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1. INTRODUCTION

1.1. Background

Cobalt sulphate, cobalt dichloride, cobalt dinitrate, cobalt carbonate and cobalt diacetate (‘the
cobalt salts’ or ‘the five cobalt salts”) were prioritised for inclusion in Annex XIV to the REACH
Regulation by the ECHA recommendation of 20 December 2011 (3 recommendation?). These
substances meet the criteria for classification as carcinogenic (category 1 B) and toxic for
reproduction (category 1 B), in accordance with Regulation (EC) No 1272/2008, had been
identified as substances of very high concern and were included in the candidate list in
accordance with Article 59 of Regulation (EC) No 1907/2006 (REACH).

In December 2012, the Commission requested ECHA to conduct an investigation on the uses of
the five cobalt salts, as they indicated that at least one of the uses of the cobalt salts (e.qg.
surface treatment) poses a risk to human health that is not adequately controlled that might
need to be addressed. The inclusion into Annex X1V of REACH was postponed until the
investigation was completed?.

The investigation was carried out to determine whether the uses of the five cobalt salts may
pose a risk to human health which is not adequately controlled and should therefore be
addressed within the scope of an Annex XV restriction dossier. As a result of this request, a
detailed study report was submitted to the Commission in July 20133. Overall the 2013 report
concluded that the existence of a significant potential for exposure to the cobalt salts had not
been demonstrated in the uses covered by the study. However, a number of uncertainties
were identified that could have a major impact on this conclusion, in particular whether the
cobalt salts exhibit a threshold mode of action regarding their carcinogenicity effects - as
claimed in the registration dossiers - or that they should be considered as non-threshold
carcinogens. Additionally, the report highlighted several deficiencies in the registration dossiers
- mainly related to the absence of relevant exposure scenarios for some uses - that were an
issue of concern. The study report is included as an Appendix to this current report.

Following the conclusion of the 2013 report, ECHA commissioned an assessment of the mode
of action of the cobalt salts, which has concluded that the cobalt salts are genotoxic
carcinogens by inhalation with a non-threshold mode of action; RAC* supported this
conclusion. This work answered one of the key uncertainties raised in the previous report.

The present report (2017) aims to present a complementary picture to the initial study report
based on the new data now available to ECHA. This new data includes the conclusion on the
mode of action and new information contained in several updates (latest by July 2016) to the
registrations dossiers. In this context, the present report is supplementary to certain parts of
the initial study report only.

https://echa.europa.eu/documents/10162/13640/3rd_a_xiv_recommendation_20dec2011_en.pdf/22d
19030-4756-4c95-b120-7c582e1335c6

2 See recitals 11 and 12 of Commission Regulation (EU) No 348/2013 of 17 April 2013 amending Annex
X1V to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH): http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013R0348&qid=1493704087781&from=en

3% A preliminary investigation into the conditions of use of five cobalt salts” Final report; ECHA, July 2013
(unpublished).

4 http://echa.europa.eu/documents/10162/13563/echa_sr23_project_en.pdf
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1.2. Scope

The present report covers the following uses, as requested by the Commission:
Use in surface treatment

Use as a pigment for PET plastic

Use as a catalyst for the production of PTA/IPA/DMT and PET

Use as a catalyst in oxygen scavenging processes

Use in animal feed

Use in fertiliser

Use in biogas production

Use in biotechnology, pharmaceuticals and in vitro diagnostics

© ® N kbR

Use in humidity indicators

The report focuses on identifying those uses for which there may especially be a concern for
workers considering the conditions of use of the cobalt salts, the inhalation exposure levels
given in the registration dossiers and the corresponding excess lung cancer risks. Excess
cancer risks levels are estimated based on the dose —response function developed as part of
the assessment of the mode of action of the cobalt salts commissioned by ECHA.

1.3. Methodology

For the purpose of this investigation, ECHA has carried out a review of the registration dossiers
for cobalt sulphate, cobalt dinitrate, cobalt dichloride, cobalt carbonate and cobalt diacetate,
study.

ECHA performed a screening of the registration dossiers in July 2016 (last search 18/07/2016).
For each cobalt salt, the Chemical Safety Reports (CSR) and the Occupational Exposure
Scenarios (ES) submitted by the lead registrants were evaluated. No additional CSR or ES
were available in ECHA’s database.

Based on the screening of these dossiers, the operational conditions, risk management
measures and resulting worker inhalation exposure levels were identified for each of the uses
(this information is presented in Annex 1). Exposures levels were then used for the calculation
of the excess cancer risks for workers based on exposure for a working lifetime (i.e. 40 years).

Exposure values used for the risk characterisation in this report are those provided in the
registration dossiers. The methodology used to derive exposure values was not
comprehensively assessed, since this was outside the scope of the study. Nevertheless, the
methodology is briefly presented in the report to provide a better understanding of the
exposure assessment performed by the registrants.

1.4. Structure of the report

Section 2 presents the main parameters of exposure for each of the uses and highlights those
activities which give rise to exposure levels that might lead to a concern. Although each use is
discussed independently, the conclusions are drawn together providing a comprehensive
overview of the key drivers of exposure and the uncertainties identified across all uses under
analysis.

Section 3 focuses on risk characterisation and presents the conclusions regarding the risk level
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arising for each of the uses.

A public version of the initial report on the investigation of the conditions of use of the five
cobalt salts (ECHA, July 2013) is included as an Appendix to this document. The report
presents a detailed overview of the information gathered in a targeted consultation carried out
by ECHA in 2013 together with the information provided in the ESs of the registration dossiers
available at the time of developing the report. Although the information of this initial report is
partially superseded, especially regarding the ESs, it provides a useful insight of the uses of
the five cobalt salts in the different sectors of activity included in the study.

2. OCCUPATIONAL EXPOSURE ASSESMENT

2.1. Exposure estimation methodology applied in the registration
dossiers

Worker inhalation exposure estimation is based on measured and modelled data. Measured
data are obtained through personal air monitoring data resulting from the use of the substance
in similar processes, or calculated as read-across from exposure values resulting from the
manufacture of similar inorganic cobalt compounds or of cobalt metal itself. A summary of the
monitoring dataset used for the estimation of worker exposure levels for a number of cobalt
compounds is presented in the CSR. For the cobalt salts, the number of measurements
available varies from 12 to 120 depending on the activity. According to the information
provided, the measurement values are either full shift representatives, or have been obtained
during the entire task duration and then calculated as time weighted averages. Monitoring data
are originally reported for cobalt and then recalculated for each of the cobalt compound based
on their molecular weight. Only the total exposure is presented; there is no indication of, for
example, the inhalable vs respirable fraction.

Modelled exposure data are based on MEASE. According to the CSR, the intrinsic emission
potential of the substance (the so-called fugacity class) is one of the main exposure
determinants in the MEASE tool. Cobalt sulphate, cobalt dichloride, cobalt dinitrate and cobalt
carbonate in powder form are identified as having medium exposure potential based on the
dustiness of the substances. For cobalt diacetate in powder form, a high potential for exposure
is selected as input parameter in the modelling tool. Aqueous solutions are considered as
having very low to low exposure potential depending on the activity performed. The input
parameters for the modelling tool are available in the CSR.

Exposure estimation values are reported in pg per m? in the registration dossiers. For

comparison purposes, these values have been back-calculated to pug Co per m3 and presented
as such in this report. All exposure values reported correspond to the inhalable fractionS.

2.2. Use in surface treatment

2.2.1. EXposure Scenarios

For each of the five cobalt salts, the corresponding CSR presents five ES for their use in
surface treatment. These ES are as follows:

5 There is no specific information available in the CSRs on the ratio of inhalation fraction to respirable
fraction.
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1. Formulation of metal surface treatment pre-formulations
2. Use at industrial site - Passivation processes
3. Use at industrial site - Plating process in surface treatment

4. Service life (worker at industrial site) - Industrial handling of surface treated articles
(passivated/plated)

5. Service life (professional worker) - Industrial handling of surface treated articles
(passivated/plated)

Each of the ES comprises a number of main Worker Contributing Scenarios (WCS) adding up to
a total of 19 WCS. Please refer to Annex 1 for a full description of the main WCS.

2.2.2. Operational Conditions and Risk Management Measures

The Operational Conditions (OCs) and Risk Management Measures (RMM) for each of the five
Exposure Scenarios as presented in the CSRs are compiled in Annex 1.

In general:

- Handling of cobalt salts in powder form (opening of containers, loading/ unloading,
dosing, dosing, weighing, mixing) requires integrated LEV (90% efficiency) and the use
of RPE (APF 10/20) to reduce inhalation exposure. No specific RMMs are considered
necessary for the handling of agueous solutions of the cobalt substances.

- Closed semi-automated systems with integrated LEV (90% efficiency) and RPE (APF 10)
are required for dissolution of cobalt salts in powder form and for_plating at industrial
sites, while for manual brush plating, the contributing scenario specifies the use of LEV
(efficiency 78%) and RPE (APF 20).

- No specific RMMs to reduce inhalation exposure are required for passivation with
aqueous solutions of cobalt salts. The concentration of cobalt salts in passivation
solutions is set at 1 to 5%.

- For cleaning and maintenance tasks, the use of RPE (APF 40) is identified in all
Exposure Scenarios.

- No specific RMMs are identified for handling of cobalt coated/plated articles at industrial
or professional settings. Only low level energy process are considered in the exposure
scenarios (PROC 21).

- All activities require the use of gloves, eye protection and certified safety clothing and
shoes as well as general good occupational hygiene practices to ensure safe handling of
the substance.

2.2.3. Inhalation Worker Exposure estimation

Inhalation exposure levels based on measured data are provided for several WCSs including:
handling of cobalt salts in powder form (including dissolution), plating, handling of articles and
cleaning and maintenance. For the other WCSs modelled data based on MEASE are provided in

the CSRs.

Inhalation worker exposure levels range from below 1 pug Co/m?3 to 24.5 ug Co/m3.The
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activities which give rise to higher exposure levels are those involving the use of cobalt salts in
powder form - specifically raw material handling and cleaning and maintenance, which show
exposure levels ranging from 20 to 24.5 ug Co/m?® respectively. It should be noted that these
exposure levels are calculated based on measured data and considering that the required
RMMs, including the use of RPE (APF10 to 40), are in place for the full duration of the activities
(up to 8 hours).

Estimated exposure levels for plating activities are in the range of 4 to 5 ug Co/m3. These
exposure values are estimated based on measured data for a closed semi-automated process
and taking into account the use of RPE (APF 10) for the full duration of the shift. Exposure
levels for passivation are estimated at 0.6 to 1 pg Co/m? based on modelled data.

On the other hand, handling of surface treated articles at industrial and professional settings
give rise to exposure levels in the range of 2.5 to 5 ug Co/m3. This exposure levels are based
exclusively on low level energy activities (PROC 21) such as transfer and moving of articles.
Exposure values for high energy operations with cobalt coated/plated articles such as grinding,
polishing, etc. are not provided.

2.2.4. Discussion

The exposure scenarios for the use of the five cobalt salts in surface treatment appear to cover
the major tasks to be performed, including cleaning and maintenance, which may give rise to
inhalation exposure for workers.

Although the RMMs and OCs defined in the exposure scenarios may cover the conditions of use
in most settings, some of them may not be realistic for some workshops. Specifically, plating
in a closed semi-automated process with integrated LEV may not represent the standard
conditions of use for this activity. Moreover, several exposure scenarios (including plating
itself) rely heavily on the use of RPE to reduce exposure for a duration up to 8 hours, which
seems to question the efficiency of the engineering measures in place to control exposure.

Exposure levels estimated based on modelling depend heavily on the exposure potential
assigned to substance/activity. Regarding the use of aqueous solutions of cobalt salts, a
number of activities may produce aerosols which may lead to a higher potential for exposure.
This may apply to activities such as the filling of solutions in the formulation of metal
treatment solutions and passivation. For these activities, only modelled data are provided.
Since the substance is used as aqueous solution, a very low emission potential is considered
for the estimation of exposure in the CSR. However, this may lead to an underestimation of
the inhalation exposure levels if aerosols are generated during these activities.

On the other hand, the ES do not consider the conditions of use and the estimated inhalation
exposure values for handling activities of cobalt surface treated articles such as grinding,
drilling, etc., which may take place in some workshops. These tasks may give rise to the
highest exposure levels especially in professional settings if the adequate RMMs are not in
place.

2.3. Use as a pigment for PET plastics
2.3.1. Exposure Scenarios

According to the registration dossiers, cobalt diacetate is the only cobalt salt which is used as a
pigment for PET plastics. Three ES are identified in the CSR:

1. Use at industrial site — Production and industrial use of plastics and/or PET using cobalt
diacetate as a colorant
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2. Service life at industrial site —handling of plastics and/or PET in industrial settings
3. Service life professional worker- handling of plastics and/or PET in professional settings

A total number of six main WCS are presented for this use - four for the use of cobalt diacetate
at industrial sites and two additional ones for service life of cobalt-containing plastics/PET. The
conditions of use recommended for each WCS are compiled in Annex 1.

2.3.2. Operational Conditions and Risk Management Measures

According to the CSR, the conditions of use of cobalt diacetate at industrial sites are similar to
those identified for the use of cobalt salts in surface treatment. They include, among others:

- Integrated LEV (90% efficiency) and RPE (APF 20) in activities that involve handling of
cobalt diacetate in powder form (including loading, unloading, weighing, mixing, and

dissolution).

- Close semi-automated processes with integrated LEV (90% efficiency) and RPE (APF
10) for further processing (including mixing, blending and extrusion).

- The use of RPE (APF 40) for cleaning and maintenance tasks.

- The use of gloves, eye protection and certified safety clothing and shoes as well as
general good occupational hygiene practices for all activities.

The “handling (abrasive processing) of cobalt-containing plastics/PET” is defined to take place
with general ventilation (efficiency 17%) at industrial settings and, additionally, and only for
professional workers, the use of RPE (APF 10) is required.

2.3.3. Inhalation Worker Exposure estimation

Measured data are provided for most of the worker exposure scenarios, with the highest
measured values corresponding to the “handling (abrasive processing) of cobalt-containing
plastics/PET at industrial sites” and to “cleaning and maintenance” activities, for which 8h TWA
exposure values in the range of 22 to 24 pg Co/m? are estimated. Exposure levels resulting
from the “handling of cobalt diacetate in powder form” are estimated at 18.5 ug Co/m?. It
should be noted that exposure levels are calculated taking the use of RPE into account for
“cleaning and maintenance” activities (APF 40) and for “handling of cobalt diacetate in powder
form” (APF 20), but not for “handling (abrasive processing) of cobalt-containing plastics/PET at
industrial sites”.

Exposure levels for “handling (abrasive processing) of cobalt-containing plastics/PET by
professional workers” are lower, in the range of 2.5 pug Co/m3, since as stated above, the use
of RPE (APF 10) is required for this activity.

2.3.4. Discussion

The ES provided define the conditions for the industrial use of cobalt diacetate as a pigment for
PET as well as for handling cobalt-containing plastics/PET at industrial and professional
settings.

The technical conditions defined, based on integrated LEV and semi-automated closed
processes for mixing, blending and extrusion, seem characteristics of industrial sites where
extrusion of plastics may take place. However, the heavy reliance on the use of RPE for a
duration up to 8 h for several activities (including extrusion itself as well as handling of powder
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forms) introduces uncertainty regarding the efficiency of the engineering control measures in
place to ensure adequate worker protection.

Similarly, reliance on the use of RPE by professional workers to reduce exposure to cobalt in
handling of cobalt-containing plastic articles for a full shift may not be adequate to control
exposure levels.

2.4. Use as a catalyst for the production of PTAZIPA/DMT and PET
2.4.1. Exposure Scenarios

According to the registration dossiers, cobalt diacetate is the only cobalt salt in use as a
catalyst in the manufacture of PTA, IPA, DMT and PET. The CSR for cobalt diacetate presents
one ES for this use:

1. Use at industrial site — Use as a catalyst

Two WCS are identified for this use, including loading/unloading, reaction, removal of wet
splashes and cleaning and maintenance activities (Annex 1).

2.4.2. Operational Conditions and Risk Management Measures

Cobalt diacetate is used as a homogeneous catalyst in acetic acid solution. Following the
description in the CSR, the formulated catalyst mixture is delivered in aqueous acetic solution,
stored in a stock tank and then used in a closed system reactor before cobalt is recovered from
the reactor solution. No specific RMMs to avoid inhalation exposure to cobalt diacetate are
defined for the activities taking place in the manufacturing process expect for “cleaning and
maintenance” tasks for which the use of RPE (APF 40) is specified.

As a general condition, the use of gloves, eye protection and certified safety clothing and shoes
as well as general good occupational hygiene practices are required to control worker exposure
to cobalt diacetate in this use.

2.4.3. . Inhalation Worker Exposure estimation

Inhalation exposure values provided for this use are based on measured data. Similar to other
uses of cobalt salts discussed previously, the highest inhalation exposure levels (in the range
of 24 pg Co/m?) are measured in the “cleaning and maintenance activities” where exposure to
dust/powder is expected.

For the manufacturing process itself (including loading/unloading of the catalyst solution,
reaction and the immediate removal of wet splashes), exposure values of 1 ug Co/m? are
reported. It is not clear, however, whether sampling activities (either in open or close systems)
are taken into account in the measured exposure values for the manufacturing process.

2.4.4. Discussion

The exposure scenario defines the activities giving rise to potential exposure to cobalt
diacetate in the manufacture of PTA, IPA, DMT and PET. These activities include the major
exposure contributing tasks that may take place in a closed reaction process, including
cleaning and maintenance activities.

However, it is noted that sampling operations, which may give rise to direct inhalation

exposure to workers, are not defined in the ESs. This could be a major contribution of
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exposure if performed in an open system and may require specific RMMs/OC to control
exposure. The specific conditions under which sampling may take place should be identified to
provide the required guidance for the safe use of the substance.

Measured exposure levels, in the range of 1 to 24 ug Co/m?, are in line with those estimated
for other uses of cobalt salts already discussed, and seem realistic under the conditions of use
defined in the ESs.

2.5. Use as a catalyst in oxygen scavenging processes

2.5.1. Exposure Scenarios
The CSRs of cobalt sulphate, cobalt dichloride, cobalt dinitrate and cobalt carbonate present
two ESs for this use:

1. Formulation — Formulation for water treatment chemicals, oxygen scavengers and

corrosion inhibitors

2. Use at industrial site — Use of water treatment chemicals, oxygen scavengers and
corrosion inhibitors

The ES cover four main WCSs corresponding to formulation, use, cleaning and maintenance
tasks (Annex 1).

2.5.2. Operational Conditions and Risk Management Measures
According to the CSRs:
- Formulation of oxygen scavenger solutions involve handling of cobalt salts in powder
form. For this task, including opening of containers, dosing, loading/unloading,

weighing, mixing, re-packaging and sampling, integrated LEV (90% efficiency) and the
use of RPE (APF 10) are identified in the ESs.

- The use of formulated solutions at industrial sites, where exposure to aqueous solution
with low exposure potential is expected, do not require specific RMMs to prevent
inhalation exposure to workers.

- For cleaning and maintenance activities the use of RPE (APF 40) is identified.

- The use of gloves, eye protection and certified safety clothing and shoes as well as
general good occupational hygiene practices are defined to ensure safe handling of the
substance for all activities.

2.5.3. Inhalation Worker Exposure estimation

The exposure levels provided in the registration dossiers are based on measured data for the
formulation stage and on modelled data for the use of the formulation at industrial sites.
Similar to previous uses of the cobalt salts already discussed, the highest exposure levels are
measured in activities involving the use of cobalt salts in powder form, which include the
“formulation of the oxygen scavenger solutions” and the “cleaning and maintenance activities”.
Inhalation exposure levels reported for these activities are in the range of 20 to 24.5 ug Co/m?
respectively. These values are measured considering the use of RPE (APF10 to 40) for the full
duration of the activity (up to 8 hours).
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On the other hand, exposure levels arising from the “use of the oxygen scavenger solutions”
are estimated to be in the range of 3 to 5 ug Co/m?® based on modelled data.

2.5.4. Discussion

The ES cover the main tasks that may give rise to exposure to cobalt salts from the formulation
and use of water treatment chemicals (oxygen scavenger solutions) in industrial sites. It is noted
that, according to the CSRs, the formulation of oxygen scavenger solutions require the use of
integrated LEV to control worker exposure, which in practice implies the use of specific
equipment which may not be available if formulation takes place in-situ, i.e. where the chemical
products are used for water treatment.

Exposure levels reported vary significantly depending on the physical form of the cobalt salts,
ranging from 3 to 5 pg Co/m? for aqueous solutions to 20 to 24 5 pug Co/m?2 for uses involving
handling of cobalt salts in powder form. As previously discussed for other uses of cobalt salts

control of exposure for cobalt salts in powder form require the use RPE for the full duration of
activity, which may take place for up to 8 hours.

2.6. Use in fertilisers and/or feed grade materials

2.6.1. Exposure Scenarios

The CSR of cobalt sulphate, cobalt dichloride, cobalt carbonate and cobalt diacetate present
the conditions of use in fertilisers and feed grade materials. Two ES are identified for each
cobalt compound:

1. Formulation — Formulation of fertilisers and/or feed grade materials

2. Use by professional worker — Professional use of fertilisers

The formulation stage covers five WCS corresponding to raw material handling, formulation,
filling, packaging and cleaning and maintenance while for the professional use, four WCS are
identified including filling/dosing and spreading of solid and liquid fertilisers (Annex 1).

The use in fertilisers and feed grade materials is not identified for cobalt dinitrate.

2.6.2. Operational Conditions and Risk Management Measures

For the formulation stage:

- Raw material handling including powder forms requires the use of integrated LEV (90
efficiency and of RPE (APF 10/20).

- The use of generic LEV (78 % efficiency) is required for the formulation of mixtures
(liquid or solid) including mixing, blending and milling activities.

- The concentration of the cobalt salts is restricted to 1 to 5% in the formulated mixtures,
except for cobalt diacetate for which a concentration lower than 1% is specified. Solid
mixtures are formulated as granulates to reduce their inhalation exposure potential in
subsequent uses.

- The packaging of solid mixtures and filling of agueous solutions do not require specific
RMM to prevent inhalation exposure.
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- RPE (APF 40) is required for cleaning and maintenance activities.

For the activities covered by the professional use of fertilisers, no specific RMMs to control
inhalation exposure are identified. These tasks take place either under general ventilation or
outdoors, with the cobalt salts being used as solid granulates or as aqueous solutions.

The use of gloves, eye protection and certified safety clothing and shoes as well as general
good occupational hygiene practices are required to control worker exposure both at the
formulation and at the professional use stage.

2.6.3. Inhalation Worker Exposure estimation

Inhalation exposure values reported in the CSR for this use are based on modelled data except
for raw material handling and cleaning and maintenance activities at the formulation stage, for
which measured data are presented.

The highest inhalation exposure levels to cobalt are estimated for those activities where the
cobalt salts are handled in solid forms, either as powder or as granulates. This include “raw
material handling” at the formulation stage, the “formulation of mixtures” as such, and
“cleaning and maintenance” tasks where exposure to cobalt dust may be expected. Exposure
values in the range of 20 to 24.5 ug Co/m? are reported for these activities. It is noted that
these exposure values are estimated taking the use of RPE (APF 10/20/40) into account for a
duration up to 8 hours, except for the formulation of mixtures as such, for which the use of
RPE is not required. The use of solid fertilisers by professional workers gives rise to similar
levels of exposure, i.e. up to 25 ug Co/m3. No RPE is considered for this use.

As can be expected, activities which involve the use of cobalt salts as aqueous solutions give
rise to significantly lower exposure levels. Estimated values range from 0.3 to 1 ug Co/m? for
the formulation stage to 1.5 to 5 pg Co/m? for the professional use of fertilisers.

2.6.4. Discussion

The ES appear to cover the major tasks which may lead to inhalation exposure of workers from
the use of the cobalt salts as fertilisers. However, the use of feed grade material by professional
workers is not included. This activity which may take place indoors could potentially give rise to
levels of exposure similar or higher to those arising from the use of cobalt-containing fertilisers.

On the other hand, the handling of the cobalt salts at the formulation stage require the use of
integrated LEV (90% efficiency) to control worker exposure. Installations with integrated LEV
may be typical for this use at industrial sites but are not encountered in professional settings
where (i.e. farms) where fertilisers/feed grade material may be at use. It is to be understood
therefore that according to the CSR, handling of cobalt salts as such will take place exclusively
at industrial sites, while cobalt-containing fertilisers (i.e. mixtures) with a restricted content of
cobalt are in use by professional workers.

Exposure values reported for this use in the CSR are in line with those previously discussed for
other uses of cobalt salts. The highest exposure levels correspond to the professional use of
fertilisers in solid form for which values up to 25 pg Co/m? (no RPE defined) are reported. Other
activities give rise to inhalation exposure values in the range of 20 to 24.5 ug Co/m? taking into
account the use of RPE for up to 8 hours.
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2.7. Use in fermentation processes, in the biotech sector and in biogas
production

2.7.1. Exposure Scenarios
For this use, three ES are presented in the registration dossiers of the five cobalt salts:
1. Formulation - Formulation of mixtures for use in biogas production

2. Use at industrial site — use in fermentation processes, in scientific research, standard
analysis and biogas production

3. Use by professional worker — professional use of formulation in biogas production

The WCS vary depending on the cobalt salt in use. For example, production and packaging of
solid formulations is identified in the ES of each cobalt salt except for cobalt diacetate, for
which only formulation of aqueous solutions is identified. Similarly, the use by professional
workers of cobalt salts in solid form is identified for all cobalt salts except for cobalt diacetate.
A comprehensive description of the main WCS for this use is presented in Annex 1.

2.7.2. Operational Conditions and Risk Management Measures
In general:

- Formulation of mixtures takes place exclusively for the biogas sector including handling
of cobalt salts in powder form and the production of solid formulations (except for
cobalt diacetate) and aqueous solutions. These activities require the use of integrated
LEV (90% Efficiency) and RPE (APF 10/20) according to the CSR. Similarly, packaging
of solid formulations require integrated LEV (90 % efficiency) in place to reduce
exposure, but no RPE. For the handling of solutions once formulated, no specific RMMs
to avoid inhalation exposure are identified.

- Inindustrial sites, the handling of cobalt salts in powder form require the use of generic
LEV (78% Efficiency) and RPE (APF 10/20) to control inhalation exposure to workers
while where aqueous solutions and/or sealed bags are in use, no specific RMM are
identified.

- Closed systems are identified in operations involving the use of the cobalt salts in
powder form in industrial settings as well as generic LEV (78% efficiency) an the use of
RPE (APF 10).

- Professional workers using cobalt-containing formulations in biogas production require
the use of RPE (APF 10) for dosing solid material into the reactors, while no specific
RMMs are required when liguid material is in use. Cobalt content is below 1%.

- For cleaning and maintenance activities the use of RPE (APF 40) is identified.

- The use of gloves, eye protection and certified safety clothing and shoes as well as
general good occupational hygiene practices are defined to ensure safe handling of the
substance for all activities.

2.7.3. Inhalation Worker Exposure estimation
Exposure data are calculated based on measured and on modelled data. The highest exposure

values correspond to the “handling of cobalt diacetate in powder form” at industrial sites where
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exposure levels in the range of 30 pg Co/m? are reported. Other activities giving rise to higher
exposure values include the “handling of cobalt salts in powder form at the formulation stage”
and “cleaning and maintenance activities” where the higher inhalation exposure values
estimated are in the range of 20.5 to 24.5 ug Co/m? respectively. These values are measured
considering the use of RPE (APF10 to 40) for the full duration of the activity (up to 8 hours).

The use of cobalt-containing mixtures (except for cobalt diacetate) in powder form by
professional workers give rise to exposure levels up to 25 pug Co/m3. This values is estimated
taking the use of RPE (APF 10) into account for up to 8 h.

On the other hand, “handling of liquid solutions both at industrial and professional settings”
give rise to much lower inhalation exposure values, as can be expected. Exposure levels in the
range of 0.3 to 4.5 pug Co/m?® are presented in the CSR.

2.7.4. Discussion

The ES describes the conditions of use define to control exposure to workers both for industrial
and professional uses. The conditions of use described, including the RMMs identified to prevent
inhalation exposure, appear to be standard conditions of use at the different settings. For
example, the formulation of cobalt-containing mixtures require the use of integrated LEV (90 %
Efficiency) which may be the case at industrial settings. Similarly, the use of the cobalt salts in
closed systems is very likely to be encountered in fermentation processes and in the biotech
sector where reactors are routinely used.

Exposure levels presented in the CSR vary significantly, from 1.5 to 30 pg Co/m?, depending
on the activity, cobalt salt, and form of the cobalt salt (solid/liquid solution) in use. Exposure
levels at 30 pg Co/m? are the highest reported for any use and correspond to the “handling of
cobalt diacetate in powder form” at industrial sites. For this use, generic LEV (78% Efficiency)
and RPE (APF 10/20) are considered to be in place for a full shift (up to 8 h). It is noted that
according to the CSR, cobalt diacetate is not used for the production of cobalt-containing
mixtures in powder form but only as aqueous solutions.

Professional uses of cobalt-containing mixtures in solid form (except for cobalt diacetate) gives
rise to inhalation exposure levels up to 25 pg Co/mé3. This value is estimated taking the use of
RPE (APF 10) into account for up to 8 h. As previously discussed, the use of RPE does not
seem adequate as RMM to control exposure up to 8 h in professional settings.

The conditions of use and exposure levels for other activities involving the use of cobalt salts in
powder form and as aqueous solutions are in line with those previously discussed for other
uses of cobalt salts.

2.8. Use in humidity indicators
2.8.1. Exposure Scenarios

Two ES are identified for the use of cobalt dichloride in humidity indicators. No other cobalt
salt is in use according to the CSR. The ES are as follows:

1. Use at industrial site — Use in humidity indicator cards, plugs and/or bags with printed spots
2. Service life (professional worker) — Handling of humidity indicator cards or spotted bags

Five main WCS are identified for this use, including the handling of the cobalt salts as aqueous
solutions and further processing, the handling of humidity indicators at industrial sites and by
professional workers, and cleaning tasks. For a full description of the ES and WSC, refer to
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Annex 1.
2.8.2. Operational Conditions and Risk Management Measures

Exposure to cobalt dichloride takes place exclusively as aqueous solution or already contained
in humidity indicator cards or bags. The content of cobalt dichloride in the final product is
between 1 to 5%. No additional RMMs are presented in the ES to prevent inhalation exposure
of workers.

As a general requirement, the use of gloves, eye protection and certified safety clothing and
shoes as well as general good occupational hygiene practices are defined to ensure safe
handling of the substance for all activities.

2.8.3. Inhalation Worker Exposure estimation

Inhalation exposure values are based on modelled data. The emission potential of the
substance is considered as very low. Exposure values range from 23 pg Co/m? for “handling of
cobalt dichloride aqueous solutions” to 4.5 ug Co/m?2 for handling of humidity indicators both
by industrial and by professional workers.

2.8.4. Discussion

The ES describe the condition of use of cobalt dichloride for the manufacturing and subsequent
handling of humidity indicators in the form of cards or bags. The use involves the handling and
processing of cobalt dichloride solutions in open systems where exposure to cobalt may take
place. Modelling data is based on low emission potential which seems appropriate for the
activities described where aerosol formation is not expected.

Estimated exposure levels vary from 4.5 to 23 ug Co/m3. These values can be considered as
similar to those encountered for other uses where inhalation exposure to workers may arise from
much higher emission potential forms such as powder and dust. Nevertheless, it is to be
remarked that no specific RMMs to prevent inhalation exposure are required for this use and
therefore exposure levels reported seem to reflect exposure values arising from the process
where no specific control measures, such as containment, LEV or RPE, are in place.

2.9. Conclusion on exposure assessment

Inhalation worker exposure levels vary from 0.3 pg Co/m? to 30 pug Co/m3, according to the
CSR. In general, except for a few exceptions, exposure levels arising from inhalation exposure
to cobalt salts in solid form (powder/dust) are calculated based on measured data, while
exposure to cobalt-containing aqueous solutions and to cobalt salt granulates is estimated
from modelling data (MEASE).

The activities which give rise to higher exposure levels are those involving the handling of
cobalt salts in powder form at industrial sites_and cleaning and maintenance activities where
exposure levels up to 30 pg Co/m? are estimated. For these activities, LEV (minimum 78%
efficiency) and the use of RPE (APF 10-40) are common requirements in all ES and for all
cobalt salts, and may be routinely encountered in industrial settings. In general, the use of
cobalt diacetate in powder form require more stringent RMM due to the higher emission
potential assigned to this compound. It is noted along the ES for the different uses and cobalt
salts that control of exposure to cobalt-containing powder or dust relies heavily on the use of
RPE for activities that may take place for up to 8 h. For example, for formulation activities
involving the handling of cobalt salts in powder form, the ES define the use of RPE (APF 10/20)
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for the full duration of the task. Similarly, activities at industrial sites or by professional
workers involving handling of cobalt-containing articles - which may give rise to exposure to
dust - require the use of RPE (APF 10/20) to control exposure. Reliance of control of exposure
on the use of RPE for 8 hours does not seem adequate, especially for professional workers,
where the measures to ensure the proper functioning of the equipment (fit-test, training,
supervision, maintenance, etc.) may not be regularly in place. This is also not in line with the
hierarchy of occupational control which prioritises the implementation of engineering control
systems (automation, enclosure, ventilation) to the use of personal protective equipment
(PPE).

In sum, exposure levels arising from exposure to cobalt-containing powder or dust which give
rise to the highest exposure levels reported in the CSR (up to 30 ug Co/m?), seem realistic and
representative of the activities described in the ES. Nevertheless, the level of protection
assumed from the use of RPE for activities which take place for up to 8 h may not be realistic,
especially in the case of professional workers, who may rely on the use RPE as the only control
measure to prevent exposure.

Exposure levels resulting from the use of cobalt salts as aqueous solutions are significantly
lower, typically in the range of 0.3 to 5 pg Co/m?3. Conditions vary significantly depending on
the concentration of cobalt salts in the solution and the activity performed. For example, for
formulation of aqueous solutions (mixing) with no restriction on the content of cobalt salts,
closed systems with integrated LEV (90% Efficiency) and RPE (APF 10) are required according
to the ES. However, passivation in surface treatment with aqueous solutions with 1 to 5% of
cobalt salts do not require any specific RMM to prevent inhalation exposure. For both activities
it is assumed that the emission potential of the substance is very low. However it is not clear
whether formulation and more significantly passivation does not give rise to aerosols which
may significantly increase the potential for inhalation exposure to workers. The lack of
measured data gives rise to uncertainty regarding the exposure levels reported for these
activities.

On the other hand, exposure levels arising from exposure to aqueous solutions of cobalt salts
at plating are calculated based on measured data. Nevertheless, according to the ES, exposure
levels are measured for the activity taking place in a closed system with integrated LEV (90%
Efficiency) and RPE (APF 10). Although the use of LEV and RPE may be standard practice at
industrial sites, closed systems are not widely implemented for plating activities and may not
reflect the conditions of use encountered in most surface treatment operations.

Overall, it is concluded that the exposure assessment as reported in the CSR is likely
to be representative for most of the activities in the scope of this study
demonstrating exposure to cobalt salts. However, the assessment presents a number
of uncertainties that may lead to an underestimation of the inhalation exposure
levels encountered in a significant number of workplaces. This is especially the case
for passivation and plating activities where the conditions of use as defined in the ES
do not seem to be applicable to small workshops where these operations may take
place. Additionally, exposure levels may be significantly higher in those ES for which
the use of RPE is required for up to 8 h, if the estimated effectiveness values cannot
be achieved as discussed above.

Finally, some activities which may give rise to significant exposure to cobalt salts are
not reflected in the ES. These include sampling in closed systems, handling of
surface-treated articles with high energy processes (grinding, drilling, etc.) both at
professional and industrial settings and professional uses including the use of cobalt-
containing feed-grade materials.
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3. RISK CHARACTERISATION

The five cobalt salts covered by this report should be considered carcinogens in relation to
inhalational exposure only and as non-threshold substances as a genotoxic mode of action
cannot be ruled out:

e carcinogenicity data are only available for local tumours in the respiratory tract in
relation to inhalation exposure, thus dose response estimations can only be made for
inhalation exposure.

e the current scientific findings and mode of action considerations may support the notion
that water soluble cobalt substances may be threshold carcinogens although there are
some uncertainties related to initiation by catalytic ROS generation and direct oxidative
DNA damage. In addition, the genotoxicity data may indicate a non-threshold
mechanism.

¢ thresholds have not been identified for the cobalt salts in relation to the carcinogenicity
and genotoxicity in the respiratory tract.

These conclusions were supported by RAC® at RAC 37.1t is to be noted that industry did not
agree with this assessment and argue a threshold mechanism is most likely. Industries
conclusion is due to their opinion that the catalytic ROS generation and direct oxidative DNA
damage are the only mechanisms relevant to the cancer formation seen in animals. They
dispute the evidence of genotoxic mechanisms that RAC accepted due to the route of exposure
(ip), deficiencies in the studies showing genotoxicity and that the substance is an essential
element. RAC disagreed with their view.

ECHA'’s contractor developed a dose response function for the carcinogenicity of the five cobalt
salts. The dose response relationship was derived by linear extrapolation, which is to be
considered as a very conservative approach, especially at very low exposure levels. In
addition, the dose response derived is based only on the respirable fraction since no reliable
data were available for inhalable particles. RAC agreed to this approach being used for the
quantitative assessment of cancer risks.

Using the information extracted from the registration dossiers for the five cobalt salts, excess
risk values have been calculated for the various uses of the salts. Since the content of
respirable particles is not available, worker excess cancer risks have been estimated
considering that 10% of cobalt inhalable particles are in the respirable range. Additionally, as
sensitivity analysis, the excess cancer risk for workers have been derived assuming that 100
% of the cobalt exposure levels reported correspond to respirable particles. The results are
shown in Annex 2.

For all uses, activities which give rise to exposure to cobalt salts in solid forms
(powder/granulates/dust) result in excess cancer risk values in the range of 103 to 102. Lower
excess cancer risk values, in the range of 105 to 103, result from, in general, activities
involving exposure to aqueous solutions and handling of articles.

It has to be remarked that these risk levels are calculated considering an exposure of 8 hours
per day, 220 days per year and for a working life of 40 years. Excess cancer risk values may
be significantly lower if the actual duration and frequency of the activity is taken into account.
This will be specially the case for activities which may take place for a short period of time
(e.g. raw material handling in small workshops) or sporadically (e.g. cleaning and
maintenance). On the other hand, since the activities are not restricted to a limited time or
frequency in the registration dossiers, it is theoretically possible that real exposure values and

6 http://echa.europa.eu/documents/10162/13563/rac_agreement_cobalt_salt_en.pdf
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the corresponding excess cancer risks may be as presented in Annex 2.

Whilst there is no agreed level of excess cancer risk that is deemed unacceptable,
risk levels in the range of 103 to 102 have been seen as requiring some level of risk
management action. Additionally, the uncertainties identified regarding the exposure
levels resulting from the use of cobalt salts, especially for passivation and plating
activities and for those tasks for which control of exposure relies heavily on the use
of RPE, may result in higher exposure levels and therefore higher excess cancer risks
than those reported in this study.

4. ANNEXES

ANNEX 1 - Occupational Exposure Scenarios

ANNEX 2 — Worker Excess Cancer Risk
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ANNEX 1-Occupational Exposure Scenarios

Occupational Exposure Scenario/WCS

18 (80)

Exposure PROC Physical Form/ Maximum Technical
level Maximum Exposure Conditions
TWA Exposure Duration
(ng/m® Potential (EP)
Use #1 Use in surface treatment
Substance: Cobalt sulphate (1), Cobalt dichloride (2), Cobalt dinitrate (3), Cobalt carbonate (4), Cobalt diacetate (5)
1- Formulation of metal surface treatment pre-
formulations (measured data & MEASE)
1.1- Raw material handling (measured data) 54 (1) 26,8B nr Solid nr Ambient Integrated APF=10
(Opening of containers/dosing) 45 (2) (powder/dust), Temperature LEV Efficiency:
64 (3) Aqueous solution/ Efficiency: 90%:;
41 (4) Medium EP, 90% APF=20
56 (5) High EP (5) Efficiency
95% (5)
1.2- Formulation of solutions (measured data& 11 (1) 3,2 nr Aqueous solution/ nr Ambient Integrated APF=10
MEASE (5)) 9 (2) Very Low EP Temperature, LEV Efficiency:
(Dissolution) 13 (3) Closed process, Efficiency: 90%;
94 Semi- 90% Not required
1(5) automated 5)
1.3- Filling of solutions (MEASE) 6 (1) 8B 5-25 | Aqueous solution/ nr Ambient Not Not
6 (2) Very Low EP Temperature required required
6 (3)
6 (4)
6 (5)
1.4- Cleaning & Maintenance (measured data) 64 (1) 8A,26 Solid nr Ambient Not APF=40
(Manual cleaning, repair and maintenance 54 (2) (powder/dust)/ Temperature required Efficiency:
operations, removal of residuals