Quantification (LOQ) and the method’s LOD and LOQ. Table 17 in ECHA’s document (section 6.1) provides the instrumental values. We suggest adding the methods’ values as those are more appropriate for calculating the analytical range of a methodology. Section 4 of our comments (see below) gives an overview of the existing methodologies for Ni measurement in workplace air.


To fulfil methods’ minimal requirements (cf. EN 482) a factor of 10 lower than OELV is defined as the lowest concentration a method shall be capable of measuring (analytical requirement factor)1.  


A review of the available methods for measuring Ni in the workplace showed that no method is available to measure as low as 10% of the proposed respirable OELV and only 56% of the methods are capable of measuring 10% of the proposed inhalable OELV. 





With the current sampling flow rates and analytical techniques, compliance with a respirable OELV no lower than 0.01 – 0.02 mg Ni/m³ could be demonstrated by 50 - 64 % of methods respectively.  If higher flow rate samplers (e.g. GK 2.69 at 4.5 l/min and FSP 10 at 10 l/min) were widely available in European laboratories this would increase the measurability of the proposed respirable OELV from 0% to 50 – 79% respectively.


For the proposed inhalable OELVs, a value in the range of 0.03 – 0.05 mg Ni/m³ increases the measurability to 86%. 





· Although the current proposed inhalable OELV only applies to Ni compounds, current methodologies for determination of Ni in workplace air only take the soluble and insoluble Ni compounds into account. Complete speciation methodologies to extract Ni metal from the insoluble fraction are not available to assess workplace air samples. When this OELV is applied in workplaces that also have metallic Ni exposure, exposure to Ni compounds may be overestimated. This in effect creates an additional layer of protection to the inhalable OEL.  





Overall it can be concluded that workplace exposures need to be a factor of 10 lower than any proposed OELVs to fulfill the analytical requirements which are directly related to compliance approaches. This factor considers the exposure variability of the workers’ personal exposure within a SEG, the uncertainty of workplace air measurement methods and sample speciation.





2. Introduction 


The Nickel Institute is pleased to submit comments on the October 2017 proposal by ECHA in support of occupational exposure limit values (OELVs) for nickel and its compounds in the workplace. Our comments, focused on technical feasibility (compliance approaches and the feasibility of workplace air methodologies for metals and metalloids), complement those independently submitted by NiPERA on toxicological issues.


The ECHA proposed OELVs are:


•	Inhalable aerosol fraction OELV of 0.02 mg Ni/m3 for nickel compounds


•	Respirable aerosol fraction OELV of 0.005 mg Ni/m3 for nickel metal and nickel compounds


Occupational exposure limits should be based first on the risk to health, not necessarily on the analytical capability of the method. However, practically, the sampling and analytical sensitivity and accuracy at the proposed OELVs need to be considered. 


Technical feasibility challenges could arise from compliance approaches (e.g., EN 689[footnoteRef:2]) and exposure measurement methodology (e.g., type of aerosol size selective sampler, pump volume, sampling time needed, personal vs. static sampling, methods limits of quantification [LOQs], etc). [2:  EN 689 Workplace exposure — Measurement of exposure by inhalation to chemical agents — Strategy for testing compliance with occupational exposure limit values.] 



Our main comments focus on:


· Compliance approaches and the impact of the rules on showing compliance with the proposed OELVs (section 3)


· Methodologies for workplace air exposure measurements for metals and metalloids (section 4)


· Speciation of nickel exposures and the ability to separate nickel metal from compounds to comply with the proposed inhalable OELV (section 5)


More general comments are added in section 6 and section 7 provides additional references to those cited in ECHA’s October 2017 proposal.


3. Compliance approaches


An occupational exposure limit value (OELV) is the limit of the time-weighted average of the concentration of a chemical agent in the air within the breathing zone of a worker in relation to a specified reference period[footnoteRef:3]. The reference period in the ECHA proposal is defined as long term, which means an 8 hours average.  [3:  EN 1540 - Workplace exposure - Terminology.] 






The European standard EN 689 describes how to perform representative measurements of exposure by inhalation and how to demonstrate compliance with the OELV (8h). 





The strategy consists of two stages: an initial workplace assessment and periodic reassessments. To show compliance of the measured exposure with the OELV (8h) the most important phases in the initial assessment are (1) the constitution of similar exposure groups (SEGs), (2) the selection of a suitable measurement procedure, (3) the validation of exposure measurement results and SEGs and (4) the comparison of the result with OELVs. Within a SEG a minimum number of measurements are needed (3 to 5 in the preliminary phase) and the conclusion of compliance is dependent on the number of measurements within a SEG. 





In the initial assessment compliance is showed if all measured results are below 0.1 times OELV for a set of three measurements, below 0.15 times OELV for a set of four measurements and below 0.2 times OELV for a set of five measurements. If one of the measurement results in the preliminary phase is higher than the OELV, compliance cannot be demonstrated. When more than 5 measurements per SEG are available and all results but one is below the OELV, no decision can be taken and additional measurements are needed to prove compliance. When more than 5 measurements are available a statistical test shall be used to check compliance, under the assumption that the exposure measurements are log-normally distributed. The test shall measure, with at least 70% confidence, whether less than 5% of the measurements in the SEG exceed the OELV[footnoteRef:4].  [4:  This test is based on the comparison of the upper confidence limit of 70% (UCL) of the 95th percentile of the law of distribution of the results of exposure measurements with the OELV. UCL is calculated using geometric mean (GM) and standard deviation (GSD).] 






The EN 689 compliance requirements indicate that one on one comparisons of measurement results to OELVs are not possible and even when all measurements are below the OELV it is not certain that compliance will be demonstrated. 





If the OELV is not complied with, further control measures should be applied. If the OEL is complied with, a periodic monitoring scheme should be initiated, with frequency depending on the test results.


At present, there is no consistency in OELV compliance approaches at national level. The EN 689 is not embedded in the legislation of every EU country or in a guidance on how to comply with an OELV (see Table 1). In article 5, the Directive 98/24/EC[footnoteRef:5] refers to the practical guidelines of a non-binding nature on the protection of the health and safety of workers from the risks related to chemical agents at work.  [5:  Directive 98/24/EC of 7 April 1998 on the protection of the health and safety of workers from the risks related to chemical agents at work – Official Journal of the European Communities N° L131/11 – 5.05.1998.] 



In this guidance, EN 689 is mentioned as a method for assessing the risk due to the presence of hazardous chemical agents (HCAs) in the workplace. As this guidance is non-binding, other methods can be used.





For Ni compounds in the workplace, Directive 2004/37/EC[footnoteRef:6] must be applied. Several general minimum requirements are foreseen in this Directive. Reduction and replacement are the first steps in the risk assessment. When all these measures are technically impossible, a minimization obligation stating that the worker’s exposure must be reduced to as low a level as is technically possible and an obligation that the exposure shall not exceed the limit value are foreseen.  [6:  Directive 2004/37/EC of 29 April 2004 on the protection of workers from the risks related to exposure to carcinogens or mutagens at work.] 






As the framework Directive 89/391/EEC on health and safety at work and Directive 98/24/EC apply without prejudice to more stringent and/or specific provisions contained in Directive 2004/37/EC the following can be stated:  When an OELV is applicable and the risk assessment results indicate that measurements are needed to assess exposure of the workers, the non-binding practical guidelines like EN 689 can be followed.





In consequence, even if EU-wide harmonized OELVs were achieved, companies located in different EU Member States may experience different challenges for showing compliance with these values. 





A questionnaire was sent out to by the Nickel Institute to the National Standardization Bodies of 34 European countries, members of CEN, and to the competent Authorities of those countries to gather information on the compliance rules for OELVs and how EN 689 is applied. 18 countries responded and the results are showed in table 1. It can be concluded that in only 2 countries EN 689 is mandatory as per legislation; in all other countries, the use of this compliance standard is not mandatory. However, answers from 8 countries show that EN 689 is mentioned in a national guidance or the use is encouraged by labor inspectorates. In 1 country specific compliance requirements, like EN 689, are written in legislation and 7 countries have very general compliance rules.





Table 1. Compliance requirements in Europe


			Country


			EN 689 mandatory in legislation?


			If No what are the compliance requirements





			Austria


			NO


			EN 689 is treated as a guideline for good measurement practice





			Belgium


			YES


			/





			Bosnia and Herzegovina


			NO


			No guidance for the use of this standard





			Croatia


			NO


			No guidance for the use of this standard





			Denmark


			NO


			No guidance for the use of this standard





			Finland


			NO


			EN 689 is mentioned as a tool to assure the requirements of the law are being followed





			France


			NO


			The methodology used in France for regulatory control is based on the principle of EN 689 (Constitution on SEG, Sampling plan, Statistical treatment...)





			Germany


			NO


			TRGS 402 refers to the 689:1995





			Greece


			NO


			EN 689 is used as a guidance for risk assessment purposes





			Italy


			YES


			/





			Latvia


			NO


			No specific compliance requirements





			Lithuania


			NO


			No specific compliance requirements





			Norway


			NO


			A guidance document is available -publication 450 -  which is based on EN 689:1995
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			Country


			EN 689 mandatory in legislation?


			If No what are the compliance requirements





			Spain


			NO


			EN 689 is the preferred tool for compliance testing of measured exposure values





			Sweden


			NO


			A guidance document is available - Föreskrifterna om hygieniska gränsvärden  AFS 2015:7 -  which is based on EN 689:1995





			Switzerland


			NO


			No specific compliance requirements





			The Netherlands


			NO


			EN 689 is the preferred tool for compliance testing of measured exposure values





			UK


			NO


			ACoP para 126 and 128 and COSHH Essentials General Guidance G409. There is no reference to EN 689.








4. Workplace air methodologies for metals and metalloids


The selection of a suitable measurement procedure depends on the requirements as stated in EN 482[footnoteRef:7]. In this standard, it is stated that every procedure should operate within the range of 0.1 – 2 times OELV. In the specific standards or methodologies for the measurement of Nickel there is the requirement to calculate the sampling time depending on the flow rate of the dust collection device and the method’s limit of quantification using the following formula: [7:  EN 482 Workplace atmospheres — General requirements for the performance of procedures for the measurement of chemical agents.] 






tmin = 





where:


tmin	is the minimum sampling time in minutes;


mmin	is the lower limit of the analytical range, in micrograms;


qV	is the design flow rate of the sampler, in liters per minute;


F	is an appropriate multiple of the limit value (0.1 times OELV for an 8 h time-weighted average limit value, according to EN 482 as a minimum requirement);


ρLV	is the limit value, in milligrams per cubic meter





An instrumental detection limit is of use in identifying changes in instrument performance, but it is not a method detection limit[footnoteRef:8].  An instrumental LOD and LOQ is likely to be lower than a method’s LOD and LOQ because it only considers the variability between individual instrumental readings. The method’s LOQ is considering sampling effects, matrix effects from the sample, laboratory equipment and chemicals used.  Table 2 provides an overview of the applicable methodologies for Ni determination in workplace air. [8:  POUSSEL E., MERMET J.M. and SAMUEL O. Simple experiments for the control, the evaluation and the diagnosis of inductively coupled plasma sequential systems, Spectrochim. Acta 48B (1993) p. 743.] 









Table 2. Methodologies for Ni determination in workplace air.


			Method


			Update


			Country 


			Speciation


			Technique


			Method


LOD (µg on collection substrate)


			Method


LOQ  (µg on collection substrate) 


			Tmin for OELV of 5 µg/m³  (min)*


			Tmin for OELV of 20 µg/m³ 


(min)**





			EN 13890


			Nov-09


			EU


			None - general requirements and test methods





			MDHS 91-2


			Feb-15


			UK


			Ni total, Ni sol


			XRFa


			0.05


			0.2


			/


			/





			ISO 15202 -1                                                  ISO 15202-2                                                             ISO 15202-3


			2012                                                    2012                                                      2004


			WORLD


			Ni total, Ni sol


			ICP-AESb; FAASe; ICP-MSc


			0.5


			1.7


			1545


			425





			ISO 30011


			Jul-05


			WORLD


			Ni total, Ni sol


			ICP-MSc


			0.0034


			0.12


			/


			/





			ASTM D7035‐16


			Jul-05


			US


			Ni total, Ni sol


			ICP-AESb


			0.3


			1


			909


			250





			MDHS 42-2


			Mar-96


			UK


			Ni total, Ni sol


			ETAASd


			0.0432


			0.1296


			/


			/





			


			


			


			


			FAASe


			0.72


			2.16


			1964


			540





			MétroPol Fiche 003 Métaux – Métalloïdes


			Nov-15


			FRANCE


			Ni total, Ni sol


			ICP-AESb


			0.72


			2.16


			1964


			540





			BGI 505-10-2


			Jan-09


			GERMANY


			Ni total


			GFAASf


			0.22


			0.66


			600


			165





			BIA 8095


			Feb-14


			GERMANY


			Ni total


			GFAASf


			0.22


			0.66


			600


			165





			NIOSH 7302


			Jul-14


			US


			Ni total


			ICP-AESb


			0.2


			0.6


			545


			150





			NIOSH 7304


			May-14


			US


			Ni total


			ICP-AESb


			0.3


			0.9


			818


			225





			NIOSH 7306


			Sep-15


			US


			Ni total


			ICP-AESb


			0.56


			1.68


			1527


			420





			NIOSH 7300


			Mar-03


			US


			Ni total


			ICP-AESb


			0.02


			0.06


			/


			/





			NIOSH 7301


			Mar-03


			US


			Ni total


			ICP-AESb


			0.02


			0.06


			/


			/





			NIOSH 7303


			Mar-03


			US


			Ni Total


			ICP-AESb


			0.327


			0.98


			891


			245





			OSHA ID-121


			Feb-02


			US


			Ni total, Ni sol


			FAASe


			2.5


			7.5


			6818


			1875





			OSHA ID-125G


			Sep-02


			US


			Ni total


			ICP-AESb


			0.92


			2.76


			2509


			690





			NF X43-275


			Jun-02


			FRANCE


			Ni total


			FAASe


			2.5


			7.5


			6818


			1875





			MTA/MA-025/A92


			Dec-16


			SPAIN


			Ni total, Ni sol


			FAASe


			0.2


			0.7


			636


			175











Values marked in yellow are instrumental LOD and LOQ values, calculation of Tmin  is not appropriate


* in the respirable fraction -minimum sampling time (using the most common flow rate of 2,2 l/min for respirable cyclones)


** in the inhalable fraction -minimum sampling time (using the most common flow rate of 2 l/min for inhalable samplers)


*** All values in red have minimum sampling times higher than the reference period (480 min)


a XRF - X-ray fluorescence spectroscopy


b ICP-AES - Inductively coupled plasma atomic emission spectroscopy


c ICP-MS - Inductively coupled plasma mass spectrometry


d ETAAS - Electrothermal atomic absorption spectrometry


e FAAS - Flame atomic absorption spectroscopy


f GFAAS - Graphite furnace atomic absorption spectroscopy


g ICP-SFMS -  Inductively coupled plasma sector field mass spectrometry





The LOD and LOQ values are mainly reported in the methodologies as “typical values”, this means that they are very specific for the method. Those values should normally be the minimal requirements when validating methodologies where the above standard or method is added as a reference in the laboratory method.





Table 2 shows that no methodology can measure an OELV of 5 µg/m³ in the respirable fraction and for the inhalable fraction 56% of the methodologies are not capable of determining the OELV of 20 µg Ni/m3. 





Table 3 provides an overview of the applicable instruments for Ni determination, the instruments’ LODs and the relative systems’ costs[footnoteRef:9],[footnoteRef:10].        [9:  An elementary overview of elemental analysis, Thermo Elemental, 2001.]  [10:  Rousseau RM, Detection limit and estimate of uncertainty of analytical XRF results, The Rigaku Journal Vol 18, N°2, 2001.] 



Table 3. Typical analytical techniques used for nickel determination in workplace air sampling.


			Technique


			Instrument LOQ Ni 


			Relative System cost 





			FAAS


			10 ppb


			1





			GFAAS


			0.24 ppb


			2





			ICP-AES (radial)


			6 ppb


			4-5





			ICP-AES (axial)


			0.4 ppb


			5-7





			ICP-MS


			0.1 – 10 ppt


			10-20





			XRF8


			5.1 ppm


			5-7











From Table 3 it can be concluded that the techniques capable of measuring the OELVs within the required range are also more expensive and in some countries less available.





When greater sampling volumes are taken while still complying with the international inhalable and respirable sampling curves, and sampling personnel and analytical chemists use ultra-clean equipment, or when disposable samplers become available, it can be feasible to measure Ni in workplaces at lower concentrations. 





Those methodologies are not commonly available in Europe, only specific methods such as the German method uses a high-volume area sampler (FSP10 at 10l/min); a disadvantage of this method is that measurements are not always done at a personal level (so not in accordance with the requirements of EN 482 and EN 689), because of the weight of the sampler and pump.  





In addition, the total uncertainty in sampling and analysis as per EN 482 should be considered when introducing new methodologies.





We encourage ECHA to reflect the above-mentioned considerations in their document and to take them into account when considering the selection of a final OELV, based on the range of possible OEL values that are shown to be health protective based on toxicological and epidemiological data.


5. Ni speciation in workplace air samples


Workplace exposures in the nickel producing and using industries are seldom pure (e.g., single Ni substance). Rather, workplace samples contain mixtures of two or more of the four main groups of nickel substances: water soluble Ni compounds, sulfidic Ni compounds, oxidic Ni compounds and metallic Ni (elemental Ni and Ni-containing alloys).  These samples contain not just mixtures of particles of each type of compound but also have different compounds (phases) within the same particles (e.g., Hoflich et al., 2000; Weinbruch et al., 2002).  ECHA is recommending the setting of two OELs: one defined as “inhalable aerosol” that applies to all Ni compounds (but not Ni metal) and another one defined as “respirable fraction” that applies to Ni compounds and Ni metal.  Compliance with the respirable Ni OEL would require the collection of samples with personal respirable samplers and the analytical determination of total Ni.  No discrimination between soluble or insoluble Ni compounds or between Ni compounds and Ni metal would be needed. 


 


By contrast, to comply with the inhalable OEL for Ni compounds, an additional analysis of the inhalable samples would be needed to differentiate between metallic Ni and Ni compounds.  There are no standardized or readily available methods to conduct this analysis.  A sequential leaching method developed in 1990s for sulfidic samples permits the allocation of total Ni to the four main groups of Ni substances. The first leaching step assesses the fraction of soluble Ni compounds in the sample, while the second step leaches out the sulfidic Ni compounds. The third leaching step yields the fraction of metallic Ni, with the reminder of the sample being assigned to the oxidic Ni compounds (Zatka et al., 1992).  Several modifications to the Zatka leaching solutions and conditions have been proposed to improve the accuracy of the assignments (e.g. Fuchtjohann et al 2001; Conard et al., 2008, Oller et al., 2009). 





The original and modified versions of the Zatka method have been applied to a variety of workplace and air samples with variable results.  In general, it has been found that the first step of the Zatka method (acid solution of ammonium citrate) can leach not only the water-soluble Ni compounds but some water insoluble compounds as well (e.g., carbonates) and thus it always indicates the presence of some water soluble compounds even when none are detected using physical methods. The second leaching step can in some cases underestimate the fraction of sulfidic Ni, while leading to an overestimate of the metallic nickel (Conard et al., 2008). In other cases (e.g., alloys), the assessment of the metallic nickel fraction can be underestimated. The release of Ni from Ni metal happens through the process of oxidation rather than through simple dissolution.  The particle size and the presence in individual particles of Ni metal mixed with other Ni compounds makes the quantification of nickel metal in workplace samples very difficult. The presence of additional metals (e.g., copper) in the samples can also influence the release of Ni from metallic Ni (Conard et al., 2008). Furthermore, even pure particles of Ni metal can have a surface oxide layer, whose characteristics can influence the kinetics of Ni release (Mazinanian et al., 2013).


The four step sequential leaching protocols have been applied as part of research projects and are not commonly available at commercial laboratories. This kind of approach has been modified to include a single leaching step and differentiate between soluble compounds and insoluble Ni substances (including metallic Ni) (Andersen and Berge, 1998, Thomassen et al., 2004). These simplified protocols would not be suitable to discriminate between Ni compounds and metallic Ni.





There are several physical methods that can be applied to identify the chemical forms of Ni present in workplace samples and within individual particles (e.g. XRD[footnoteRef:11], XANES[footnoteRef:12], EDX[footnoteRef:13], SEM[footnoteRef:14], Handbook on the toxicology of Metals, 2014). These methods can certainly identify the presence of metallic nickel and various Ni compounds. However, these methods are not commonly available in analytical labs, can be quite time consuming, and cannot usually yield the quantitative results needed to assign the workplace total inhalable Ni exposure to Ni compounds or metallic Ni. [11:  X-ray powder diffraction]  [12:  X-ray absorption near edge structure]  [13:  Energy-dispersive X-ray spectroscopy]  [14:  Scanning Electron Microscopy] 



One additional aspect of having to discriminate between metallic Ni and Ni compounds is the need for larger samples; the mass collected on a filter must be sufficient not only for total Ni analysis but also to support any additional tests needed to quantify Ni compounds (in presence of Ni metal), the amount of dust collected by the commonly used sampling methodologies is not sufficient to perform several different analysis techniques. 





Therefore, compliance with the ECHA proposed inhalable OEL of 0.02 mg Ni/m3 for Ni compounds alone (assessing and subtracting metallic Ni) would be unfeasible at the present time, with current sampling practices and analytical speciation methods, for the majority of the nickel workplace samples. Thus, it should be recognized that when the inhalable OEL is applied in workplaces that also have metallic Ni exposure, exposure to Ni compounds will be overestimated.


6. Editorial comments


Section 6.1. External exposure


In the first sentence, a particle sampler is mentioned. “Particle sampler” is not commonly used. We suggest changing to “particle size-selective sampler”.





We suggest adding a reference after the first sentence to the definitions of the respirable and inhalable fraction. This could for example read as follows:


EN 481 - Workplace atmospheres. Size fraction definitions for measurement of airborne particles or ISO 7708 - Air quality -- Particle size fraction definitions for health-related sampling
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7 November 2017 
 



NICKEL INSTITUTE COMMENTS ON THE PROPOSAL BY THE EUROPEAN CHEMICAL 



AGENCY (ECHA) IN SUPPORT OF OCCUPATIONAL EXPOSURE LIMIT VALUES FOR NICKEL 



AND ITS COMPOUNDS IN THE WORKPLACE 



1. Executive summary  



The Nickel Institute appreciates the opportunity to provide comments on the October 2017 proposal 
by ECHA on occupational exposure limit values (OELVs) for nickel and its compounds in the workplace. 
Our comments are focussed on the technical and analytical feasibility for showing compliance with the 
proposed OELVs and address Chapter 6, ‘Monitoring exposure’. 



✓ Chapter 6 of the ECHA proposal does not yet include the rules for demonstrating compliance 
of the measured values against the OELVs (e.g. EN 689). We suggest that such rules be included 
and considered in the process.  In our comments, (see below section 3) we describe the 
compliance rules that are commonly used in Europe. Survey results show that the compliance 
rules for OELVs are not harmonized in European countries. An exposure profile must first be 
derived from exposure measurements to allow sound statistical analysis. Only then can 
accurate comparisons be made of exposures against the OELV, with measured exposures 
having to be much lower than OELV to demonstrate compliance. This issue will have an 
additional impact on workplace operations. We believe that it is of utmost importance that 
this is taken into consideration in RAC’s work on recommending appropriate OELVs. 
Adding a section on basic compliance approaches with OELVs to the document would be an 
important added value to any technical feasibility discussion. It would also allow for an 
assessment of whether compliance with the considered values can be demonstrated in 
practice; workplace exposures have to be lower than OELVs by a factor of 10 to pass all 
phases of compliance testing (compliance factor)1.  
 



✓ Methods for nickel and nickel compounds in air: It is important to make a distinction between 
the instrumental LOD (Limit of detection) and the Limit of Quantification (LOQ) and the 
method’s LOD and LOQ. Table 17 in ECHA’s document (section 6.1) provides the instrumental 
values. We suggest adding the methods’ values as those are more appropriate for calculating 
the analytical range of a methodology. Section 4 of our comments (see below) gives an 
overview of the existing methodologies for Ni measurement in workplace air. 
To fulfil methods’ minimal requirements (cf. EN 482) a factor of 10 lower than OELV is 
defined as the lowest concentration a method shall be capable of measuring (analytical 
requirement factor)1.   
A review of the available methods for measuring Ni in the workplace showed that no method 
is available to measure as low as 10% of the proposed respirable OELV and only 56% of the 
methods are capable of measuring 10% of the proposed inhalable OELV.  
 
With the current sampling flow rates and analytical techniques, compliance with a respirable 
OELV no lower than 0.01 – 0.02 mg Ni/m³ could be demonstrated by 50 - 64 % of methods 



                                                      



1 The compliance factor and the analytical requirement factor are related to each other and are not additive. 
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respectively.  If higher flow rate samplers (e.g. GK 2.69 at 4.5 l/min and FSP 10 at 10 l/min) 
were widely available in European laboratories this would increase the measurability of the 
proposed respirable OELV from 0% to 50 – 79% respectively. 
For the proposed inhalable OELVs, a value in the range of 0.03 – 0.05 mg Ni/m³ increases the 
measurability to 86%.  
 



✓ Although the current proposed inhalable OELV only applies to Ni compounds, current 
methodologies for determination of Ni in workplace air only take the soluble and insoluble Ni 
compounds into account. Complete speciation methodologies to extract Ni metal from the 
insoluble fraction are not available to assess workplace air samples. When this OELV is applied 
in workplaces that also have metallic Ni exposure, exposure to Ni compounds may be 
overestimated. This in effect creates an additional layer of protection to the inhalable OEL.   



 
Overall it can be concluded that workplace exposures need to be a factor of 10 lower than any 
proposed OELVs to fulfill the analytical requirements which are directly related to compliance 
approaches. This factor considers the exposure variability of the workers’ personal exposure within 
a SEG, the uncertainty of workplace air measurement methods and sample speciation. 
 



2. Introduction  



The Nickel Institute is pleased to submit comments on the October 2017 proposal by ECHA in 
support of occupational exposure limit values (OELVs) for nickel and its compounds in the workplace. 
Our comments, focused on technical feasibility (compliance approaches and the feasibility of 
workplace air methodologies for metals and metalloids), complement those independently 
submitted by NiPERA on toxicological issues. 



The ECHA proposed OELVs are: 



• Inhalable aerosol fraction OELV of 0.02 mg Ni/m3 for nickel compounds 



• Respirable aerosol fraction OELV of 0.005 mg Ni/m3 for nickel metal and nickel compounds 



Occupational exposure limits should be based first on the risk to health, not necessarily on the 
analytical capability of the method. However, practically, the sampling and analytical sensitivity and 
accuracy at the proposed OELVs need to be considered.  



Technical feasibility challenges could arise from compliance approaches (e.g., EN 6892) and exposure 
measurement methodology (e.g., type of aerosol size selective sampler, pump volume, sampling 
time needed, personal vs. static sampling, methods limits of quantification [LOQs], etc). 



Our main comments focus on: 



✓ Compliance approaches and the impact of the rules on showing compliance with the 
proposed OELVs (section 3) 



✓ Methodologies for workplace air exposure measurements for metals and metalloids 
(section 4) 



✓ Speciation of nickel exposures and the ability to separate nickel metal from compounds to 
comply with the proposed inhalable OELV (section 5) 



More general comments are added in section 6 and section 7 provides additional references to those 
cited in ECHA’s October 2017 proposal. 



                                                      



2 EN 689 Workplace exposure — Measurement of exposure by inhalation to chemical agents — Strategy for testing 
compliance with occupational exposure limit values. 
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3. Compliance approaches 



An occupational exposure limit value (OELV) is the limit of the time-weighted average of the 
concentration of a chemical agent in the air within the breathing zone of a worker in relation to a 
specified reference period3. The reference period in the ECHA proposal is defined as long term, which 
means an 8 hours average.  
 
The European standard EN 689 describes how to perform representative measurements of exposure 
by inhalation and how to demonstrate compliance with the OELV (8h).  
 
The strategy consists of two stages: an initial workplace assessment and periodic reassessments. To 
show compliance of the measured exposure with the OELV (8h) the most important phases in the 
initial assessment are (1) the constitution of similar exposure groups (SEGs), (2) the selection of a 
suitable measurement procedure, (3) the validation of exposure measurement results and SEGs and 
(4) the comparison of the result with OELVs. Within a SEG a minimum number of measurements are 
needed (3 to 5 in the preliminary phase) and the conclusion of compliance is dependent on the number 
of measurements within a SEG.  
 
In the initial assessment compliance is showed if all measured results are below 0.1 times OELV for a 
set of three measurements, below 0.15 times OELV for a set of four measurements and below 0.2 
times OELV for a set of five measurements. If one of the measurement results in the preliminary phase 
is higher than the OELV, compliance cannot be demonstrated. When more than 5 measurements per 
SEG are available and all results but one is below the OELV, no decision can be taken and additional 
measurements are needed to prove compliance. When more than 5 measurements are available a 
statistical test shall be used to check compliance, under the assumption that the exposure 
measurements are log-normally distributed. The test shall measure, with at least 70% confidence, 
whether less than 5% of the measurements in the SEG exceed the OELV4.  
 
The EN 689 compliance requirements indicate that one on one comparisons of measurement results 
to OELVs are not possible and even when all measurements are below the OELV it is not certain that 
compliance will be demonstrated.  
 
If the OELV is not complied with, further control measures should be applied. If the OEL is complied 
with, a periodic monitoring scheme should be initiated, with frequency depending on the test results. 
At present, there is no consistency in OELV compliance approaches at national level. The EN 689 is not 
embedded in the legislation of every EU country or in a guidance on how to comply with an OELV (see 
Table 1). In article 5, the Directive 98/24/EC5 refers to the practical guidelines of a non-binding nature 
on the protection of the health and safety of workers from the risks related to chemical agents at work.  
In this guidance, EN 689 is mentioned as a method for assessing the risk due to the presence of 
hazardous chemical agents (HCAs) in the workplace. As this guidance is non-binding, other methods 
can be used. 
 



                                                      



3 EN 1540 - Workplace exposure - Terminology. 
4 This test is based on the comparison of the upper confidence limit of 70% (UCL) of the 95th percentile of the law of 



distribution of the results of exposure measurements with the OELV. UCL is calculated using geometric mean (GM) and 
standard deviation (GSD). 
5 Directive 98/24/EC of 7 April 1998 on the protection of the health and safety of workers from the risks related to chemical 
agents at work – Official Journal of the European Communities N° L131/11 – 5.05.1998. 
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For Ni compounds in the workplace, Directive 2004/37/EC6 must be applied. Several general minimum 
requirements are foreseen in this Directive. Reduction and replacement are the first steps in the risk 
assessment. When all these measures are technically impossible, a minimization obligation stating that 
the worker’s exposure must be reduced to as low a level as is technically possible and an obligation 
that the exposure shall not exceed the limit value are foreseen.  
 
As the framework Directive 89/391/EEC on health and safety at work and Directive 98/24/EC apply 
without prejudice to more stringent and/or specific provisions contained in Directive 2004/37/EC the 
following can be stated:  When an OELV is applicable and the risk assessment results indicate that 
measurements are needed to assess exposure of the workers, the non-binding practical guidelines like 
EN 689 can be followed. 
 
In consequence, even if EU-wide harmonized OELVs were achieved, companies located in different EU 
Member States may experience different challenges for showing compliance with these values.  
 
A questionnaire was sent out to by the Nickel Institute to the National Standardization Bodies of 34 
European countries, members of CEN, and to the competent Authorities of those countries to gather 
information on the compliance rules for OELVs and how EN 689 is applied. 18 countries responded and 
the results are showed in table 1. It can be concluded that in only 2 countries EN 689 is mandatory as 
per legislation; in all other countries, the use of this compliance standard is not mandatory. However, 
answers from 8 countries show that EN 689 is mentioned in a national guidance or the use is 
encouraged by labor inspectorates. In 1 country specific compliance requirements, like EN 689, are 
written in legislation and 7 countries have very general compliance rules. 
 



Table 1. Compliance requirements in Europe 



Country 
EN 689 mandatory in 



legislation? 
If No what are the compliance requirements 



Austria NO EN 689 is treated as a guideline for good measurement practice 



Belgium YES / 



Bosnia and 
Herzegovina 



NO No guidance for the use of this standard 



Croatia NO No guidance for the use of this standard 



Denmark NO No guidance for the use of this standard 



Finland NO 
EN 689 is mentioned as a tool to assure the requirements of the law 



are being followed 



France NO 
The methodology used in France for regulatory control is based on 



the principle of EN 689 (Constitution on SEG, Sampling plan, 
Statistical treatment...) 



Germany NO TRGS 402 refers to the 689:1995 



Greece NO EN 689 is used as a guidance for risk assessment purposes 



Italy YES / 



Latvia NO No specific compliance requirements 



Lithuania NO No specific compliance requirements 



Norway NO 
A guidance document is available -publication 450 -  which is based 



on EN 689:1995 



                                                      



6 Directive 2004/37/EC of 29 April 2004 on the protection of workers from the risks related to exposure to carcinogens or 
mutagens at work. 
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Country 
EN 689 mandatory in 



legislation? 
If No what are the compliance requirements 



Spain NO 
EN 689 is the preferred tool for compliance testing of measured 



exposure values 



Sweden NO 
A guidance document is available - Föreskrifterna om hygieniska 



gränsvärden  AFS 2015:7 -  which is based on EN 689:1995 



Switzerland NO No specific compliance requirements 



The 
Netherlands 



NO 
EN 689 is the preferred tool for compliance testing of measured 



exposure values 



UK NO 
ACoP para 126 and 128 and COSHH Essentials General Guidance 



G409. There is no reference to EN 689. 



4. Workplace air methodologies for metals and metalloids 



The selection of a suitable measurement procedure depends on the requirements as stated in EN 4827. 
In this standard, it is stated that every procedure should operate within the range of 0.1 – 2 times 
OELV. In the specific standards or methodologies for the measurement of Nickel there is the 
requirement to calculate the sampling time depending on the flow rate of the dust collection device 
and the method’s limit of quantification using the following formula: 
 



tmin = 
 𝑚𝑚𝑖𝑛



𝑞𝑉 𝑥 𝐹 𝑥𝜑𝐿𝑉  
 



 
where: 
tmin is the minimum sampling time in minutes; 
mmin is the lower limit of the analytical range, in micrograms; 
qV is the design flow rate of the sampler, in liters per minute; 
F is an appropriate multiple of the limit value (0.1 times OELV for an 8 h time-weighted average 



limit value, according to EN 482 as a minimum requirement); 
ρLV is the limit value, in milligrams per cubic meter 
 
An instrumental detection limit is of use in identifying changes in instrument performance, but it is not 
a method detection limit8.  An instrumental LOD and LOQ is likely to be lower than a method’s LOD 
and LOQ because it only considers the variability between individual instrumental readings. The 
method’s LOQ is considering sampling effects, matrix effects from the sample, laboratory equipment 
and chemicals used.  Table 2 provides an overview of the applicable methodologies for Ni 
determination in workplace air. 
 



                                                      



7 EN 482 Workplace atmospheres — General requirements for the performance of procedures for the measurement of 
chemical agents. 
8 POUSSEL E., MERMET J.M. and SAMUEL O. Simple experiments for the control, the evaluation and the diagnosis of 
inductively coupled plasma sequential systems, Spectrochim. Acta 48B (1993) p. 743. 
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Table 2. Methodologies for Ni determination in workplace air. 



Method Update Country  Speciation Technique 



Method 
LOD (µg on 
collection 
substrate) 



Method 
LOQ  (µg on 
collection 
substrate)  



Tmin for 
OELV of 5 



µg/m³  
(min)* 



Tmin for 
OELV of 



20 µg/m³  
(min)** 



EN 13890 Nov-09 EU None - general requirements and test methods 



MDHS 91-2 Feb-15 UK Ni total, Ni sol XRFa 0.05 0.2 / / 



ISO 15202 -1                                                  
ISO 15202-2                                                             
ISO 15202-3 



2012                                                    
2012                                                      
2004 



WORLD Ni total, Ni sol 
ICP-AESb; FAASe; 



ICP-MSc 
0.5 1.7 1545 425 



ISO 30011 Jul-05 WORLD Ni total, Ni sol ICP-MSc 0.0034 0.12 / / 



ASTM D7035‐16 Jul-05 US Ni total, Ni sol ICP-AESb 0.3 1 909 250 



MDHS 42-2 Mar-96 UK Ni total, Ni sol ETAASd 0.0432 0.1296 / / 
    FAASe 0.72 2.16 1964 540 



MétroPol Fiche 
003 Métaux – 
Métalloïdes 



Nov-15 FRANCE Ni total, Ni sol ICP-AESb 0.72 2.16 1964 540 



BGI 505-10-2 Jan-09 GERMANY Ni total GFAASf 0.22 0.66 600 165 



BIA 8095 Feb-14 GERMANY Ni total GFAASf 0.22 0.66 600 165 



NIOSH 7302 Jul-14 US Ni total ICP-AESb 0.2 0.6 545 150 



NIOSH 7304 May-14 US Ni total ICP-AESb 0.3 0.9 818 225 



NIOSH 7306 Sep-15 US Ni total ICP-AESb 0.56 1.68 1527 420 



NIOSH 7300 Mar-03 US Ni total ICP-AESb 0.02 0.06 / / 



NIOSH 7301 Mar-03 US Ni total ICP-AESb 0.02 0.06 / / 



NIOSH 7303 Mar-03 US Ni Total ICP-AESb 0.327 0.98 891 245 



OSHA ID-121 Feb-02 US Ni total, Ni sol FAASe 2.5 7.5 6818 1875 



OSHA ID-125G Sep-02 US Ni total ICP-AESb 0.92 2.76 2509 690 



NF X43-275 Jun-02 FRANCE Ni total FAASe 2.5 7.5 6818 1875 



MTA/MA-
025/A92 



Dec-16 SPAIN Ni total, Ni sol FAASe 0.2 0.7 636 175 



 



Values marked in yellow are instrumental LOD and LOQ values, calculation of Tmin  is not appropriate 



* in the respirable fraction -minimum sampling time (using the most common flow rate of 2,2 l/min for respirable cyclones) 



** in the inhalable fraction -minimum sampling time (using the most common flow rate of 2 l/min for inhalable samplers) 



*** All values in red have minimum sampling times higher than the reference period (480 min) 
a XRF - X-ray fluorescence spectroscopy 
b ICP-AES - Inductively coupled plasma atomic emission spectroscopy 
c ICP-MS - Inductively coupled plasma mass spectrometry 
d ETAAS - Electrothermal atomic absorption spectrometry 
e FAAS - Flame atomic absorption spectroscopy 
f GFAAS - Graphite furnace atomic absorption spectroscopy 
g ICP-SFMS -  Inductively coupled plasma sector field mass spectrometry 



 



The LOD and LOQ values are mainly reported in the methodologies as “typical values”, this means that 
they are very specific for the method. Those values should normally be the minimal requirements when 
validating methodologies where the above standard or method is added as a reference in the 
laboratory method. 



 



Table 2 shows that no methodology can measure an OELV of 5 µg/m³ in the respirable fraction and for 
the inhalable fraction 56% of the methodologies are not capable of determining the OELV of 20 µg 
Ni/m3.  



 



Table 3 provides an overview of the applicable instruments for Ni determination, the instruments’ 
LODs and the relative systems’ costs9,10.       



                                                      



9 An elementary overview of elemental analysis, Thermo Elemental, 2001. 
10 Rousseau RM, Detection limit and estimate of uncertainty of analytical XRF results, The Rigaku Journal Vol 18, N°2, 2001. 
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Table 3. Typical analytical techniques used for nickel determination in workplace 
air sampling. 



Technique Instrument LOQ Ni  Relative System cost  



FAAS 10 ppb 1 



GFAAS 0.24 ppb 2 



ICP-AES (radial) 6 ppb 4-5 



ICP-AES (axial) 0.4 ppb 5-7 



ICP-MS 0.1 – 10 ppt 10-20 



XRF8 5.1 ppm 5-7 



 



From Table 3 it can be concluded that the techniques capable of measuring the OELVs within the 
required range are also more expensive and in some countries less available. 



 



When greater sampling volumes are taken while still complying with the international inhalable and 
respirable sampling curves, and sampling personnel and analytical chemists use ultra-clean equipment, 
or when disposable samplers become available, it can be feasible to measure Ni in workplaces at lower 
concentrations.  



 



Those methodologies are not commonly available in Europe, only specific methods such as the German 
method uses a high-volume area sampler (FSP10 at 10l/min); a disadvantage of this method is that 
measurements are not always done at a personal level (so not in accordance with the requirements of 
EN 482 and EN 689), because of the weight of the sampler and pump.   



 



In addition, the total uncertainty in sampling and analysis as per EN 482 should be considered when 
introducing new methodologies. 



 



We encourage ECHA to reflect the above-mentioned considerations in their document and to take 
them into account when considering the selection of a final OELV, based on the range of possible 
OEL values that are shown to be health protective based on toxicological and epidemiological data. 



5. Ni speciation in workplace air samples 



Workplace exposures in the nickel producing and using industries are seldom pure (e.g., single Ni 
substance). Rather, workplace samples contain mixtures of two or more of the four main groups of 
nickel substances: water soluble Ni compounds, sulfidic Ni compounds, oxidic Ni compounds and 
metallic Ni (elemental Ni and Ni-containing alloys).  These samples contain not just mixtures of 
particles of each type of compound but also have different compounds (phases) within the same 
particles (e.g., Hoflich et al., 2000; Weinbruch et al., 2002).  ECHA is recommending the setting of two 
OELs: one defined as “inhalable aerosol” that applies to all Ni compounds (but not Ni metal) and 
another one defined as “respirable fraction” that applies to Ni compounds and Ni metal.  Compliance 
with the respirable Ni OEL would require the collection of samples with personal respirable samplers 
and the analytical determination of total Ni.  No discrimination between soluble or insoluble Ni 
compounds or between Ni compounds and Ni metal would be needed.  



  
By contrast, to comply with the inhalable OEL for Ni compounds, an additional analysis of the inhalable 
samples would be needed to differentiate between metallic Ni and Ni compounds.  There are no 
standardized or readily available methods to conduct this analysis.  A sequential leaching method 
developed in 1990s for sulfidic samples permits the allocation of total Ni to the four main groups of Ni 
substances. The first leaching step assesses the fraction of soluble Ni compounds in the sample, while 
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the second step leaches out the sulfidic Ni compounds. The third leaching step yields the fraction of 
metallic Ni, with the reminder of the sample being assigned to the oxidic Ni compounds (Zatka et al., 
1992).  Several modifications to the Zatka leaching solutions and conditions have been proposed to 
improve the accuracy of the assignments (e.g. Fuchtjohann et al 2001; Conard et al., 2008, Oller et al., 
2009).  
 
The original and modified versions of the Zatka method have been applied to a variety of workplace 
and air samples with variable results.  In general, it has been found that the first step of the Zatka 
method (acid solution of ammonium citrate) can leach not only the water-soluble Ni compounds but 
some water insoluble compounds as well (e.g., carbonates) and thus it always indicates the presence 
of some water soluble compounds even when none are detected using physical methods. The second 
leaching step can in some cases underestimate the fraction of sulfidic Ni, while leading to an 
overestimate of the metallic nickel (Conard et al., 2008). In other cases (e.g., alloys), the assessment 
of the metallic nickel fraction can be underestimated. The release of Ni from Ni metal happens through 
the process of oxidation rather than through simple dissolution.  The particle size and the presence in 
individual particles of Ni metal mixed with other Ni compounds makes the quantification of nickel 
metal in workplace samples very difficult. The presence of additional metals (e.g., copper) in the 
samples can also influence the release of Ni from metallic Ni (Conard et al., 2008). Furthermore, even 
pure particles of Ni metal can have a surface oxide layer, whose characteristics can influence the 
kinetics of Ni release (Mazinanian et al., 2013). 
The four step sequential leaching protocols have been applied as part of research projects and are not 
commonly available at commercial laboratories. This kind of approach has been modified to include a 
single leaching step and differentiate between soluble compounds and insoluble Ni substances 
(including metallic Ni) (Andersen and Berge, 1998, Thomassen et al., 2004). These simplified protocols 
would not be suitable to discriminate between Ni compounds and metallic Ni. 



 
There are several physical methods that can be applied to identify the chemical forms of Ni present in 
workplace samples and within individual particles (e.g. XRD11, XANES12, EDX13, SEM14, Handbook on 
the toxicology of Metals, 2014). These methods can certainly identify the presence of metallic nickel 
and various Ni compounds. However, these methods are not commonly available in analytical labs, can 
be quite time consuming, and cannot usually yield the quantitative results needed to assign the 
workplace total inhalable Ni exposure to Ni compounds or metallic Ni. 
One additional aspect of having to discriminate between metallic Ni and Ni compounds is the need for 
larger samples; the mass collected on a filter must be sufficient not only for total Ni analysis but also 
to support any additional tests needed to quantify Ni compounds (in presence of Ni metal), the amount 
of dust collected by the commonly used sampling methodologies is not sufficient to perform several 
different analysis techniques.  
 
Therefore, compliance with the ECHA proposed inhalable OEL of 0.02 mg Ni/m3 for Ni compounds 
alone (assessing and subtracting metallic Ni) would be unfeasible at the present time, with current 
sampling practices and analytical speciation methods, for the majority of the nickel workplace samples. 



                                                      



11 X-ray powder diffraction 
12 X-ray absorption near edge structure 
13 Energy-dispersive X-ray spectroscopy 
14 Scanning Electron Microscopy 
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Thus, it should be recognized that when the inhalable OEL is applied in workplaces that also have 
metallic Ni exposure, exposure to Ni compounds will be overestimated. 



6. Editorial comments 



Section 6.1. External exposure 
In the first sentence, a particle sampler is mentioned. “Particle sampler” is not commonly used. We 
suggest changing to “particle size-selective sampler”. 
 
We suggest adding a reference after the first sentence to the definitions of the respirable and inhalable 
fraction. This could for example read as follows: 
EN 481 - Workplace atmospheres. Size fraction definitions for measurement of airborne particles or 
ISO 7708 - Air quality -- Particle size fraction definitions for health-related sampling 
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https://www.scribd.com/document/52152822/AAS-GFAAS-ICP-AES-OES-or-ICP-MS-Which-technique-should-I-use
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Our concern  is that if the if the limits are lowered to such an extent that the impurities present in recycled materials must be considered this puts a lot of alloys that are traditional considered to be Nickel free in to a nickel containing bracket. For example a Bronze specification from EN1652:1997 CuSn4 CW450K can contain up to 0.2% Nickel. Would the Nickel content then become notifiable on a Safety Data Sheet?

Our question is how products that contain low level impurities of Nickel will be effected?
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