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Screening Assessment — Cobalt

Synopsis

Pursuant to sections 68 or 74 of the Canadian Environmental Protection Act,
1999 (CEPA), the Minister of the Environment and the Minister of Health have
conducted a screening assessment of cobalt and cobalt-containing substances,
as part of the Substance Groupings Initiative of the Government of Canada’s
Chemicals Management Plan (CMP). Fifty cobalt-containing substances were
identified during the categorization of the Domestic Substances List as priorities
for action as they met categorization criteria under subsection 73(1) of CEPA
and/or were considered as a priority based on other human health concerns.

Information was reported under section 71 of CEPA for 22 cobalt-containing
substances that were manufactured, imported or used above reporting
thresholds in Canada in recent years (2006-2011). Four substances were
reported to be in commerce in quantities greater than 1 000 tonnes, while the
others were in commerce in quantities ranging from tens to hundreds of tonnes.
Activities and uses involving cobalt in Canada include its use as an intermediate
in metallurgical processes, in non-ferrous metal smelting and refining, as a
component in alloys and carbides, as feed supplements and fertilizers, as hard
material tools, and as paints and coatings, plastic, rubber, and batteries.

There are natural and anthropogenic sources of cobalt to the environment.
Anthropogenic sources include cobalt production (e.g., mining); the manufacture,
import and use of cobalt-containing substances, products and manufactured
items; fossil fuel combustion; and waste management. This assessment
considers combined exposure to the cobalt moiety, from natural or anthropogenic
sources, whether it is present in environmental media (e.g., water, sediment, soil,
air), food or products. The assessment focuses on the cobalt moiety, and thereby
considers cobalt in its elemental form, cobalt-containing substances and cobalt
released in dissolved, solid or particulate form. As such, substances considered
in this assessment are not limited to those having met the categorization criteria.
All substances that have the potential to dissolve, dissociate and/or degrade to
release cobalt through various transformation pathways can potentially contribute
to the exposure of living organisms to bioavailable forms of cobalt.

Following releases to the environment, cobalt may enter the water, soil and air
media. The water solubility of cobalt and cobalt-containing substances ranges
widely, from sparingly soluble to greater than 10° mg/L. Therefore, to various
extents, these substances will dissolve in contact with moisture in the aquatic
and soil media and will yield a variety of dissolved cobalt species of varying
proportions depending on the environmental conditions. Dissolved cobalt, as the
bioavailable fraction, may be taken up by aquatic, soil and sediment-dwelling
organisms and has been demonstrated to cause harm to these organisms at very
low concentrations. Survival, growth, or reproduction of these organisms may be
affected. The bioaccumulation potential of cobalt is relatively low, yet cobalt
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uptake may still lead to levels causing harm to sensitive species at body
concentrations higher than required for essentiality.

Ecological exposure scenarios were developed for the various activities that may
represent significant sources of release of cobalt or cobalt-containing substances
to the environment. Exposure to cobalt was assessed based on modeled
(predicted) or measured concentrations of total or dissolved cobalt in
environmental media. Substance-specific exposure scenarios were developed to
represent releases associated with the following sectors mainly involving
manufacture: rubber, chemicals, paints and coatings, plastics (polyester resin),
fertilizers, animal feed, alloys/superalloys and base metals smelting and refining.
In addition, exposure was assessed for the following sectors based on their
potential to release cobalt incidentally (as a by-product): metal mining, base
metals smelting and refining, iron and steel, electricity (power generation),
petroleum refining, oil sands, pulp and paper mills, electrical and electronic
equipment, disposal and waste management.

Risk quotient analyses were performed comparing exposure concentrations to
effects concentrations of dissolved or total cobalt. As a result, a likelihood of
harm to aquatic, sediment or soil organisms is identified mainly in the vicinity of
some facilities for a number of sectors. The metal mining and base metals
smelting and refining sectors are of concern for cobalt. Releases of liquid effluent
were found to be the most important source of exposure for aquatic organisms
near these activities. Drainage from historical mining activities and, to a lesser
extent, metal mining exploration were also found to be a cause for concern for
cobalt. Other sectors or sources found to be of concern were pulp and paper
mills and leachate from landfills.

Considering all available lines of evidence presented in this screening
assessment, there is risk of harm to organisms, but not to the broader integrity of
the environment, from cobalt and soluble cobalt compounds. It is concluded that
cobalt and soluble cobalt compounds meet the criteria under paragraph 64(a) of
CEPA as they are entering or may enter the environment in a quantity or
concentration or under conditions that have or may have an immediate or long-
term harmful effect on the environment or its biological diversity. However, it is
concluded that cobalt and soluble cobalt compounds do not meet the criteria
under paragraph 64(b) of CEPA as they are not entering the environment in a
guantity or concentration or under conditions that constitute or may constitute a
danger to the environment on which life depends.

For the human health assessment, general population exposure was
characterized using nationally representative biomonitoring data collected from
2009 to 2011 as part of the Canadian Health Measures Survey (CHMS). Whole
blood cobalt concentrations are representative of daily exposure to natural and
anthropogenic sources of bioavailable cobalt from all sources including
environmental media, food and the use of frequent or daily use products. The
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results of the CHMS did not show statistically significant differences in blood
concentrations of cobalt between the general population and subpopulations
based on age or gender. Inhalation exposure to solid or particulate forms of the
cobalt moiety was evaluated using concentrations of cobalt measured in personal
air samplers and is considered most representative of typical daily exposures.

Based on the weight of evidence analysis, international agencies have classified
cobalt-containing substances as carcinogens. These classifications are primarily
based on the evidence of tumors observed in rodents exposed to some cobalt
substances via the inhalation or injection route. Available short-term and
subchronic oral studies in animals, or epidemiology studies in humans, do not
provide evidence for potential systemic or site-specific carcinogenicity by the oral
route. Genotoxicity of cobalt is likely mediated by indirect mechanisms, including
generation of reactive oxygen species and inhibition of DNA repair enzymes.
Lethal cardiomyopathy in malnourished individuals who consumed large
guantities of beer containing cobalt sulphate was identified as a critical effect for
risk characterization. Selection of this endpoint is considered conservative as the
affected population may have been more susceptible than the general population
due to dietary insufficiencies and prior cardiac damage from excessive alcohol
consumption. Polycythemia (the increase of red blood cells and haemoglobin)
observed in humans was identified as another critical health effect for the risk
characterization of the general population. The critical effect identified for
inhalation exposure was reduced lung function reported in individuals
occupationally exposed to dust containing cobalt in the diamond polishing
industry.

These endpoints were considered conservative and protective of potential
harmful effects observed in the animal database, including developmental,
reproductive and carcinogenic effects. The margins of exposure between cobalt
levels in whole blood of Canadians from a nationally representative survey or
cobalt levels in personal air samples and conservative effect levels are
considered adequate to address uncertainties in the health effects and exposure
databases.

Therefore, it is concluded that cobalt and cobalt from cobalt-containing
substances, including the substances identified in Appendix A, do not meet the
criteria under paragraph 64(c) of CEPA as they are not entering the environment
in a quantity or concentration or under conditions that constitute or may
constitute a danger in Canada to human life or health.

Overall Conclusion
It is concluded that cobalt and soluble cobalt compounds meet one of the criteria

set out in section 64 of CEPA. In addition, cobalt and soluble cobalt compounds
have been determined to meet the persistence criteria but do not meet the



Screening Assessment — Cobalt

bioaccumulation criteria as set out in the Persistence and Bioaccumulation
Regulations of CEPA.

vi
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1 Introduction

Pursuant to section 68 or 74 of the Canadian Environmental Protection Act, 1999
(CEPA) (Canada 1999) the Minister of the Environment and the Minister of
Health conduct screening assessments of substances to determine whether
these substances present or may present a risk to the environment or to human
health.

The Substance Groupings Initiative is a key element of the Government of
Canada’s Chemicals Management Plan (CMP). The Cobalt-containing
Substance Grouping includes 50 substances (listed in Appendix A) that were
identified as priorities for action, as they met the categorization criteria under
section 73 of CEPA (Environment Canada 2007a; Health Canada 2009a).
Potential ecological effects of concern have been identified for cobalt during
previous assessment activities conducted under the Challenge initiative of the
CMP (Environment Canada, Health Canada 2011a).

This screening assessment focuses on the cobalt moiety, and thereby considers
cobalt in its elemental form, cobalt-containing substances and cobalt released in
dissolved, solid or particulate form. As such, it is not limited to consideration of
the substances having met categorization criteria, and listed in Appendix A. All
substances that have the potential to dissolve dissociate and/or degrade to
release cobalt through various transformation pathways can potentially contribute
to the exposure of living organisms to bioavailable forms of cobalt. This
assessment considers combined exposure to the cobalt moiety, whether it is
present in environmental media (e.g., water, sediment, soil, air), food or products.

Four cobalt-containing substances included in this grouping were assessed
during the earlier Challenge initiative of the CMP (elemental cobalt, cobalt
chloride, and two cobalt sulfates). Although potential ecological concerns were
identified in the Challenge assessment, these substances were found as not
meeting any of the criteria set out in section 64 of CEPA when considered as
individual substances; however, these four substances are included in this
assessment to consider combined exposure to cobalt.

A notice to industry was published under authority of section 71 of CEPA
requiring that relevant data be submitted on 16 cobalt-containing substances.
This information supplements data obtained through previous section 71 notice
surveys, namely a 2009 survey for the Challenge initiative (four substances) and
a survey for the 2009 Domestic Substances List Inventory Update (DSL IU)
initiative (35 substances). As a result, submissions of information pertaining to
the properties, hazard, uses and exposure of the substances were received.

Screening assessments focus on information critical to determining whether

substances meet the criteria as set out in section 64 of CEPA, by examining

1 i+l
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scientific information to develop conclusions by incorporating a weight of
evidence approach and precaution.

This screening assessment includes consideration of information on chemical
properties, hazards, uses and exposure, including information submitted by
stakeholders. Relevant data were identified up to September 2014 and targeted
literature searches were conducted up to November 2016. Empirical data from
key studies and certain results from models were used to reach these
conclusions. When available and relevant, information presented in assessments
from other jurisdictions was considered. The screening assessment does not
represent an exhaustive or critical review of all available data; rather, it presents
the studies deemed most critical and the lines of evidence deemed most
pertinent to the conclusion. Additional supporting information used for this
assessment is summarized separately in supporting documentation, which is
available upon request.

The screening assessment was prepared by staff in the Existing Substances
Programs at Health Canada and Environment and Climate Change Canada and
incorporates input from other programs within these departments. The ecological
and human health portions of this assessment have undergone external written
peer review and consultation. Comments on the technical portions relevant to the
environment were received from Dr. Claude Fortin, Institut National de la
Recherche Scientifique — Eau, Terre et Environnement (INRS-ETE); Dr. Kevin J.
Wilkinson, Université de Montréal; Dr. Beverly Hale, University of Guelph; Dr.
Scott Smith, Wilfrid Laurier University; Dr. William Stubblefield, Oregon State
University; Dr. Peter Lepper, European Chemicals Agency (ECHA); Dr. José V.
Tarazona, ECHA. Comments on the technical portions relevant to human health
were received from Cathy Petito Boyce, Leslie Beyer, and Chris Long of Gradient
Consulting. Additionally, the draft of this screening assessment was subject to a
60-day public comment period. While external comments were taken into
consideration, the final content and outcome of the screening assessment remain
the responsibility of Health Canada and Environment and Climate Change
Canada.

The critical information and considerations upon which the screening assessment
is based are given below.

! A determination of whether one or more of the criteria of section 64 are met is based upon an assessment
of potential risks to the environment and/or to human health associated with exposures in the general
environment. For humans, this includes, but is not limited to, exposures from ambient and indoor air,
drinking water, foodstuffs and the use of consumer products. A conclusion under CEPA in the CMP is not
relevant to, nor does it preclude, an assessment against the hazard criteria specified in the Controlled
Products Regulations, which are part of the regulatory framework for the Workplace Hazardous Materials
Information System for products intended for workplace use. Similarly, a conclusion based on the criteria
contained in section 64 of CEPA does not preclude actions being undertaken under other sections of CEPA
or other Acts.
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2 Scope of the Assessment and Substances Identity
2.1 Scope of the assessment

This screening assessment focuses on the cobalt moiety, and thereby includes
cobalt in its elemental form, cobalt-containing substances and cobalt released in
dissolved, solid or particulate form. This assessment considers combined
exposure of humans and other living organisms to the cobalt moiety, whether it is
present in environmental media (e.g., water, sediment, soil, air), food or products.
The presence of the cobalt moiety in these media, food or products may result
from natural or anthropogenic sources. Anthropogenic sources include cobalt
production (e.g., mining); the manufacture, import and use of cobalt-containing
substances, products and manufactured items; fossil fuel combustion; and waste
management.

2.2 Substances identity

Cobalt-containing substances, whether produced incidentally or commercially,
belong to various categories including elemental cobalt, inorganic metal
compounds, organic-metal salts, organometallic compounds, and unknown or
variable composition, complex reaction products, or biological materials
(UVCBSs). Identities for all of the commercial cobalt-containing substances that
had been identified as meeting the categorization criteria are presented in
Appendix A.

Four cobalt-containing substances that are included in the grouping were
assessed during the earlier Challenge initiative of the CMP (elemental cobalt,
CAS RN 7440-48-4; cobalt chloride, CAS RN 7646-79-9; two cobalt sulfates,
CAS RN 10124-43-3 and CAS RN 10393-49-4) (Environment Canada, Health
Canada 2011a). These substances were found as not meeting any of the criteria
set out in section 64 of CEPA when considered as individual substances;
however, in order to consider combined exposure to cobalt, these four
substances are included in this assessment.

This assessment only considers effects associated with the cobalt moiety, and
does not address other elements that may be present in certain complex cobalt-
containing substances that may release these other elements (such as cadmium,
chromium, silver, and copper). Of note, some of these elements have already
been addressed through previous assessments conducted as part of the Priority
Substances List program under CEPA.

Cobalt-containing substances can include organic-metal salts, as well as
organometallic compounds. These substances may dissolve, dissociate or
degrade to release organic or organometallic transformation products and the
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cobalt moiety. The organic or organometallic transformation products or organic
counter-ions from these substances were not specifically evaluated in this
assessment. However, available human health effects data of the organic
counterions were compared to the hazard database for the cobalt moiety. It was
determined that the health effects database for cobalt is protective of the organic
components.

Engineered nanomaterials composed of or containing cobalt were not explicitly
considered in exposure scenarios of this assessment. However, measured cobalt
concentrations in the environment could include engineered cobalt or cobalt-
containing nanomaterials.
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3 Physical and Chemical Properties

Substances included in this assessment have the potential to release cobalt
through dissolution, dissociation, transformation and/or degradation when they
reach certain environmental media (e.g., water, soil). As such, properties such as
water solubility of cobalt-containing substances and acid dissociation constant
(Ka) of the organic component of organic-metal salts are relevant to the
environmental fate and ecotoxicity of these substances. Values for these
properties are available in ECCC (2016a). Molecular weights are also provided
and are used in the assessment to calculate quantities and concentrations on a
cobalt molar basis. The values presented for the molecular weight of
organometallic and organic-metal salt UVCBs are an approximation, based on
simple addition of the named components. Indeed, by definition, molecular
weight of UVCBs cannot be assigned. Other physical and chemical properties
such as boiling and melting points, vapour pressure, Henry’s Law constant were
not documented as it is expected that substances in the grouping will be solid at
environmental temperatures and will not be volatile. Certain partition coefficients
that pertain to cobalt as an ion (as compared to bound cobalt within a substance)
are available in ECCC (2016a), and are discussed in the environmental fate
section of this report.

Data presented in ECCC (2016a) show that the water solubility of cobalt and
cobalt-containing substances ranges widely, from sparingly soluble to greater
than 10° mg/L. Some of these values are based on the transformation-dissolution
protocol developed by the Organisation for Economic Co-operation and
Development (OECD) for metals and metal compounds (OECD 2001, OECD
2008a,b), representing a relevant measure regarding the expected release of
cobalt ions from elemental cobalt and sparingly soluble cobalt compounds. Even
though some solubility or transformation-dissolution values are very low, they are
within the range of the concentrations expected to be potentially harmful to
sensitive aquatic organisms. It can be noted that there were no empirical water
solubility or transformation-dissolution data available for a number of substances.
In cases where solubility data were not available, a qualitative estimate was
made based on equilibrium constants such as the solubility product constant
(Ksp) and acid dissociation constant (K,) for analogous substances. When such
information was not available, estimates were based on professional judgement
(2001 personal communication from Robert Burk, Carleton University, to
Ecological Assessment Division, Environment Canada; unreferenced). There
were no data available for water solubility for inorganic UVCB compounds. These
substances are often complex matrices (e.g., sludges and slags) that contain
numerous metals. If exposed to water, they may leach certain metals depending
on exposure conditions. Based on an analogue approach, it was deemed that
these compounds could potentially release cobalt. Thus, they were identified as
being soluble (2001 personal communication from Robert Burk, Carleton
University, to Ecological Assessment Division, Environment Canada;



Screening Assessment — Cobalt

unreferenced). This is a conservative approach for some of the UVCB
compounds (e.qg., frits?> chemicals).

In addition, the substance with the common name cobalt carbonyl (CAS RN
10210-68-1) is an organometallic compound that has reactivity with air and
water, as acknowledged in several Material Safety Data Sheets. Carbon
monoxide and cobalt hydroxide, a soluble compound, are the expected
decomposition products which may be produced upon release of cobalt carbonyl
to the environment. Thus, cobalt carbonyl was included in the original grouping
even though the literature indicates that it is insoluble in water.

4 Sources, Uses and Releases to the Environment
4.1 Natural sources

Cobalt is a naturally occurring element in the terrestrial crust. Cobalt
concentrations in the upper continental crust have been determined to average
about 25 ppm and to range between 0.1 and 110 ppm (Reimann and de Caritat
1998). Cobalt is not known to exist naturally in its elemental (metallic) form;
naturally occurring cobalt is comprised of various minerals, oxide and salt forms
(ECCC 20164a).

Global natural emissions to the atmosphere have been estimated to range
between 690 and 11 000 tonnes of cobalt per year, with a median of 6100 tonnes
(Nriagu 1989). Sources include wind-blown continental dusts, weathering of
rocks, seawater sprays, forest fires and volcanoes (IPCS 2006). Atmospheric
deposition and introduction of cobalt into surface water and soil as a result of
these natural processes are reflected in the geochemical background levels in
these media. These background levels are considered when estimating the
exposure of ecological receptors to cobalt substances in the characterization of
ecological risk section of this assessment.

4.2 Anthropogenic sources, uses and releases

Anthropogenic sources of cobalt and cobalt-containing substances include
activities such as the production of cobalt (mining, smelting and refining); the
manufacture, import and use of cobalt-containing substances, products or
manufactured items; as well as the disposal and waste management of cobalt-
containing substances, products or manufactured items. These various stages,
parts of the life-cycle of cobalt-containing substances, are presented in the
following sections, with an explanation of potential releases to the environment at
each of these stages. Sources related to the incidental manufacture of cobalt-

% A frit is a ceramic composition that has been fused in a special fusing oven, quenched to form a
glass, and granulated.
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containing substances (i.e., as a by-product) in any form are also described,
where applicable, with respect to releases to the environment. Unless otherwise
stated, cobalt quantities, releases and emissions [(e.g., National Pollutant
Release Inventory (NPRI) data)] are presented as total cobalt on an elemental
basis.

4.3 Cobalt production
4.3.1 Metal mining

Elemental cobalt is rarely the exclusive metal isolated from a mine but it is mainly
an additional product of copper or nickel mining (BGS 2009). Cobalt can also be
found in association with silver, lead and iron ores. A total of 2275 tonnes of
cobalt were mined in Canada in 2009 (Natural Resources Canada 2009a). The
province with the largest quantity extracted was Ontario (779 tonnes) with the
rest mined from Newfoundland and Labrador (626 tonnes), Manitoba
(374 tonnes) and Quebec (496 tonnes) (Natural Resources Canada 2009a).
There were 18 mines and mills which produced cobalt in 2009. These facilities
were located in the following mining areas: Sudbury (Ontario), Voisey’s Bay
(Newfoundland and Labrador), Thompson (Manitoba) and Raglan (Quebec)
(Natural Resources Canada 2009b). Operating mines are located in areas of
increased mineralization and therefore may also have historical mines in
proximity. Most of the mines which produce cobalt are underground mining
operations.

Mines and mills, even if they do not purposefully extract cobalt as a product, may
release cobalt to the environment given that this metal is present in a variety of
ores. Cobalt can be released from mining facilities because, during the mining
process, water comes into contact with cobalt-containing rock, ore and tailings.
This cobalt can be dissolved into the contact water and can then be released
mainly as part of the effluent of the mine at the final discharge point. Cobalt can
continue to be released from mine waste storage facilities (waste rock and
tailings) long after the mine has ceased operation. At some locations, the pH of
the contact water can be lowered due to the presence of other substances such
as sulphide minerals and, due to the lowered pH of this water, it commonly
contains elevated concentrations of dissolved metals (including cobalt). The
outflow of this acidic (low pH) water is called acid mine drainage (AMD) and all or
most of it is treated for pH and metals at active mine sites.

In 2011, 44 mines and mills reported on cobalt and its compounds to the NPRI of
Environment Canada. Reported on-site releases to air, water and land, for that
year are 1.7, 1.3 and 1.3 tonnes respectively while on-site disposal amounted to
3 637 tonnes and transfers off-site for disposal was 88 kg (Table C-1, Appendix
C). It should be noted that “disposal” includes information on the disposal of
tailings and waste rock. There was no off-site recycling reported (NPRI 1995).
Forty-three out of the 44 mines and mills reported total releases (air, water, soil)



Screening Assessment — Cobalt

of cobalt of less than one tonne, while 15 reported having no releases of cobalt.
The reporting threshold for “cobalt and its compounds” is 10 tonnes
Manufactured, Processed or Otherwise used (MPO) at a concentration of 1% or
greater. However, NPRI requires that cobalt in tailings and by-products be
included in the calculation of the reporting threshold regardless of the
concentration of cobalt in these materials (including less than 1%). All releases,
disposals and transfers of cobalt (except for quantities in waste rock at less than
1%) must then be reported on to the NPRI if the threshold for reporting was met.
The requirement to include all cobalt in tailings in the calculation of the MPO
threshold may contribute to more extensive reporting from the metal mining
sector compared to other sectors. While most of the 44 mines and mills that
reported cobalt releases to the NPRI were metal mines, there were a few non-
metal mines as well (phosphate, potash, diamond, and coal).

4.3.2 Base metals smelting and refining

Smelting is used to produce a number of products, including cobalt, from mined
ore. The smelting process uses heat and chemical reduction to extract the metal
from the ore. Similar to mines, smelters and refineries that do not smelt or refine
cobalt may release cobalt to the environment given that this metal is present in a
variety of ores or concentrates being processed. Smelters that produce nickel,
specifically, often have ores containing cobalt. In Canada, nickel smelters are
located in Sudbury (Ontario) and Thompson (Manitoba).

Cobalt can be further refined by hydrometallurgical and electrolytic processing to
increase its purity. There are two cobalt refineries in Canada located in Port
Colborne (Ontario) and Fort Saskatchewan (Alberta) (Natural Resources Canada
2009b).

Smelters and refineries may release cobalt to the environment, depending on the
materials treated. In 2011, eight smelters and refineries reported to the NPRI
total releases of 4.1 tonnes of cobalt, mainly to air (3.8 tonnes), while amounts
reported to be disposed of on-site were -58.7 tonnes (Table C-1, Appendix C)
(NPRI 1995). Reporting of a negative number for disposal of waste rock indicates
that the quantity of a substance removed from the management area exceeded
the quantity of the substance deposited in that area for a given year.

Thirteen of the 50 cobalt-containing substances included in the grouping are
inorganic UVCBs that are or were generated solely by base metals smelters and
refineries (Environment Canada 1988 and 2009) (Table A-1, Appendix A). These
substances are intermediates or wastes that likely do not result in direct
exposure to the environment (ECCC 2016b).



Screening Assessment — Cobalt

4.4 Manufacture, import and uses of cobalt-containing
substances, products and manufactured items

Table B-1 of Appendix B presents a summary of information received on the
quantities of the substances that were manufactured, imported and/or used in
Canada for various reporting years. This information was acquired through three
surveys issued pursuant to section 71 of CEPA (Canada 2009a, Canada 2009b,
Canada 2011b). See appendix B for details about the surveys.

In Table B-1 of Appendix B, the quantities, activities and uses are presented for
the cobalt-containing substances. Since each substance has a different
molecular weight, the proportion of cobalt varies from one substance to the other.
Hence, the substances having the highest quantities in commerce do not
necessarily represent the highest quantities of cobalt in commerce.

Most of the highest quantities of substance-containing substances belong to the
category of discrete inorganics and a few substances are organic-metal salts.
One organic-metal salt UVCB (cobalt naphthenate) and one organometallic
(cobalt carbonyl) are also in commerce in relatively high volumes. Three
substances are manufactured, imported or used in quantities greater than 1000
tonnes. Twelve substances are manufactured, imported or used in quantities
totalling from a few tens to a few hundreds of tonnes. Four substances belonging
to the category of inorganic UVCBs generated as residues by base metals
smelters and refineries are manufactured in high volumes (>500 tonnes); given
their nature, they were included at the bottom of Table B-1 to differentiate them
from the discrete substances.

Table B-2 (Appendix B) presents the three activities or uses for which the highest
guantities were reported for each substance that was in commerce in 2006, 2008
or 2011. Activities or uses reported for substances having the highest quantities
in commerce are intermediates in metallurgical processes; non-ferrous metal
smelting and refining; component in alloys and carbides; and batteries. Other
activities or uses were reported in quantities in the order of a few tens of tonnes
such as incidental production as a by-product; catalyst; rubber; paints and
coatings; plastic; and automobile manufacturing. Major uses in Canada are
comparable to major uses worldwide. Indeed, globally, the two largest uses of
cobalt are in hard materials (such as superalloys, hard-facing and carbides) and
batteries; when magnets are included this accounts for approximately 74% of
total use (CDI 2011).

The substances that were below the reporting threshold used in the surveys are
listed in Table B-3 in Appendix B (22 substances). Since no significant releases
to the environment are expected for these substances given their expected low
volumes, no further exposure characterization was conducted for these
substances in this assessment.
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Six other substances listed in Table B-3 of Appendix B were not included in any
of the three surveys. Four of them are inorganic UVCB substances generated by
smelters and refineries for which it was not deemed necessary to obtain
additional information given their nature. This was also the case for one of the
two other substances that were not surveyed (frits chemicals). Information on the
last substance that was not surveyed (Pigment Blue 36) was obtained through a
voluntary data submission.

Additional sources of information indicate that cobalt containing substances are
also present in cosmetics (including skin products, hair products including dyes,
deodorants (CoRC 2004; 2011 and 2013 emails from the Consumer Product
Safety Directorate, Health Canada, to the Existing Substances Risk Assessment
Bureau, Health Canada; unreferenced)), face paints (Sarantis 2009) and toy
makeup (Corazza et al. 2009). In addition they have been found at trace levels in
textiles as pigments (KEMI 2013) and children’s products including toys and
bedding (Uding and Schreder 2013).

Cobalt alloys, used in medical and dental implants, which are subject to pre-
market review under the authority of the Food and Drugs Act and the Medical
Devices Regulations (Canada 2013), are not assessed in this document. Several
cobalt compounds are used in food packaging materials, including use in
colourants in the form of colour concentrates (CAS RN 68187-11-1), coatings
(CAS RN 1560-69-6), and as a catalyst or additive in manufacturing and
modification of plastics, such as polypropylene and polyethylene (CAS RN
13586-84-0), polyester resins (CAS RN 71-48-7) and polyethylene terephthalate,
PET, (CAS RNs 13455-36-2/ 71-48-7/ 27253-31-2/ 136-52-7). In addition cobalt
compounds are also found as a result of impurities in glass jars and bottles (CAS
RN 1307-96-6). Cobalt compounds are used in paints and primers (CAS RN
7440-48-4) and printing inks (CAS RN 136-52-7) with no direct food contact
applications (2013 emails from Health Products and Food Branch (HPFB), Health
Canada to Existing Substances Risk Assessment Bureau (ESRAB), Health
Canada). The Food and Drug Regulations identify cobalt as a mineral nutrient
which may be added to food, the Regulations also permit fortification of certain
food products with Vitamin Bi,, which contains sequestered cobalt (i.e the cobalt
is not bioavailable).

Cobalt is listed, with hydroxocobalamin, methylcobalamin, sierry clay, and
Vitamin B12 (cyanocobalamin) as source ingredients, in the Natural Heath
Products Ingredients Database (NHPID) with a medicinal role for use in natural
health products (NHPID 2015). Cobalt is listed, with hydroxocobalamin,
methylcobalamin, and vitamin B12 as souce ingredients, in the Natural and Non-
prescription Health Products Directorate’s Multi-Vitamin/Mineral Supplements
monograph as medicinal ingredient with a maximum daily dose of 44 mcg/day for
children 1 year and older, adolescents and adults. Cobalt and cobalt-containing
compounds [i.e., CAS RNs 7440-48-4 (as cobaltum and cobaltum metallicum
with minimum homeopathic potencies of 4D and 8D), 7646-79-9 (as cobaltum
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muriaticum with minimum homeopathic potencies of 4X and 12CH) and 10141-
05-6 (as cobaltum nitricum with minimum homeopathic potencies of 6X and
12CH] are also listed in the NHPID with a homeopathic role for use in
homeopathic medicines. Cobalt compounds are listed in the Licensed Natural
Health Products Database (LNHPD) as being present as medicinal ingredient in
currently licensed natural health products (LNHPD 2015). Four cobalt-containing
substances (i.e., CAS RNs 7542-09-8; 7646-79-9, 7440-48-4, and 10124-43-3)
are identified as an active ingredient in veterinary drugs (DPD 2013). Based on
notifications submitted under the Cosmetic Regulations to the Cosmetics
Program of Health Canada, categorized cobalt-containing substances (i.e., CAS
RNs 7440-48-4, 136-52-7, and 7646-79-9) are used in certain cosmetic
products in Canada (2011 and 2013 emails from the Consumer Product Safety
Directorate, Health Canada, to the Existing Substances Risk Assessment
Bureau, Health Canada; unreferenced).

Various agricultural products contain cobalt compounds; in particular pesticides,
livestock feeds and fertilizers have been identified. Six formulants (CAS RNs
136-54-7, 7440-48-4 and 27253-31-2) and 3 trade name formulants have been
registered with the Pest Management Regulatory Agency (PMRA) as cobalt
containing substances. The uses include material preservative, wood
preservative, anti-fouling paint and sanitizer. There are no cobalt-containing
active ingredients (2015 email communication from PMRA to Risk Management
Bureau, Health Canada, unreferenced). As cobalt is an essential nutrient for
livestock and is found in low levels in forage, cobalt compounds are included in
livestock feeds at concentrations of 0.1-10 ppm (most commonly at the lower
levels) (personal communication, email from Canadian Food Inspection Agency
to Risk Management Bureau, Health Canada, dated August 16, 2011,
unreferenced). Cobalt is included in the standard for metals in fertilizers and
supplements under Trade Memoranda T-4-093, there is a maximum acceptable
cumulative metal addition to soil for cobalt of 30 kg/ha which are generally
applicable to fertilizers or supplements applied to land or in crop production
(CFIA 1997). However, cobalt is generally not considered to be an essential
nutrient for plant growth and is only essential for some plant species (Canadian
Fertilizer Institute 2013).

Cobalt is contained in electronic and electrical equipment (including batteries).
The vast majority of these products used in Canada are manufactured outside of
the country (2012 personal communication from Products Division, Environment
Canada, to Ecological Assessment Division, Environment Canada;
unreferenced). In addition, no releases of cobalt from these items are expected
during their service/use life. These items could be a source of cobalt emissions at
the end of their life, during their recycling for metals recovery. However, none of
the major recyclers of electronic scrap in Canada reported releases of cobalt to
the NPRI.
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45 Incidental manufacture

For the purpose of this assessment, the term “manufacture” also includes the
incidental production of cobalt-containing substances at any level or
concentration as a result of the manufacturing, processing or other uses of other
substances, mixtures, or products. In other words, the unintentional production of
a substance as a by-product is considered incidental manufacture. This is the
same definition as the one used by Environment Canada’s NPRI®* (NPRI 2013).
Sectors that may not be intentionally involved with the manufacture, import or
use of one of the 50 substances listed in the grouping but that may incidentally
produce cobalt-containing substances as a result of their activities are described
below. The source of release for each sector is briefly described while detailed
exposure scenarios leading to predicted environmental concentrations are
provided later in this report for the sectors with the greatest expected releases of
cobalt.

45.1 Iron and steel

Cobalt is likely associated in trace levels with the ilmenite ore feeding ilmenite
smelters used in the iron and steel sector. Also, iron and steel mills usually burn
coal, coke and fuel oil as energy sources for their industrial processes (Natural
Resources Canada 2007). Combustion of these fuels may result in atmospheric
emissions of cobalt. Cobalt is also contained in low levels in steel slags which are
by-products of steel production. These slags can be disposed of or recycled as
construction materials depending on their composition and leaching
characteristics.

One facility in the iron and steel sector reported releases of cobalt (30 kg to air;
no releases to water or land) to the NPRI for 2011; however, this facility does not
use the fuels mentioned above. This facility also reported off-site disposal as
tailings and off-site recycling (41 and 16 tonnes, respectively). The quantity sent
for disposal actually results mainly from the production of titanium dioxide rather
than from iron and steel making. Another facility in this sector did not report
releases but did report off-site recycling (5 tonnes) (Table C-1, Appendix C).

4.5.2 Electricity (power generation)

Power generation may use fossil fuels such as coal or fuel oil as an energy
source. Cobalt is naturally present in these materials. Canadian milled-coals

® Definition of “manufacture” used for the NPRI: To produce, prepare or compound a substance
listed in Schedule 1 of the Canada Gazette notice and includes the coincidental production of a
substance, listed in Schedule 1, as a by-product as a result of the manufacturing, processing or
other use of any other substances.
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contain 0.99 to 7.8 mg Co/kg (Evans 1985, Goodarzi 2013). As a result of the
combustion of coal and fuel oil to produce electricity, a portion of the cobalt that
they contain may be released to the atmosphere through stack emissions of flue
gas and fly ash, depending on the efficacy of pollution control devices such as
bag houses and electrostatic precipitators (Reddy et al. 2005, Goodarzi 2013).
Cobalt is also found in bottom ash and boiler slag. Like the residues collected by
pollution control devices, bottom ash and slag can be disposed of or recycled
(US EPA 2013). Their reuse in construction materials and the potential for the
metals that they contain to leach out of these materials is extensively studied
(e.g., Siddique 2010).

There were 18 coal-fired and six heavy oil-fired electrical power generation plants
in Canada in 2012 (2012 personal communication from Electricity and
Combustion Division, Environment Canada, to Ecological Assessment Division,
Environment Canada; unreferenced). Three of these facilities reported releases
and disposal of cobalt to the NPRI for 2011 (Table C-1, Appendix C). Releases
were mainly to air (69 kg). In response to a notice issued pursuant to section 71
of CEPA for the year 2006 (Canada 2009a), three facilities reported releases of
cobalt to air (406 kg in total) as well as disposal of 16 300 kg of cobalt as fly ash
and bottom ash (Environment Canada 2010a). Two of these facilities also
reported releases to the NPRI for 2011. Information was also received from six
facilities as part of a voluntary submission; together, these facilities reported
releasing about 50 kg and 5 kg of cobalt to air and water, respectively, for 2012.
These facilities sent about 40 tonnes of cobalt (as ash) for on-site or off-site
disposal or recycling (Environment Canada 2012a).

4.5.3 Petroleum refining

Petroleum refining involves separation processes and techniques such as
cracking and coking to convert crude oil into fuels (e.g., gasoline, heavy fuel olil),
non-fuel products (e.g., lubricating oils, asphalt) and raw materials for the
chemical industry.

The combustion of fossil fuels by petroleum refineries to meet their energy
requirements can release cobalt to the atmosphere. Also, crude oil naturally
contains metals including cobalt that can be emitted to water during some
petroleum refining processes. Water is used within refineries for a number of
purposes including cooling, steam generation, and washing products. It can
come into direct contact with hydrocarbons or treating chemicals at a refinery
(sour water, cooling tower and boiler blowdown) and becomes processed water.
The properties of refinery effluents (flowrate, concentration of contaminants
present) depend on a number of factors including the refinery configuration, the
discharge point and the method of cooling (2013 personal communication from
Oil, Gas, and Alternative Energy Division, Environment Canada, to Ecological
Assessment Division, Environment Canada; unreferenced).

13



Screening Assessment — Cobalt

Petroleum refining processes, such as hydrotreatment to remove sulfur, may
require the use of cobalt-containing catalysts such as cobalt-molybdenum oxide.
The catalysts are not consumed in the process and spent catalysts are usually
recycled. As such, this specific use is not expected to result in environmental
releases. There were 19 petroleum refineries in Canada in 2012 (Canadian Fuels
Association 2013). Three of these refineries reported to the NPRI no quantities
released to the environment, a total of 0.076 tonnes of cobalt disposed of on-site
and off-site and 20.1 tonnes of cobalt recycled off-site for 2011 (Table C-1,
Appendix C).

45.4 Oil sands

Cobalt occurs naturally in the bitumen found in the Athabasca oil sands deposits
in northern Alberta. Coking processes are used at industrial facilities located in
this area to upgrade the bitumen to produce synthetic crude oil. These processes
produce fly ash that closely resemble the fly ash formed from coal combustion in
terms of overall bulk composition and physical characteristics (Holloway et al.
2005). Other types of fly ash are also produced when facilities burn fossil fuels
such as coke to produce electricity. Hence, cobalt may be released to the
atmosphere through stack emissions of flue gas and fly ash.

Cobalt may also be released during oil sands extraction when the hydrocarbon
fraction they contain is extracted using a hot water process. A proportion of the
metals contained in the bitumen partitions to water during the extraction process.
Tailings, including process water, are stored in ponds close to facilities, along
with sand, residual oil and clays. The water can also be partially recycled and re-
used.

In response to a section 71 notice survey, one facility that processes oil sands
reported stack releases of elemental cobalt for year 2006 (180 kg) as part of the
fly ash generated during their coking process. The facility also reported the
transfer of 660 kg of cobalt to an off-site waste management facility during that
same year (Environment Canada 2010a). Of the four facilities that reported to the
NPRI in 2011 for the non-conventional oil extraction (oil sands and heavy oil)
sector, two reported releases of cobalt (total of 0.021 tonnes; Table C-1,
Appendix C). Most of the disposal quantities of cobalt that were reported to the
NPRI were for on-site disposal (530 of the total 531 tonnes).

4.5.5 Pulp and Paper Mills

The main energy sources for the pulp and paper industry are spent pulping liquor
and solid wood waste (Statistics Canada 2007). These materials include trace
levels of cobalt that may be released in an oxidized form in the particulate matter
produced during combustion (Environment Canada 2012a). Pulp and paper mills
also use fuels such as natural gas and heavy oil (Statistics Canada 2007). As
explained earlier, the combustion of heavy oil may lead to atmospheric emissions
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of fly ash that could contain cobalt. In response to a s.71 notice survey, nine pulp
and paper mills reported total releases of 2134 kg of cobalt (likely oxides) from
air stacks as a result of the combustion of biomass, wastes (including ash and
sludge) and fuel for the year 2006 (Environment Canada 2010a). Two of these
mills also reported total releases of 22 kg of cobalt to water as part of the mill
effluent. Another facility reported using elemental cobalt and cobalt sulfate (CAS
RN 10124-43-3) as a micronutrient for anaerobic industrial waste water
treatment; no releases of cobalt to water were reported by this facility. One pulp
mill reported releases of cobalt to the NPRI for 2011 (264 kg to air; Table C-1,
Appendix C); other companies may not have met the reporting requirements.

4.6 Disposal and waste management of products, manufactured
items and wastes containing cobalt

In terms of recycling, cobalt is recovered from recycled scrap metal in Canada
(Environment Canada 2010a). It is also recovered from recycled batteries
(Environment Canada 2010b), spent catalysts and electronic scrap.

4.6.1 Disposal

Cobalt contained in products and manufactured items that are disposed of in
landfills may leach out of the products and items and could end up in landfill
leachate. However, if cobalt is encapsulated or trapped in a very stable matrix,
leaching may be very limited or insignificant. In 94% of large landfill sites in
Canada (permitted to receive 40 000 tonnes of municipal solid waste annually),
leachate is collected and treated on-site and/or off-site (sent to nearby
wastewater treatment plant (WWTP)) prior to being released to receiving water.
However, leachate is most likely not treated in smaller landfills (Conestoga-
Rovers and Associates 2009). At these sites, cobalt may potentially be released
to ground or surface water via leachate.

4.6.2 Incineration

In Canada, 3% of wastes are incinerated; municipal solid waste incinerators have
been shown to be a source of cobalt to the atmosphere (ATSDR 2004). Cobalt is
also present in fly ash and bottom ash produced by incinerators. Air pollution
control (APC) residues also contain cobalt; these residues are usually managed
as hazardous wastes.

4.6.3 Waste management
Facilities that specialize in waste treatment reported to the NPRI for 2011 on-site
and off-site disposal of 19.9 and 7.9 tonnes of cobalt (mostly to landfills),

respectively, as well as 17.7 tonnes for off-site recycling (recovery of metals)
(Table C-1, Appendix C). They did not report any releases to air, water or land.
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4.6.4 \Wastewater and biosolids

In general, wastewater (sewage) is a common point of entry of a substance to
water and a potential point of entry to soil through the subsequent management
of biosolids. One publicly owned WWTP reported releases of 14 tonnes of cobalt
to water to the NPRI for 2011. Concentrations of cobalt measured in wastewater
influent, effluent and biosolids for certain WWTPs in Canada are provided in the
Ecological Exposure Assessment section of this report.

5 Environmental Fate

Cobalt originating from natural or anthropogenic sources may have various forms
in ambient air, surface water, sediments, soils and groundwater.

A metal ion is considered infinitely persistent because it cannot degrade any
further, though it can transform into different chemical species and/or partition
among different phases within an environmental medium. In other words, cobalt
and cobalt ions will always be present in the environment; it is the form under
which they are found that will determine their bioavailability and potential to be
harmful to life. Biodegradation and photodegradation are not applicable to the
inorganic metal-containing substances or to the inorganic cobalt released upon
dissolution, dissociation or degradation. These processes can, however, be
applicable to the organic metal salts and organometallics. The persistence of the
parent organic metal salts and organometallics and their possible organic
counter-ions or organic transformation products is not evaluated individually in
the present assessment. However, the dissolution, dissociation and degradation
capabilities (e.g., half-lives) of the parent organic metal salts and organometallics
may be evaluated or estimated to determine the extent or potential for inorganic
cobalt release.

In terms of partitioning, the fate of dissolved cobalt ions may in part be generally
characterized by partition coefficients—namely soil-water (Ksy), suspended
particles-water (Kspw) and sediment-water (Ksqw) partition coefficients (ECCC
2016a). Since cobalt tends to sorb to solid particles in aquatic media (median log
Kspw = 5.33), a significant proportion of dissolved forms of this metal will end up in
sediments through adsorption to settling suspended particles (Hamilton-Taylor
and Willis 1984). Cobalt should then stay mostly in this compartment (median log
Ksaw = 3.20) unless sediments become resuspended through bioturbation,
dredging, seasonal floods or mixing by turnover events. In addition, cobalt may
be remobilised to water following certain physical and chemical properties
changes (e.g., pH, E;). Thus, partition coefficients are dependent upon particular
system conditions. Elemental cobalt and sparingly soluble compounds (e.g.,
cobalt oxide) that are released to surface water are not expected to be found in
significant amounts in the water column, especially if their density is greater than
that of water. A portion of these compounds may be found in sediments, or in soil
if released to this compartment, in a non-dissolved, solid form.
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5.1 Air

Being a non-gaseous element with a negligible vapour pressure, cobalt is emitted
to air principally in the form of fine particulate matter (PM). Depending on the size
of the PM with which cobalt is associated, it will travel for a certain distance in air
before being deposited to aquatic or terrestrial environments. Particle size
distributions of atmospheric aerosols in England showed that the majority of
cobalt in relatively unpolluted areas is found in the 2 to 10 pum size fraction and
that concentrations are greater in urban areas than in rural sites (Eleftheriadis
and Colbeck 2001).

Long-Range Transport Potential (LRTP) was not quantified in this screening
assessment as cobalt-containing substances or incidental releases are not
expected to travel over very long distances and contribute significantly to
environmental concentration in remote areas (e.g., arctic). As well, the
environmental concentrations (in water, soil or sediments) near the major
sources of releases were considered and included any cobalt deposited from air
releases (see the Ecological Exposure Assessment section).

5.2 Freshwater

Data presented in ECCC (2016a) show that the water solubility of cobalt-
containing substances ranges widely, from sparingly soluble to greater than 10°
mg/L. Thus, if released to water bodies, some substances will release more
cobalt ions than others upon dissolution or dissociation. Under typical pH and Ej,
(oxido-reduction potential) conditions, oxidation state (Il) for cobalt is more stable
than oxidation state (lll) (Cotton and Wilkinson 1988), although under conditions
of high pH and E, Co (Ill) may be more thermodynamically stable (Lee and Tebo
1994). Under conditions commonly found in oxic freshwaters (i.e., pH between 5
and 9; E, between 0.5 and 1 V), Co*", CoCO3°, and CoHCOs" will be the
dominant inorganic species in solution (Brookins 1988; Takeno 2005). This result
can be partly explained by Smith and Martell (2004) who have demonstrated high
stability for the complex CoHCO3" with a thermodynamic stability constant, log Ky
of 12.9 when studying inorganic complexation of cobalt in solution at a
temperature of 25°C and ionic strength (1) of 0 mole/L.

Cobalt is expected to be more mobile under oxidizing conditions than under
reducing conditions (Garrett 2005), where it is mainly associated with the solid
phase including particulates. In addition, environmental mobility will be higher
under acidic conditions than under neutral to alkaline conditions (Reimann and
de Caritat 1998; Garrett 2005) because cobalt is mostly present in the dissolved
phase.

Interactions between metals and natural organic matter is a topic of interest

linked particularly to the fate and bioavailability of cationic metals in aquatic
systems. Over the years, a variety of physical and chemical techniques have
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been used for investigating complexes of cobalt with natural organic ligands in
waters of different compositions. Conditional stability constants (log Kj)
determined by some of these studies varied between 2.45 and 11.6 depending
on the nature of the organic ligand and chemical composition of water (Lee and
Joansson 1983; Ephraim et al. 1989; Pham and Garnier 1998; Kurk and Choppin
2000; Pandey et al. 2000; Hamilton-Taylor et al. 2002; Prado and Airoldi 2003;
Qian et al. 1998; Alvarez-Puebla et al. 2004).

Given the great influence of chemical speciation on metal bioavailability in
aguatic systems, the speciation of cobalt in natural water bodies was determined.
The Windermere Humic Aqueous Model, version VI (WHAM VI: Tipping 2002)
was used to model chemical speciation in Canadian water bodies of various
physico-chemical characteristics. Modeled data indicate that the importance of
inorganic cobalt complexation increases with pH and water hardness. Similarly,
the proportion of cobalt bound to organic matter such as humic acids and fulvic
acids generally increases with the concentration of dissolved organic carbon
(DOC). Additional information on cobalt speciation is available in ECCC (2016a).

5.3 Sediments

It is known that sediments act as sinks for trace metals in aquatic systems
(Forstner and Wittmann 1981). The suspended particulate flux in surface waters
acts as a “conveyer-belt” mechanism whereby metals are “scavenged”, being
adsorbed by or incorporated into particles generated in situ or of allochthonous
origin. In turn, these particles fall through the water column and eventually settle
to bottom sediments (Santschi 1984). Consistent with Santschi’s findings, an in
situ experiment with cobalt-57 showed that about 80% of the radioisotope was
transferred from the water column to bottom sediments 20 days after its initial
introduction in a lake enclosure open to surface sediments (Diamond et al. 1990).

Once in sediments, and similarly for most trace metals, cobalt may be found in a
variety of fractions in this compartment: dissolved in pore water; present in
exchangeable fractions of clays, hydrated oxides of iron and manganese and
humic acids; bound to carbonates; bound to iron and manganese oxides, bound
to particulate organic matter; complexed with sulphides including acid volatile
forms, and in the crystal lattice of primary and secondary minerals (Tessier et al.
1979; Forstner and Wittmann 1981, Di Toro et al. 1992).

5.4 Soils

Similar to sediments, soils are major sinks for metals released to air from natural
and anthropogenic sources. After entry of metal compounds into soils,
transformation processes will involve dissolution, partitioning, leaching and
ageing. The latter designates reactions transferring metals from labile pools to
relatively insoluble pools (Smolders et al. 2007). In general, metal bioavailability
is governed by the mobility and solubility of different geochemical forms
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(Smolders et al. 2007). The behaviour of cobalt in soils is linked to chemical and
physical properties of both the soil (e.g., pH, soil organic matter) and the cobalt-
containing compound (e.g., water solubility) entering this compartment. These
factors are further described in both the bioavailability and effects to terrestrial
organisms sections below.

6 Potential for Bioaccumulation

Bioaccumulation of metals—Ilike that of organic substances—is of potential
concern because of the possibility of reaching internal body concentrations that
can cause harm to the organisms accumulating these substances in their tissues
and/or to the predators that eat these organisms. The step immediately
preceding the accumulation of metals in organisms is the uptake process, which
depends on the forms of the metals that are actually bioavailable. Bioavailability
and the uptake process are therefore discussed below as part of the
bioaccumulation section, with a focus on the cobalt moiety. No attempt was
made to assess the bioavailability and/or bioaccumulation of the organic counter
ion or organic component of the organic cobalt salts and the organometallics
included in the grouping.

The studies that investigate the bioavailability and bioaccumulation of cobalt are
conducted with a variety of soluble cobalt-containing substances. All soluble
cobalt-containing substances are expected to generate dissolved cobalt species
that should behave similarly in a given environmental medium, depending on the
physical and chemical conditions prevailing in this medium as well as on its
composition.

6.1 Bioavailability

6.1.1 Water

The Biotic Ligand Model (BLM) was developed to predict metal biouptake in
recognition that the bioavailability and bioreactivity of metals control their
potential to cause adverse effects in organisms. Basically, the BLM incorporates
the competition between the free metal ion and other naturally occurring cations
(e.g., major cations and H"), together with the complexation by abiotic ligands
(e.g., dissolved organic matter, chloride, carbonates, sulfate) for binding with the
biotic ligand which is assumed to represent exposure at the site of toxic action for
the organism (Paquin et al. 2002). In fact, it is well documented that the toxicity of
metals depends on the pH and ionic strength of the external media (Parametrix
2010a; Di Toro et al. 2001). For cobalt, toxicity studies conducted to date suggest
that increased water hardness reduces acute cobalt toxicity to aguatic organisms
(Borgmann et al. 2005; Parametrix 2010b; Parametrix 2010c; Diamond et al.
1992; Rathore and Khangarot 2003), likely because of the existence of
competitive interactions between Co®* and hardness cations for binding with the
biotic ligand which reduces bioavailability. While pH is also known to have an
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effect on cationic metal bioavailability, its influence on cobalt is deemed to be
relatively limited and experimental results were contradictory (Parametrix 2010b;
Parametrix 2010c; Khangarot et al. 2003; Macfie et al. 1994; Nautilus
Environmental 2009).

Dissolved organic matter (DOM) is typically considered to reduce toxicity of
metals by decreasing free metal ion concentration and thus decreasing metal
bioavailability. Nonetheless, in his review, Campbell (1995) noted that
guantitative studies on the subject are more or less evenly divided between
examples of reduced and enhanced toxicity in the presence of DOM. The author
suggested that it is imprudent to treat natural DOM as a simple hydrophilic ligand
because this colloidal fraction is multifunctional and its role is not limited to
complexing metals in the bulk solution.

Among pH, DOC and water hardness, the latter is the most influencial toxicity-
modifying factor on cobalt uptake and accounts for approximately 85% of the
variability in the response of freshwater organisms tested (Parametrix 2010b;
Parametrix 2010c; 2013 personal communication from William Stubblefield, from
Oregon State University to Ecological Assessment Division, Environment
Canada; unreferenced).

6.1.2 Sediments

Cobalt may be found in a variety of fractions in sediments. Depending on the
fraction, cobalt will be either weakly bound (e.g., to exchangeable fractions of
clays) or strongly bound (e.g., complexed with sulphides). The bioavailability of
cobalt to benthic organisms is controlled by various key factors including organic
carbon, sulphides and clay concentrations which in turn control the proportions of
the fractions in which cobalt is present in sediments as well as in the overlying
water that can be brought in sediments by organisms activities (e.g., filtration-
feeding, burrowing). For instance, cobalt dissolved in pore water or in the
overlying water would likely be more bioavailable to organisms than cobalt bound
to manganese oxides. No studies on the bioavailability of cobalt to benthic
organisms could be found in the literature to further explore these interactions.

6.1.3 Soil

The development of a BLM for terrestrial organisms is conceivable for modelling
biouptake and toxicity of cobalt in soil pore water. Efforts have been made in that
direction in studies examining the effects of cobalt on the root growth of barley
(Hordeum vulgare) in nutrient solution, and on the survival of the potworm
Enchytraeus albidus exposed to nutrient solution added to acid washed and pre-
combusted sand (Lock et al. 2006, 2007). The exposure media in these
experiments were very well chemically defined but too simplistic to simulate the
uptake and toxicity of cobalt to plants and earthworms in real soils, a caveat
acknowledged by the authors. For example, uptake of cobalt by the worms by
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ingestion of soil particulate matter was not considered. These studies found that
ions such as Ca®**, Mg®*, K" or H" increased LCs, values expressed as
concentrations of freely dissolved cobalt ions, up to several times, for both test
species. These results were explained by the existence of competitive
interactions between these major ions and Co** for binding sites at the organism-
water interface, the overall effect being a decreased toxicity of the free cobalt ion
(Lock et al. 2007). Dissolved organic matter was not a variable tested in these
experiments.

Using another approach, many soil toxicity tests were conducted in support of the
regulatory assessment of nickel conducted by the European Union (EURAR
2008). Soils covering large ranges of pH and cation exchange capacities (CEC)
were used. An empirical linear regression model was developed from this dataset
of experimental toxicity values, having the general format:

Toxicity value = a + b*pH + c*CEC

An ageing factor was then applied to the predicted toxicity value, this factor being
derived from the duration of ageing, soil pH and CEC (Vangheluwe et al. 2007).
Smolders et al. (2009) demonstrated that this approach for evaluating the toxicity
of nickel in soils can also be applied to cobalt. Further details specific to cobalt
soil toxicity are provided in the Ecological Effects section of this report (terrestrial
organisms).

6.2 Bioaccumulation

Cobalt is essential in small amounts for nitrogen fixation by bacteria, blue-green
algae, and symbiotic systems such as those in the root of leguminous plants
(IPCS 2006). It is also an essential micro-nutrient for animals and is required for
the formation of vitamin By, and for its participation in enzymatic processes
(Adam et al. 2001; Gél et al. 2008; Mathews et al. 2008; Metian et al. 2009).
Hence, cobalt will naturally be taken up and to some extent may be accumulated
by certain species of organisms.

6.2.1 Water

Bioaccumulation potential is typically quantified by determining either a
bioaccumulation factor (BAF) or a bioconcentration factor (BCF). However, these
ratios are often criticized when applied to metals because they are considered of
little usefulness in predicting metal hazards (Schlekat et al. 2007). For example,
some metals may naturally be highly accumulated from the surrounding medium
because of their nutritional essentiality (e.g., Ca; K). Furthermore, both essential
and non-essential metals may be regulated within relatively narrow margins by
the homeostatic and detoxification mechanisms that many organisms possess. It
follows that when ambient concentrations of metals are low, BCFs and BAFs are
often elevated. Conversely, when ambient metal concentrations are high, BCFs
and BAFs tend to decrease (McGeer et al. 2003; DeForest et al. 2007). Thus,
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inverse relationships may be observed between BCF and BAF values and metal
exposure concentrations, and this complicates the interpretation of BCF/BAF
values. Natural background concentrations in organisms may contribute to these
negative trends (e.g., Borgmann and Norwood 1995). In addition, inverse
relationships can occur for non-essential elements as well because there are a
finite number of binding sites for the transport of these metals on the organism
(e.g., gill) that could become saturated at higher concentrations (e.g., Borgmann
et al. 2004, MacLean et al. 1996).

To take into account these complicating factors, a mechanistically-based
saturation model for the bioaccumulation of metals using the freshwater
amphipod Hyalella azteca as a test organism has been developed (Borgmann et
al. 2004; Norwood et al. 2007). This model can estimate a BCF based on
background-corrected metal accumulation at low agueous concentration, which
avoids the above-mentioned concentration dependence. In addition, these
authors have shown that (i) lethality occurs when tissue concentrations surpass a
critical body concentration (CBC) and that (ii)) CBCs appear relatively constant for
a variety of different non-essential or marginally essential metals in spite of large
differences in the waterborne concentrations that result in chronic toxicity (e.g.,
Schlekat et al. 2007). It can be deduced from these two points that when the
uptake of a given metal is more efficient, the chronic toxicity threshold in tissue is
reached at a lower water concentration. Consistent with this statement, these
researchers have observed a strong negative relationship between estimates of
chronic toxicity and BCF/BAF values for non- or marginally essential metals and
metalloids (in laboratory: Norwood et al. 2007; Schlekat et al. 2007; in field
settings: Couillard et al. 2008). This relationship holds because total metal body
concentration in Hyalella is likely related to the concentration of the metal at the
site of toxic action. In principle, animals with metal handling strategies not
including important pools of metals stored in detoxified forms, may show close
relationships between bioaccumulation ratios (BAFs and BCFs) and chronic
toxicity (Couillard et al. 2008).

The selection of studies for assessing the bioaccumulation potential of cobalt
builds on the above knowledge and on accepted methodologies for deriving
BCFs and BAFs (OECD 1993; OECD 1996; Arnot and Gobas 2006). ECCC
2016a summarizes criteria and considerations used for BCF and BAF data
guality assessment. In recognition that these ratios are less meaningful for
organisms with large and inert metal-rich compartments, studies with such metal
accumulators have been left aside. When information was available, only metal
concentrations in soft tissues were considered for invertebrates with shells or
important exoskeletons.

To characterize the bioaccumulation and biomagnification potential of cobalt, 38
studies were considered; 20 of these were considered appropriate to provide the
data for this bioaccumulation assessment. A complete summary of all
bioaccumulation data used is provided in ECCC (2016a). The data presented are
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for cobalt as an element and not for individual substances because, as explained
in previous sections of this report, these substances will dissolve in water and will
release cobalt ions. These ions are considered potentially bioavailable (mainly
Co?*) and can be taken up by organisms.

Considering all aquatic data, 31 acceptable bioaccumulation factors were
reported for various species of algae, invertebrates, fish, and zooplankton for
marine and fresh water. These values ranged from 7.4 to 3110 L/kg, with a mean
value of 878 L/kg (95% CIl 611-1146) and a median value of 720 L/kg. No groups
of organisms seemed to have higher BCF/BAF than others. Four biota-to-
sediment accumulation factors (BSAF-sed.) were considered. BSAF-sed values
ranged from 0.091 to 0.645, with a mean value of 0.232 (95% CI 0.024-0.441)
and a median value of 0.138.

6.2.2 Soil

In terrestrial environments, four acceptable biota-to-soil accumulation factors
(BSAF-soil) were identified for only two species, bay bolete (Xerocomus badius)
and white mulberry (Morus alba). Values ranged from 0.007 to 0.81. One soil
study considered the cobalt concentration in a soil solution, thus providing
bioaccumulation factors. The BAF values obtained for the three species tested in
this study ranged from 0.100 to 0.146, wet-weight (Li et al. 2009).

6.3 Biomagnification

Biomagnification Factor (BMF) values describe the process in which the
concentration of a chemical in an organism reaches a level that is higher than
that in the organism’s diet, due to dietary absorption (Gobas and Morrison 2000).
A BMF exceeding 1 indicates that biomagnification is potentially occurring.

Five BMFs were found in the literature for cobalt for four fish species and
zooplankton in marine and freshwater environments. Values ranged from 0.004
to 0.087 with a mean value of 0.026 and a median value of 0.01. In addition, one
study, not reporting specific BMF values for cobalt, estimated that they were <1
for the three fish species studied (Mathews et al. 2008). Details on studies
consulted and results are available in ECCC (2016a).

A number of studies also attempted to quantify the trophic magnification factor of
cobalt (TMF). The TMF is a measure of the biomagnification potential of a
substance within a studied food chain under field conditions. The TMF value
depends on the correlation between trace element concentrations and nitrogen
isotopes (3'°N), measured in an array of members of a given food web (Nfon et
al. 2009), and has the simple equation:

TMF = 108,
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where B is the slope of the regression of the log [trace element concentration
(ug/g wet weight)] against 3°N (Nfon et al. 2009). As the 3'°N count increases
predictably with each trophic level in a food chain, a significant correlation
between these two variables can be indicative of the potential for
biomagnification (if TMF >1) or biodilution (if TMF <1) (Nfon et al. 2009).

Table 6-1 summarizes all data considered for assessing trophic magnification
factors for cobalt. All values are expressed on a wet-weight basis. In these
studies, there was generally no statistically significant relationship between
cobalt concentration and nitrogen isotopes in food webs. These results lead to
the conclusion that cobalt does not present a risk for biomagnification.

Table 6-1: Summary of experimental data selected for estimating the
trophic magnification potential of cobalt

Food web Study | Study TMF Reference
Type | Type value
Marine pelagic food Field Su 1.1° Nfon et al. 2009
chain (Baltic Sea)
Marine pelagic Arctic Field Su 0.937 Campbell et al.
food chain (Baffin Bay) 2005
Freshwater food chain Field Su 0.95 Ikemoto et al.
(Mekong Delta) 2008
Marine pelagic and Field Su 0.71; Asante et al.
benthic food chain (East 1.45° 2008
China Sea)

Su: Field survey of organism, water, sediment, etc.; TMF: Trophic magnification factor

1: Correlation between trophic level and Cobalt concentration demonstrated, but with no statistical significance

2: Study reported that no relationship was demonstrated for cobalt in this food web, due to the small change in cobalt
concentration at each trophic level and due to highly variable data. The TMF value is calculated as 10°, where B is the
slope of the log [Co] vs. nitrogen isotope (5"°N) regression (Nfon et al. 2009). In this case, B was reported to be -0.03,
with statistical significance (p<0.05). From the equation provided by Nfon et al. (2009), this corresponds to a TMF value of
0.93. The r? value for this regression was 0.04.

% Study reported contradictory results: a positive and a negative relationship were observed between cobalt concentration
in the organism and trophic level. The TMFs were calculated according to Nfon et al. 2009. B was reported to be 0.16,
with statistical significance (p<0.01, r* = 0.15) for deep-water fish whereas B = -0.15 for all deep-water species (p<0.05, r2
= 0.50). The corresponding TMF values were respectively 1.45 and 0.71.

6.4 Potential for Bioaccumulation summary

To summarize, there are several lines of evidence to suggest that the
bioaccumulation potential of cobalt in natural ecosystems is relatively low. While
certain toxicity modifying factors may affect its uptake, cobalt is an essential
micronutrient and as such, certain forms are readily bioavailable to organisms.
Nevertheless, low BAFs have been reported in eight laboratory (steady state)
studies and four field studies; five BSAF-sediment values have been found to be
low (<1); and, four average BSAF-soil values have been reported to be low (<1).
In addition, results from six field investigations plus two laboratory studies
indicate the absence of biomagnification of cobalt in natural food webs. Finally,
cobalt is an essential micro-nutrient which is expected to be regulated to some
extent by many organisms. It should to be noted that cobalt uptake could still
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lead to internal levels causing harm to sensitive species (e.g., Hyalella azteca) at
body concentrations higher than required for essentiality (Norwood et al. 2007).

7 Ecological effects

7.1 Aquatic organisms
7.1.1 Freshwater

There is experimental evidence that cobalt causes harm to aquatic freshwater
organisms following short-term (acute) and longer-term (chronic) exposure at
very low concentrations. Many empirical data are available in the literature for
acute and chronic toxicity of cobalt chloride, cobalt sulfate and other soluble
cobalt compounds. Since these compounds all lead to the formation of potentially
bioavailable dissolved cobalt species, in particular the free ion Co?*, all data from
reliable chronic studies that were conducted with such compounds were
considered in order to derive a critical toxicity value (CTV). The CTV is a
guantitative expression of a low toxic effect (e.g., ICys) that relates to the most
sensitive toxicity endpoint for receptor organisms in the medium of interest.
Robust Study Summaries (RSS) were completed for all studies from which the
toxicity data were used to derive a CTV. These RSS are available upon request.

Reliable acute studies were identified for 15 species including 12 invertebrate
species and three fish species. Toxicity values range from 16 to 585 800 pg/L as
dissolved cobalt (Nautilus Environmental 2009). Individual data for these studies
are neither included nor further discussed in this assessment since they are not
used to derive a CTV.

Chronic data are of greater relevance than acute data in this assessment
because they are a more sensitive indicator of potential for harm from long-term
exposures, which are most likely to occur. Releases to the environment from
sectors considered in this assessment are on-going or chronic. Acute toxicity
scenarios are typically used for intermittent releases or spills which were not
needed or considered in this assessment. Tables D-1, D-2 and D-3 (Appendix D)
summarize reliable chronic aquatic toxicity data for cobalt to freshwater
organisms. Thirteen species were identified including 3 fish species, 6
invertebrate species and 4 plant/algae species. Toxicity values affecting survival
growth or reproduction, range from 348 to 2171 ug/L for fish, from 0.76 to 167
Mg/L for invertebrates and from 4.9 to 1120 ug/L for plants and algae. It should
be noted that concentrations in the studies cited are expressed in micrograms of
cobalt per litre (ug Co/L). Therefore, the CTV derived from these data is for
dissolved cobalt rather than for the compounds tested (e.g., CoCl,). According to
these studies, invertebrates is the most sensitive taxonomic group to cobalt
followed by algae/plants and fish. The biological diversity and the stability of the
food chain may be adversely affected by cobalt. For instance, considering many
fish species feed on invertebrates, reductions in the quality and the quantity of
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this food source may have negative indirect impacts on fish (e.g., reduced
growth) even at lower cobalt concentrations than where direct chronic effects are
known to occur (see Tables D-1 and D-2). Some studies showed that these
indirect effects of metal exposure to fish are indeed possible and can occur
(Rasmussen et al. 2008; Sherwood et al. 2002).

7.1.2 Deriving predicted no-effect concentration (PNEC) using
hardness as a modifying factor

As indicated in the Bioavailability section of this report, hardness appears to be
the key toxicity modifying factor for cobalt among the various water quality
parameters that could potentially influence metal uptake and toxicity. To
guantitatively assess the influence of hardness on cobalt toxicity, log-log or In-In
linear regressions can be used to characterise hardness-toxicity relationships
(Stephan et al. 1985; US EPA 1987; Zajdlik and associates 2009). The standard
methods used here to examine such relationships are well described by Stephan
et al. (1985). Toxicity values for different species are plotted against all the water
hardness values used in the bioassays to get a regression line for each species.
Then, an analysis of covariance is performed to examine statistical differences
between the species slopes, and, where none exists, to produce a pooled slope
giving an all-species estimate of the relationship between hardness and toxicity.

Reliable data from two species were available to assess this relationship for
cobalt in the present assessment. Ceriodaphnia dubia neonates were exposed
for 7 days in nine water calcium concentrations with increasing levels of water
hardness from 52 to 396 mg/L while keeping all other factors constant
(Parametrix 2010b). The effect of cobalt on reproduction was assessed and
toxicity values (ECags) calculated. The regression line slope was 0.28 and its R?
coefficient was 0.50. Larval Fathead minnow (Pimephales promelas) were
exposed for 7 days in four water calcium concentrations corresponding to
increases in water hardness from 52 to 356 mg/L while also keeping all other
factors constant (Parametrix 2010c). The effect of cobalt on growth was
assessed and ECys calculated. The regression line slope was 0.69 and its R?
coefficient was 0.83. The covariance analysis showed there was no difference
between the two slopes (p> 0.05), therefore they have been pooled. The pooled
slope value is 0.41 with a R? coefficient of 0.98 and is significantly different from
zero (p< 0.05). These analyses were performed using SYSTAT 13 (SYSTAT
2013).

To best compare cobalt toxicity data from the different studies presented in
Tables D-1, D-2 and D-3 (Appendix D), original values were standardized to a
common hardness, using a statistically significant pooled hardness-toxicity slope
that has been derived (0.41). To minimize interpolation corrections, the hardness
chosen (100 mg/L as CaCOj3) was close to the central tendency of the
distribution of original hardness values. The original hardness values that were
below 52 mg/L, were corrected to 52 mg/L instead of 100 mg/L, again to
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minimize the extrapolation correction that is outside the slope range for which the
pooled slope was calculated. The corrected values are presented between
brackets in Tables D-1, D-2 and D-3 (Appendix D).

Toxicity data used as input in a species sensitivity distribution (SSD) may be
normalized for the effects of pH, ionic strength and hardness, and dissolved
organic carbon depending on assessment needs (Vangheluwe et al. 2007). As
such, a SSD was developed using the chronic toxicity data corrected for
hardness (52 and 100 mg/L as CaCOs3) shown in Tables D-1, D-2 and D-3
(Appendix D), for a total of 13 species: three fish, six invertebrates and four
aquatic plant/algae species (Figure 7-1). When more than one value for an
endpoint was available for a single species, the value to be used in the SSD was
chosen following guidance from the Canadian Council of Ministers of the
Environment (CCME 2007). For instance, when test conditions and parameters
are similar among studies (e.g., endpoint, duration, pH, hardness, etc.), the
geometric mean of the toxicity values may be calculated and used in the SSD.
Otherwise, the lowest toxicity value for a given species is selected. While a
geometric mean was calculated for a set of Hyalella azteca data, the lowest
value was selected in all other cases for inclusion in the SSD (Appendix D).

1.0 ¢
09 F
08 F

07 F

06 F
Mormal Model

05 F [ Confidence Limits

------- HC5=1.02 pg/L
W Fish

03 } @ Invertebrate

A Plant

04 F

Proportion of Species Affected

02 F

01 F

0.0
0.1 1 10 100 1000 10000 100000 1000000

Concentration (ug Co/L)

Figure 7-1. Species sensitivity distribution (SSD) for cobalt based on
hardness-corrected (100 mg/L CaCOg3) chronic toxicity data for freshwater
organisms. The Normal model fit to data is shown on the graph along with
the 95% confidence intervals.

The software SSD Master v3.0 (SSD Master 2010) was used to plot the SSD

shown in Figure 7-1. Several cumulative distribution functions (CDFs) (Normal,
Logistic, Extreme Value, and Gumbell) were fit to the data using regression
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methods. Model fit was assessed using statistical and graphical techniques. The
best model was selected based on consideration of goodness-of-fit and model
feasibility. Model assumptions were verified graphically and with statistical tests.
The Normal model provided the best fit of the models tested upon visual
inspection, lowest levels of statistical variability (residuals), even distribution of
the residuals, lowest normalized confidence interval spread and best significance
of the Anderson-Darling Statistic test (A?) = 0.384 (p< 0.05). The 5 percentile
(HCs), i.e., hazardous concentration to 5% of species, of the SSD plot is 1.02
Mg/L with lower and upper confidence limits of 0.51 and 2.03 ug/L, respectively.

The HCs of 1.02 ug/L calculated from the SSD is selected as the CTV for aquatic
freshwater organisms at a hardness of 100 mg/L. The value is not likely below
essential requirements considering that it is well above the 50™ percentile of
concentrations of minimally impacted areas that range from 0.04-0.16 pg/L (see
Table 8-1, in section 8.1). In addition, since this value is based on a chronic SSD
that covers multiple species and taxa, an assessment factor was not used to
derive the predicted no-effect concentration (PNEC) for freshwater organisms.
Hence, the PNEC is equivalent to the CTV. Because water hardness protects
freshwater aquatic organisms from cobalt toxicity, it is preferable to have a PNEC
value that can be adjusted on a site-specific basis depending on the hardness of
the water at the location of interest. The long-term PNEC equation is based on
the chronic or long-term toxicity-hardness relationship slope value of 0.414 that
was calculated above. This slope represents the relationship between the natural
logarithm of cobalt concentration (y-axis) and the natural logarithm of water
hardness (x-axis). Because the slope of this line is known (0.41), as well as the
X,y co-ordinates of one point on this line (In(100), In(1.02)), we can determine the
general equation describing this line by solving for the y-intercept. If the equation
In(y) = m:In(x) + b is rearranged to solve for b (i.e., the y-intercept), the following
result is obtained:

y-intercept (b) = In (5" percentile) - [slope - In(hardness)]
=In (1.02) - [0.414 - In(100)]
=-1.887

Therefore, the resulting hardness-dependent equation to derive the long-term or
chronic PNEC for toxicity to freshwater organisms is

PNEC — e{0.414[In(hardness)] -1.887}

where the PNEC is in pg/L and hardness is measured as CaCOj3; equivalents in
mg/L. The PNEC should not be extrapolated outside the range of hardness for
which the slope was developed (52-396 mg/L). Therefore, based on the equation,
the minimum PNEC is 0.78 pg/L and the maximum is 1.80 pg/L for hardness
levels of 52 and 396 mg/L, respectively. This PNEC range is lower than the non-
adjusted PNEC (2.5 pg/L) previously determined in the screening assessment of
elemental cobalt, cobalt chloride and two cobalt sulphate substances conducted
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under the Challenge Initiative of the CMP (Environment Canada, Health Canada
2011a) and in the Canadian Federal Environmental Quality Guideline for Cobalt
(Environment Canada 2013a). Due to advancements in the SSD Master
software, a new model has been selected as the best fitting (Normal model
instead of the Weibull model) to derive the HCs and results in a significantly lower
HCs value. In addition, the consideration of hardness as a modifying factor
further increases the difference at low hardness.

7.1.3 Other factors of less potential influence

The pH of the water used in the toxicity tests ranged from 6.5 to 8.5; Table D-1,
D-2 and D-3 (Appendix D), which is very similar to representative Canadian
waters (6.4 to 8.6; data not shown, ECCC 2016a). In addition, this factor has a
low influence on cobalt effects to freshwater organisms as stated in the
bioavailability section above. Also mentioned in this section, studies on the
influence of DOM on toxicity show mixed and inconclusive results for cobalt. For
these reasons, these two modifying factors were not integrated in correction
equations for this assessment.

7.2 Benthic organisms
7.2.1 Freshwater

There is limited experimental evidence that cobalt causes harm to freshwater
benthic (sediment-dwelling) organisms following long-term (chronic) exposure at
relatively low concentrations. Only two studies were found in the literature for
chronic toxicity of cobalt (using cobalt chloride) and no data were found for
short-term (acute) toxicity. The focus is on chronic toxicity since exposure to
cobalt in sediments is expected to be long term. Robust Study Summaries (RSS)
were completed for these studies from which the toxicity data were used to
derive a CTV. These RSS are available upon request.

Reliable chronic studies were identified for six invertebrate species. Hyallela
azteca, Ephoron virgo, Chironomus riparius, Gammarus pulex, Tubifex tubifex
and Lumbriculus variegatus were exposed to cobalt applied to the sediment
phase in a laboratory sediment-water system for 28 days (Nguyen et al., 2009a;
Nguyen et al., 2009b). Natural uncontaminated sediments were spiked with
cobalt concentrations ranging from 32 to 5600 mg/kg dry sediment and were
equilibrated for 35 days before the initiation of the tests. Cobalt chloride was
used as it is a highly soluble cobalt compound that leads to the presence of
bioavailable dissolved cobalt species in sediment pore water, in particular the
free ion Co?'. The effects of cobalt on growth, emergence, survival or
reproduction were assessed and toxicity values (ECips) calculated. The values
ranged from 86 to >2170 mg of total Co/kg sediment dw and are summarized in
Table D-4 (Appendix D).
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A SSD was developed using the chronic toxicity data shown in Table D-4
(Appendix D) for a total of six invertebrate species (Figure 7-2). It is documented
that the toxicity of metals in sediments depends on many factors (e.g., presence
of sulfides, pH) as mentioned in the bioavailability section. As a result, toxicity
data used as input in a SSD may be normalized for some of these factors
depending on assessment needs. However, this was not done for this SSD as all
the bioassays were performed under the same conditions and using the same
sediments, thus offering the same bioavailability characteristics.
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Figure 7-2. Species sensitivity distribution (SSD) for cobalt based on
chronic toxicity data for freshwater benthic organisms. The Gumbel model
fit to data is shown on the graph along with the 95% confidence intervals.

The software SSD Master v3.0 (SSD Master 2010) was used to plot the SSD
shown in Figure 7-2. Several cumulative distribution functions (CDFs) (Normal,
Logistic, Extreme Value and Gumbell) were fit to the data using regression
methods. Model fit was assessed using statistical and graphical techniques. The
best model was selected based on consideration of goodness-of-fit and model
feasibility. Model assumptions were verified graphically and with statistical tests.
The Gumbell model provided the best fit of the models tested upon visual
inspection, lowest level of statistical variability (residuals), even distribution of the
residuals, lowest normalized confidence interval spread and best significance of
the Anderson-Darling Statistic test (A%) = 0.284 (p< 0.05) . The 5" percentile
(HCs), i.e., hazardous concentration to 5% of species, of the SSD plot is 50.1 mg
Co/kg with lower and upper confidence limits of 22.2 and 113.4 mg Co/kg,
respectively.
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The HCs of 50.1 mg Co/kg calculated from the SSD is selected as the CTV for
freshwater benthic organisms. Since this value is based on a chronic SSD that
only covers a low (6) number of species, an assessment factor (AF) of 3 was
used to account for intraspecies and interspecies variability in sensitivity. A
higher assessment factor was not deemed necessary since Hyallela azteca was
also tested for this medium and is the most sensitive species among the pelagic
species tested. Therefore, it could also be one of the most sensitive species for
the sediments compartment. In addition, a higher application factor would result
in a PNEC in the range of background cobalt concentrations. Consequently, the
PNEC for toxicity to freshwater benthic organisms is 16.7 mg Co/kg dry wt.
(PNEC = CTV/AF = 50.1/3).

7.2.2 Toxicity modifying factors

The current level of science for cobalt does not allow the correction of toxicity by
modifying factor for sediments; therefore, the PNEC is generic. Nickel toxicity in
sediments has been observed to vary at most by a factor of 5 (EURAR 2008) and
can serve as a basis for comparison at this time for cobalt which has a similar
chemistry to that of nickel (2013 personal communication from William
Stubblefield from Oregon State University to Ecological Assessment Division,
Environment Canada; unreferenced).

7.3 Terrestrial organisms

Many empirical data are available on the chronic toxicity of soluble cobalt
compounds to terrestrial organisms such as plants and invertebrates. The focus
in this document is on chronic toxicity since exposure to cobalt in soil is expected
to be long term. As with the approach taken for the aquatic toxicity data, all data
from reliable chronic studies for soil organisms were considered together since
the soluble cobalt compounds used in these studies all lead to the presence of
bioavailable dissolved cobalt species in soil pore water, in particular the free ion
Co?*. The bioavailability of these species will vary from one test to the other,
depending on the characteristics of the soil tested. The data were then used to
derive a CTV. RSS were completed for all toxicity studies used to derive this CTV
and are available upon request.

Chronic data are of greater relevance than acute data in this assessment
because they are a more sensitive indicator of potential for harm from long-term
exposures, most likely to occur. Reliable chronic data were identified for 11
species including seven plant species and four invertebrate species. In addition,
cobalt toxicity to soil microorganisms was considered by including three key soill
biochemical processes. The species were exposed to varying concentrations of
cobalt in different types of European and North American soils. Toxicity values
range from 6.3 to 2213 mg of total Co/kg soil dw (Tables D-5, D-6 and D-7,
Appendix D).
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7.3.1 Toxicity modifying factors

Available toxicity data demonstrate that for many terrestrial species, the range of
effects in soils, expressed as the total cobalt concentration, vary across a very
wide range (up to over 100 fold). This variation is mainly attributable to the
differences in bioavailability of cobalt in different types of soils but also to intra-
species variability due to the type of endpoint tested (e.g., radish, Table D-5,
appendix D). Taking these differences into consideration is critical in
characterizing effects and risk of cobalt in soils.

7.3.2 Ageing and leaching

It has been shown that freshly spiked soils with metal salts show greater
bioavailability that result in greater toxicity than in field-collected soils that have
been contaminated with metals progressively and over long periods where
ageing processes have occurred (Redeker et al. 2008). Indeed, ageing will
remove metals from the soil solution to the solid phases (on their surfaces and/or
deeper inside) with time through various mechanisms (McLaughlin, 2001;
Smolders et al. 2007) rendering them less bioavailable. At the same time,
leaching, i.e. the loss of metals to lower soil horizons and groundwater by
migration (Degryse et al. 2009), can lower the ionic strength and hence lower the
toxicity in higher soil horizons (Redeker et al. 2008).

Soil properties (pH, % organic carbon, % clay, CEC)

The most important factors modifying the bioavailability of cobalt in soils include
pH, organic carbon and clay content (ICMM 2007a). The cationic exchange
capacity (CEC), which is defined by the total capacity of the soil to retain or bind
cations, best integrates the variations of the factors mentioned previously
(Redeker et al. 2008). The higher the CEC, the lower the bioavailable dissolved
cobalt concentration will be in the pore water and vice-versa.

These toxicity modifying factors will determine the amount and type of metal
species available for uptake and the resulting possible toxic response and/or
bioaccumulation for plants, invertebrates, and soil microorganisms (ICMM
2007a).

7.3.3 Data transformation
In the EU report on Cobalt (CoRC 2012) raw toxicity data was transformed and
normalized to account for the bioavailability of cobalt in soils (i.e. calculate a

PNEC specific to a particular soil). Figure 7-3 shows the step by step approach
used in that procedure.
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Figure 7-3. General approach used for the incorporation of Co
bioavailability in soils (adapted from CoRC, 2012)".

1: EC1o™®: the total concentration of a substance that is estimated to cause some effect on 10% of the test organisms;
ED1o*™: the added dose of a substance that is estimated to cause some effect on 10% of the test organisms; L/A:
Leaching /Ageing; CEC: Cationic Exchange Capacity; HC5: Hazardous concentration to 5% (5" percentile) of the species;
SSD: Species Sensitivity Distribution.

In the first step, all reliable EC10/NOECs‘°ta' are selected from the literature
(Tables D-.5, D-6 and D-.7, Appendix D). In the second step, the background
concentration of cobalt found in the control soil is subtracted from the “total”
reported toxicity value to obtain the “added” concentration. The third step
involves the correction for the difference in Co bioavailability between laboratory
conditions (Co freshly added as soluble salts) and field conditions, through
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application of a leaching-ageing factor (L/A factor). Because the background
concentration is assumed to be already aged, the correction only applies to the
“added” fraction. In step 4, the background is added back to get the “total” and
“aged” concentration. The next step, (5) includes the correction of values
according to the specific soil abiotic properties of a given site that affect cobalt
toxicity. The normalization is based on the slopes of the organism specific
regressions models involving CEC. In step 6, the corrected data are aggregated
(e.g., take the lowest effect endpoint, apply geometric mean for the same
endpoint for the same species) in order to get one value per species or microbial
process for the soil of interest. Finally, in step 7 the SSD is drawn to determine
the HCs which is selected as the CTV for soil organisms. The CTV value is based
on a chronic SSD that covers multiple species and taxa representing well the
trophic levels of terrestrial organisms. However, a small assessment factor of 2
was used to derive the PNEC for soil organisms since there were no
field/microcosm data available to evaluate the laboratory to field extrapolation
(CoRC 2012). Hence, the PNEC is equivalent to the CTV/2. Soil PNECs are
specific to each soil of interest. The soil PNEC calculator, an Excel-based
software developed by ARCHE Consulting (2012), includes all of the data above
and equations that account for modifying factors to calculate the PNEC (from the
SSD) and risk quotients for a certain number of metals including cobalt in
different types of soils. The user inputs the total concentration of cobalt and the
CEC in the soil of interest to generate a PNEC result. This tool was used for this
assessment to calculate site specific PNECs in the characterization of ecological
risks section (details presented in ECCC 2016c¢). The quantification of the
specific soil toxicity modifying factors (i.e. ageing, pH and leaching) including the
data and equations considered are available in ECCC (2016c).
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8 Ecological Exposure Assessment
8.1 Ambient/background concentrations

Concentrations of dissolved or total cobalt measured in water bodies across
Canada are summarized in Table 8-1. While some of the high concentrations
may be related to the contribution from point-source anthropogenic releases,
concentrations up to the 50" percentile should be representative of the regional
biogeochemical background concentration (ICMM 2007b). These data were
collected between 2009 and 2012 as part of Environment Canada’s Monitoring
and Surveillance Program under the CMP (Environment Canada 2013c).

Table 8-1: Concentrations of cobalt in surface waters of minimally impacted
areas of Canada

Concentration )

. Median

Location range (Lg/L) Reference
(Mg/L)
Pacific and Yukon 0.002 to 64 0.038 Environment Canada
Region (dissolved) ' 2013b, 2013c
Prairie and Northern 0.014 to 0.49 0.061 Environment Canada
Region (dissolved) ' 2013c
Ontario Region 0.004t0 2.4 0.09 Environment Canada
(Hudson’s Bay) (dissolved) ' 2013c
Ontario Region (Erie- 0.002to 1.1 0.04 Environment Canada
Superior-Ontario) (total) ' 2013c
. 0.02t02.3 Environment Canada

Quebec Region (total) 0.16 2013¢c

. ) 0.007 to 3.9 Environment Canada
Atlantic Region (total) 0.083 2013c

8.2 Deriving environmental concentrations from anthropogenic
activities

Exposure scenarios were developed for the various activities that may represent
significant sources of release of cobalt or cobalt-containing substances to the
environment. These scenarios are presented in this section and are split by
industrial/commercial sectors. For each scenario, a predicted environmental
concentration (PEC) is estimated in order to assess exposure to cobalt for
ecological receptors. Depending on the environmental media to which releases
of cobalt-containing substances are expected to occur, PECs are estimated for
surface water, sediments and/or soil. PECs for air were not developed since
cobalt-containing substances are usually not volatile under normal conditions and
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since most cobalt forms travelling in this compartment are expected to be in the
form of particulate matter that will ultimately deposit on soil or water bodies.

8.2.1 Exposure based on measured environmental concentrations

When available, adequate data on measured concentrations of cobalt in relevant
environmental media were used to estimate PECs as they provide evidence for
exposure of organisms in Canada. The adequacy of measured environmental
concentrations was assessed considering factors such as the distance between
sampling sites and the source of release, the year the samples were collected,
and the analytical method used. Also, when data were available for both total and
dissolved cobalt concentrations in water, only dissolved concentrations were
considered since they comprise the fraction of cobalt that is likely bioavailable.
When it was not specified whether concentrations were reported for total or
dissolved cobalt, it was assumed that concentrations were dissolved in order to
be conservative (i.e. assuming high bioavailability).

8.2.2 Exposure based on modeled environmental concentrations

When data on measured concentrations of cobalt were inadequate or not
available, models were used to estimate PECs. These PECs were determined
based on a tiered approach, i.e. using conservative assumptions for the first
calculations and then refining these assumptions as needed (i.e. where a
concern is identified) to increase the level of realism of the scenario.

For certain industrial sectors, the main medium of potential environmental
concern is surface water. This is because substances are expected to be
primarily released through wastewater systems for these sectors. For these
sectors, an estimated aquatic concentration (EAC) was calculated for each site
that may release cobalt in wastewater.

EACs for surface water near the discharge point of a wastewater system were
estimated using the following generic aquatic equation:

6
EAC=10 xQxLx(1-R)
NxFxD

Where

EAC: estimated aquatic concentration resulting from industrial releases, ug Co/L
Q: total substance(s) quantity used annually at an industrial site, kg Colyr
L: loss to wastewater, fraction

R: wastewater treatment system removal rate (on-site and/or off-site),
fraction

N: number of annual release days, d/yr

F: wastewater treatment system effluent flow, m®d
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D: receiving water dilution factor, dimensionless
8.2.2.1 Quantity used (Q)

This value is based on the yearly quantities reported in response to the section
71 notice surveys. Occasionally, where a company did not report a quantity in
response to a section 71 notice survey but had reported releases of cobalt to the
NPRI, a quantity of 10 tonnes is presumed as being manufactured, processed or
otherwise used (MPO) since this is the threshold reporting requirement for the
NPRI. It is important to note that all data used in the calculations are for cobalt-
converted values based on the ratio of molecular cobalt for the particular
substances reported.

8.2.2.2 Loss to wastewater (L)

This value is usually calculated based on the cobalt released to a facility’s waste
water divided by the total quantity of cobalt used or manufactured at the facility.
When this information is not available, a generic value is taken from emission
scenario documents.

8.2.2.3 Wastewater treatment system removal rate (R)

The removal rate for off-site wastewater treatment is based on the type of
treatment used at the WWTP to which the industrial facilities are connected. A
median removal rate of 27% for primary treatment and of 62% for secondary
treatment was selected based on measured concentrations of total cobalt in the
influent and effluent of 11 publicly owned WWTPs located across Canada (two
plants with primary treatment and nine plants with secondary treatment). These
data are based on samples that were collected each summer and winter, from
2009 to 2012 (Environment Canada 2013c). This monitoring program was
conducted under the Chemicals Management Plan. Sixteen other publicly owned
WWTPs were also sampled as part of this program for which cobalt
concentrations in the influent and effluent were below the detection limit of 6
ng/L. A removal rate of 90% for on-site wastewater treatment was selected for
one facility where an ion exchange treatment is used.

8.2.2.4 Number of release days (N)

The number of days of release is based on the days of operation for each facility
on a case-by-case basis. It is assumed that cobalt-containing substances are
used and released every day of operation.

8.2.2.5 Wastewater treatment system effluent flow (F)

For off-site wastewater treatment, the wastewater treatment system effluent flow
is the effluent flow of the WWTP into the receiving water that receives
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wastewater from industrial facilities. This information is available in an internal
database used by Environment and Climate Change Canada.

8.2.2.6 Receiving water dilution factor (D)

Assuming an instantaneous dilution of the effluent, the dilution factor of a
receiving water course was calculated by dividing the flow of either the facility
effluent (in case of direct discharge to a water course) or the WWTP effluent
(connected to the facility) by the 10" percentile of the annual distribution of the
flow of the receiving water course. When this dilution factor was greater than 10,
a maximum default value of 10 was used. A dilution factor of 10 was also used
for those releases that occur in a lake, bay or basin. This maximum dilution factor
represents exposures in the receiving watercourses near the discharge point of
the effluent. This is based on the assumption that full dilution does not occur
immediately upon release to large waterbodies.

8.2.2.7 Survey data on manufacture, import and uses

When estimating release and exposure associated with individual substances,
the extent of detail in survey data was variable leading to some uncertainty (see
section 4.4). However, for those substances of higher volume (e.g., elemental
cobalt, cobalt sulfate, cobalt hydroxide and cobalt chloride), detailed survey data
was available that provided information for major sources accounting for most of
the use quantities.

8.2.3 Consideration of ambient/background concentrations

Whether PECs were based on measured or modeled data, the ambient and
biogeochemical background concentrations of cobalt in water, sediments or soil
were taken into account in order to assess total exposure to cobalt. To simplify
referring to these two types of concentrations, the term “background
concentration” is used through the rest of this assessment report. When data
were modeled for releases to surface water, the PEC for a particular site was
obtained by adding the median (50™ percentile) background concentration of
cobalt in water to the EAC (i.e., PEC = EAC + median background
concentration). As a conservative approach, the highest median background
concentration (0.16 pg/L, Table 8-1) was used. In cases where a concern was
identified, the background concentration was refined using site- or area-specific
data, when available, geochemically relevant to the site receiving releases. Given
that organisms in aquatic ecosystems are exposed to both anthropogenic and
natural sources of cobalt, their total exposure to this metal is captured in the
PEC. When measured data were used to assess exposure, the background
concentration of cobalt was not added since it is already reflected in the
measurement, which represents the total exposure of organisms to cobalt.
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However, whenever possible, measured data in areas most likely impacted by
anthropogenic releases of cobalt were compared to measured data from a similar
area but in a zone likely not affected by anthropogenic releases (i.e., a reference
site). This allowed an estimation of the proportion of cobalt exposure attributable
to natural sources. Exposure for soil and benthic organisms was only based on
measured data so the approach of adding a background concentration to a
modeled concentration for a given release was not used.

8.3 Sector-specific exposure scenarios

8.3.1 Rubber

Cobalt propionate (CAS RN 1560-69-6), cobalt borate neodecanoate (CAS RN
68457-13-6), cobalt naphthenate (CAS RN 61789-51-3) and cobalt
neodecanoate (CAS RN 27253-31-2) have been reported to be used as metal to
rubber adhesion promoters (Environment Canada 2012a and 2009a, NPRI
1995). These substances are added during the compounding of rubber that is to
be in contact with metal components. The formulation and processing lifecycle
stages in the rubber industry are dry processes. However, incidental emissions to
water could occur as a result of floor scrubbing, equipment washing/blowdown or
compounds cooling (ETRMA 2010). Companies that reported using cobalt-
containing substances for this use were mainly tire manufacturers. One company
reported being involved in rubber compounding. Exposure scenarios were
developed for both uses. A scenario for the release of cobalt from tire wear
during service life was not considered because cobalt compounds are not added
to the tread (Kreider et al. 2010).

Estimated aquatic concentrations (EACs) were calculated for four facilities in the
rubber sector using the equation described in section 8.2.2. These EACs range
from 0.0084 to 0.55 pg Co/L (Table 8-2). Additional details on how these values
were obtained are available in ECCC (2016d).

8.3.2 Chemical manufacturing/Manufacture and use of catalysts

Cobalt(ll) hydroxide (CAS RN 21041-93-0) and cobalt oxide (CAS RN 1307-96-6)
were reported to be imported in Canada in 2008 and/or 2011 for the manufacture
and use of hydrotreatment catalysts for the removal of sulfur from feedstocks
(Environment Canada 2009a and 2012a). During the manufacturing of these
cobalt-containing substances, aqueous releases of cobalt are expected to occur
during the filtration and washing of the precipitated material.

The mixture containing a hydrate of cobalt acetate (CAS RN 6147-53-1) that had
been reported to be imported in Canada for use as a homogenous catalyst
(Environment Canada 2012a) is reported to be no longer used by the facility. It
has been replaced by another cobalt-containing catalyst for which restrictions on
environmental releases are in place.
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Exposure scenarios were developed for the use of cobalt hydroxide and cobalt
oxide in the chemical sector and in the manufacture and/or use of catalysts.
EACs were calculated for two sites using the equation described in the section
“Exposure based on modeled environmental concentrations”. These EACs range
from 0.02 to 0.08 pug Co/L (Table 8-2). Additional details on how these values
were calculated are available in ECCC (2016d). A scenario for the use of
hydrotreatment catalysts was not developed because, in this process, cobalt is
fixated on a solid support (e.g., alumina) and is likely not released from the
catalyst (ATSDR 2004). However, a scenario pertaining to metal recovery from
spent hydrotreatment catalysts was developed since this activity was reported to
take place in Canada (Environment Canada 2012a). A scenario for the
regeneration/rejuvenation of spent hydrotreatment catalysts was not developed
because this activity is mostly done outside Canada (NPRI 1995).

Cobalt stearate (CAS RN 13586-84-0), cobalt (II) hydroxide (CAS RN 21041-93-
0), cobalt (Il) 2-ethylhexanoate (CAS RN 136-52-7), cobalt neodecanoate (CAS
RN 27253-31-2) and cobalt naphthenate (CAS RN 61789-51-3) have been
reported to be manufactured by two companies in Canada (Environment Canada
2009a and 2012a). These cobalt-containing substances are then used for either
manufacturing rechargeable batteries, as metal to rubber adhesion promoters or
as additives in paints and coatings. During the manufacturing of the cobalt
compounds, aqueous releases of cobalt are expected to arise during the filtration
and washing of the precipitated material.

Exposure scenarios were developed for the manufacture of these compounds.
EACs were calculated for two sites using the equation described in the section
“Exposure based on modeled environmental concentrations”. The EACs obtained
are 0.04 and 0.08 pg Co/L (Table 8-2). Additional details on how these two
values were calculated are available in ECCC (2016d). Scenarios for the
subsequent industrial use of these cobalt-containing substances in rubber and in
paints and coatings are described in other sections of this report. A scenario for
the manufacture of rechargeable batteries was not developed because no
imports or uses of cobalt-containing substances were reported for this activity in
Canada in response to the section 71 surveys for 2008 and 2011 (Environment
Canada 2009a and 2012a). Potential emissions of cobalt during battery recycling
for metal recovery are covered in another section of this report (Disposal and
waste management).

8.3.3 Paints and coatings

Cobalt(ll) 2-ethylhexanoate (CAS RN 136-52-7), cobalt neodecanoate (CAS RN
27253-31-2), cobalt(ll) hydroxide (CAS RN 21041-93-0) and cobalt naphthenate
(CAS RN 61789-51-3) have been reported to be used as driers in paints and
coatings by several companies (Environment Canada 2009a and 2012a).
Overall, the paints and coatings industry uses little process water. The only use
of process water is for cleaning of plant surfaces and the exterior of equipment.
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The main source of release will be during the wet cleaning of the plant floors and
equipments (OECD 2009).

EACs were calculated for this sector using the equation described in the section
“Exposure based on modeled environmental concentrations”. These EACs were
calculated for seven facilities and they range from 0.0001 to 0.004 pg Co/L
(Table 8-2). Additional details on how these values were obtained are available in
ECCC (2016d).

8.3.4 Plastic

Cobalt neodecanoate (CAS RN 27253-31-2), cobalt(ll) hydroxide (CAS RN
21041-93-0) and cobalt naphthenate (CAS RN 61789-51-3) have been reported
to be used as promoters/accelerators for the curing of polyester resins for fibre-
reinforced plastic (Environment Canada 2012a).

EACs were calculated for two facilities using the equation described in the
section “Exposure based on modeled environmental concentrations”. The values
obtained are 0.0001 and 0.002 pg Co/L (Table 8-2). Additional details on how
these values were obtained are available in ECCC (2016d).

8.3.5 Fertilizers

Cobalt oxide (CAS RN 1307-96-6) has been reported to be imported for use as a
catalyst by a fertilizer manufacturer in 2008 (Environment Canada 2009a). An
exposure scenario for this use was not developed because cobalt is likely not
released from the catalyst during its use (see section above on Chemical
manufacturing). However, cobalt is naturally present in the ore used to produce
fertilizers (UNIDO and IFDC 1998). Hence, an exposure scenario was developed
to assess releases of cobalt by the fertilizer manufacturer.

Even though only one facility was included in the exposure scenario, two EACs
were estimated since the facility has two different points of discharge. The EACs
obtained are 0.11 and 0.54 pug Co/L (Table 8-2). Additional details on how these
values were calculated are available in ECCC (2016d).

8.3.6 Animal feed manufacturing

Cobalt(ll) carbonate (CAS RN 513-79-1) and cobalt hydroxide carbonate (CAS
RN 12602-23-2) have been reported to be used as additive in animal feed
(Environment Canada 2009a and 2012a). Among the companies that have
reported this activity, only one is actually using cobalt(ll) carbonate to
manufacture feed in Canada. An exposure scenario was developed for this use
to assess releases to water. An EAC of 0.33 ug Co/L was calculated (Table 8-2).
Additional details on how this value was calculated are available in ECCC
(2016d).
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Seven facilities that manufacture animal feed reported to the NPRI releases of
837 kg of cobalt to air for 2011 (NPRI 1995). The highest releases from an
individual facility were reported as 335 kg. These releases could translate into
elevated concentrations of cobalt in soil surrounding this facility. However, a
follow-up with the facility indicated that the quantity of cobalt had mistakenly been
reported as being released while it was actually being used by the facility. While
the actual quantity released is expected to be much lower, no revised
guantitative estimate was provided and the facilities have since changed
ownership.

8.3.7 Alloy and superalloy manufacturing

Elemental cobalt (CAS RN 7440-48-4) was reported to be used by one alloy and
superalloy manufacturer in Canada (excluding ferro-alloys) (Environment Canada
2010a). Elemental cobalt is predominantly used as a component in alloys and
carbides for applications requiring high strength and temperature resistance
(Donaldson and Beyersmann 2005). The manufacturing process of alloys and
superalloys may release cobalt to water. An EAC of 0.031 pg Co/L was
calculated for this activity (Table 8-2). Additional details on how this value was
calculated are available in ECCC (2016d).

Automobile manufacturers use cobalt alloys for certain motor parts (CDI 2006).
Welding activities may result in significant releases of cobalt oxides and
elemental cobalt dusts to air. One facility from the motor vehicle parts
manufacturing sector reported significant releases of cobalt to air to the NPRI.
Between 2007 and 2011, this company reported average releases of 706 kg of
cobalt and its compounds to air with a maximum of 1281 kg in 2011 (NPRI 1995).

Table 8-2: Summary of estimated aquatic concentrations (EAC) ranges,
background and PEC ranges for substance-specific industrial exposure
scenarios

Use/Sector EAC Background PEC
(ug ColL) (ug Coll) (ug Coll)
Rubber 0.0084-0.55 0.01°-0.16 0.17-0.56
Manufacture or use of 0.02-0.08 0.16 0.18-0.24
catalysts
Manufacture of chemicals 0.04-0.08 0.16 0.20-0.24
Paints and Coatings 0.0001-0.004 0.16 0.16
Plastic (Polyester resin) 0.0001-0.002 0.16 0.16
Fertilizers 0.11-0.54" 0.16 0.26-0.70
Animal feed manufacturing 0.33 0.16 0.49
Alloy and Sl_JperaIon 0.031 0.12 0.13
manufacturing
Ba_se_ metals smelting and 0.15-11.3 0.12-0 52 0.95-11.7
refining
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1: transfer to publicly owned WWTP
2: site-specific background

8.3.8 Metal mining

Cobalt may be released into the environment as a result of mining and the
production of concentrates. Measured concentrations of cobalt in environmental
media in the vicinity of operating metal mines across Canada are available in a
variety of reports and databases (Table 8-3). Historical (abandoned or closed)
metal mines may be present on some of these sites or nearby. These
concentrations were used as Predicted Environmental Concentrations (PECs) for
risk characterization (see next chapter). Additional details about these data are
available in ECCC (2016d). Data are available for 41 locations (for water and/or
sediments), including 19 reference (often upstream) locations, 21 exposure
locations downstream of effluent discharge points and one location downstream
of a historical mining site. For those sites where concentrations are available
both upstream and downstream of an effluent discharge point, concentrations of
cobalt in water and sediments are higher at downstream locations in about half of
the cases (9 locations) indicating that some metal mining sites are likely
contributing to elevated concentrations of cobalt in water and sediments.

Table 8-3: Summary of measured concentrations of cobalt in the vicinity of
metal mines in Canada

Medium and PEC range Sampling References
units period
Water, reference Couillard et al. 2008,
areas <0.05t011.8 1995-2012 Environment Canada
(ug/L) 2013d
Water, exposure Evans 2000, Couillard et
areas 0.01to 42 1995-2012 al. 2008, Environment
(ua/L) Canada 2013d
Water
downstream
historical mining 0.08t0 176 2013 2013 pe_rso_nall
. communication

site (Aldermac)
(Ha/L)
Sediments, Environment Canada
reference areas 4.7 to 38 1995-2011

2013d
(mg/kg)
Sediments, Environment Canada
exposure areas 6.0to 64 1995-2011

2013d
(mg/kg)

1: from Landis Hare, Institut National de la Recherche Scientifique — Eau, Terre et Environnement (INRS-ETE), to
Ecological Assessment Division, Environment Canada; unreferenced
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8.3.9 Base metals smelting and refining

Canadian or imported ore concentrates that contain cobalt are processed in
smelters and refineries, with the recovery of cobalt as an intermediate product, a
residue or main product. Elemental cobalt (CAS RN 7440-48-4), cobalt sulfate
(CAS RN 10393-49-4), cobalt chloride (CAS RN 7646-79-9), cobalt(ll) hydroxide
(CAS RN 21041-93-0), cobalt sulfide (CAS RN 1317-42-6) and residues, cobalt-
refining (CAS RN 124222-15-7) were reported to be manufactured, imported
and/or used for or during nickel smelting and refining steps (processes)
(Environment Canada 2010a and 2012a).

Exposure scenarios were developed for the substances listed above and the
facilities that reported manufacturing or using them. These facilities vary
considerably due to their different processes and products. Hence, these facilities
will have varied levels of cobalt in their effluents. EACs were calculated for five
facilities using the equation described in the section “Exposure based on
modeled environmental concentrations”. The EACs obtained range from 0.15 to
11.3 pg Col/L (Table 8-2). Additional details on how these values were calculated
are available in ECCC (2016d). These EACs only consider liquid effluents that
would be discharged from smelters and refineries; releases that would occur
through atmospheric emissions are discussed later in this section. Also, it is
important to note that some smelters have combined effluents with mines. For
the purpose of calculating the EACs presented above, only emissions from
smelters and refineries were considered.

Additional scenarios were developed based on measured concentrations of
cobalt in the environment. Indeed, because cobalt may be present in the ore that
is mined and further processed, it may be emitted to the atmosphere from a
smelter or refinery stack as part of fine particulate matter. Measured
concentrations of cobalt in environmental media in the vicinity of smelters and
refineries across Canada are available in a variety of reports and databases
(Table 8-4). These concentrations were used as Predicted Environmental
Concentrations (PECSs) for risk characterization (see next chapter). These data
are for samples collected in the following areas: Rouyn-Noranda (QC), Cobalt
(ON), Port Colborne (ON), Sudbury (ON), Flin Flon (MB), Thompson (MB) and
Trail (BC). Additional details about these data are available in ECCC (2016d).

Data are available for 22 sites (for water, sediments and or/solil), including 14
exposure sites and 8 reference sites. Overall, these data indicate that some base
metals smelters and refineries are likely contributing to elevated concentrations
of cobalt in water, sediments and soil, following deposition of atmospheric
emissions. Cobalt concentrations in the vicinity of some of the smelters are
higher than local natural background concentrations (10 sites). The scarcity of
data for water for smelters is mainly due to the difficulty in finding data for water
bodies located in the vicinity of smelters and that are only affected by
atmospheric deposition and not by mining effluents and/or historical mines. The
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difference between the relatively low levels of cobalt in water versus the high
levels in sediments can be explained by the fact that metals in the water column
eventually settle to sediments. Indeed, concentrations in sediments reflect
several years of metal deposition, depending on sedimentation rate and depth.
Similarly, concentrations of cobalt in soil represent several years of deposition.

Table 8-4: Summary of measured concentrations of cobalt in the vicinity of
base metals smelters and refineries in Canada

Medium and | PEC range Sampling References
units period
\r’gf‘etghce 1996 6 SARA 2009, Intrinsik
0.015t0 0.058 Environmental Sciences Inc.
areas 2008
2010
(Hg/L)
Water, Keller et al. 2004, Szkokan-
exposure Emilson et al. 2014, Intrinsik
areas <0.05 to 60 1997-2012 Environmental Sciences Inc.
(ug/L) 2010, Geological Survey of
Canada 2001
Sediments, SARA 2009, Intrinsik
reference 1993 to . :
14 to 50 Environmental Sciences Inc.
areas 2008
2010
(mg/kg)
Sediments, SARA 2009, Intrinsik
exposure i Environmental Sciences Inc.
areas 110190 1993-2008 2010, Geological Survey of
(mg/kg) Canada 2001
Soil, OMOE 2004, Manitoba
reference Conservation 2003, Manitoba
areas 210 38 2001-2006 | Conservation 2007, Geological
(mg/kg) Survey of Canada and Teck
Cominco Metals Ltd 2001
Soil, OMOE 2004, Manitoba
exposure Conservation 2003, Intrinsik
areas Environmental Sciences Inc.
(mg/kg) 0510195 1 1998-2007 | 010 OMOE 2000, Intrinsik
Environmental Sciences Inc. et
al. 2011

Concentrations data were provided by the author.

8.3.10 Iron and steel

Combustion of fossil fuels by iron and steel mills along with the steel-making
process that takes place in furnaces may emit cobalt to air. These emissions
could translate into deposition of cobalt to land and water bodies that surround a
mill. Measured concentrations of cobalt in soil in the vicinity of iron and steel mills
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in Canada could not be found. However, given the low releases of cobalt to air
reported to the NPRI for this sector (30 kg/year), it is expected that deposition of
cobalt to soil would not be of concern for soil organisms. Similarly, deposition to
water bodies is expected to be low (no releases reported to the NPRI). Water
samples collected in Hamilton Harbour (there are two steel mills in Hamilton)
during spring 2010 and 2011 under the Great Lakes Surveillance Program
indicate that cobalt concentrations were 0.12 and 0.082 pg/L, respectively
(Environment Canada 2012b).

In terms of releases to water as point sources, concentrations of cobalt in
process effluent for the iron and steel sector are available in a status report
produced under the Municipal/Industrial Strategy for Abatement (MISA) of the
Ontario Ministry of the Environment. Even though they were collected many
years ago (1989-1990) and the production of steel has decreased in the years
2000s due to a decline in certain sectors such as the automobile industry, these
data were considered in this assessment since they are the only data that were
found for this sector. It was assumed that the activity level of facilities in the iron
and steel sector in Ontario are representative of the whole sector in Canada.
Only two of the seven steel mills that reported data under MISA back in 1989-
1990 detected levels of cobalt in their process effluent(s) (OMOE 1991). The
regulation method of detection limit (RMDL) for cobalt was high at 20 pg/L which
may explain why some of the mills did not report results for cobalt. For one of the
two mills that detected cobalt in their effluent, measured data for cobalt was
deemed to be unreliable based on the statistics provided (also the case for other
metals). Measured data for the other mill, which reflected a 9-month period of
effluent monitoring, indicated average concentrations of 6 to 13 pug Col/L for the
various effluents discharged by the mill. The highest concentration measured
during that period was 27 ug Co/L. However, cobalt was only detected in 11-13%
of the samples. Effluents from this mill were discharged in Hamilton Harbour,
which has a high dilution capacity but which also receives other industrial waste
water effluents as well as wastewater effluent from publicly owned WWTPs.
Concentrations of cobalt measured recently in Hamilton Harbour are quite low
(from 0.082 to 0.12 pg/L, see above). In addition, two steel mills located in this
area send some of their effluents to one of Hamilton's WWTPs. Recent data
collected from 2010 to 2012 under the Chemicals Management Plan monitoring
program indicate that total cobalt concentrations ranged from <0.006 to 1.1 ug/L
(median of 0.49 pg/L) in the final effluent of this WWTP (2013 personal
communication from Emerging Priorities Division, Environment Canada, to
Ecological Assessment Division, Environment Canada; unreferenced).

8.3.11 Electricity (power generation)
Power generation is among the most important activities in terms of fossil fuel
combustion in the country. This source emits cobalt to air in small-sized

particulate matter, which can be expected to be deposited to terrestrial and
aquatic ecosystems. Most of atmospheric releases of cobalt reported in recent
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years were for power plants located in Alberta, in the Wabamun Lake area (NPRI
1995, Environment Canada 2010a, Environment Canada 2012a). As such, an
exposure scenario for this area was developed based on concentrations of cobalt
measured in various environmental media and was used as a realistic worst-case
scenario to assess releases from coal-fired power plants. Other than power
plants and co-located coal mining, there are no other major industries along or
close to Wabamun Lake; hence, above-background levels of cobalt measured in
the various environmental media in this area can reasonably be attributed to the
activities of these two sectors. No measured data were available to develop a
realistic exposure scenario for oil-fired power plants. However, given that
concentrations of cobalt in heavy fuel oil are usually lower than in coal (ATSDR
2004) and given the higher calorific value of heavy fuel oil as compared to coal
(FAO 1990, Goodarzi 2013), it is expected that releases of cobalt from an oil-
fired power plant would not be higher than those from the coal-fired power plants
covered in the exposure scenario below.

An air deposition survey was conducted in the Wabamun Lake area between
1994 and 1997 by the Geological Survey of Canada (2002). Soil samples
collected as part of this survey showed a median soil cobalt concentration of 7.5
mg/kg. The highest concentration, 13 mg Co/kg soil, was measured at a
sampling station located downwind from all power plants located in the area
(Table 8-5). However, no or low deposition of cobalt was measured in a moss
metal biomonitor at this station during the 4-year study, suggesting that most of
the cobalt was from natural sources. Generally, the low cumulative deposition
rate of cobalt around Wabamun Lake (1.07 g/ha) suggests that power plants are
not an important source of anthropogenic cobalt to land in that area. Even if
these data are not recent, they are considered to be representative (or even
overestimates) of current levels, considering that one of the plants in this area
has since closed.

The Alberta Ministry of the Environment conducted water quality and sediment
surveys of Wabamun Lake in 2002 and 2005 (Alberta Environment 2002, 2003,
2006). The highest measured concentration of cobalt in water in 2002 was 0.3
ug/L (dissolved) in a sample collected at the ash pond lagoon discharge (effluent)
of a power plant. Concentrations in samples collected in the rest of the lake,
including close to the local publicly-owned WWTP discharge, were all below the
detection limit of 2 pg/L (Alberta Environment 2002). Samples collected in 2005
indicated a maximum cobalt concentration of 0.056 ug/L in the pelagic zone of
the lake. The PEC for water for this risk assessment was based only on the data
from 2005 since all data from 2002 were below the relatively high detection limit
of 2 pg/L (except for the ash pond effluent) (Table 8-5). The highest cobalt
concentration measured in sediments was 8 mg/kg in 2002 and 9.1 mg/kg in
2005. The PEC for sediments was based on the 2005 data since this value is for
extractable cobalt (with nitric acid) which is considered to be more representative
of the bioavailable fraction of cobalt to benthic organisms than total cobalt.
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Table 8-5: Concentrations of cobalt in the Wabamun Lake area, Alberta

'V'ed'“”.” PEC range Samplmg Reference

and units period

Water 0.019to 2005 Alberta Environment
(ug/L) 0.056 2006
Sediments 1 Alberta Environment
(ma/kg) 14t09.1 2005 2006

Soll Geological Survey of
(mg/kg) 3to 13 1994 Canada (2002)

1: extractable with nitric acid

8.3.12 Petroleum refining

The burning of fossil fuels by petroleum refineries to meet their energy
requirements may release cobalt as a component of fly ash. No exposure
scenario was developed for these facilities for atmospheric emissions because
releases of cobalt are expected to be similar to those from power generation
plants.

In terms of releases to water, concentrations of cobalt in process effluent for the
petroleum refining sector are available in a report produced for Environment
Canada (Gentsia Consulting Inc. 2009). This report contains data for three
refineries in Canada. The average concentrations of cobalt in the effluent of
these refineries for year 2008 were 0.49, 2 and 2.8 pg/L. Two of these refineries
discharge their effluent directly into a large river. Using a maximum default value
of 10 as a dilution factor, the resulting EACs for these sites would be 0.049 and
0.2 pg/L. The third refinery sends its treated effluent to a publicly owned WWTP
that uses a secondary treatment and that discharges its effluent into a large
water body. Hence, the corresponding EAC for that refinery is expected to be
below 0.1 pg/L.

The only other data that are available for this sector are from an older report
produced under the Municipal/Industrial Strategy for Abatement (MISA) of the
Ontario Ministry of the Environment (OMOE 1989). These data were collected in
1988 and 1989. Effluent monitoring for a 6-month period indicated average total
concentrations of 2 and 9.8 ug Col/L for two of the seven petroleum refineries that
monitored their process effluent and that are still active today. These refineries
discharged their effluent into Lake Ontario and the St. Clair River, respectively.
Using the highest average effluent cobalt concentration and a maximum default
value of 10 as a dilution factor, the resulting EAC would be 0.98 pg/L. A short
stretch (300 m) of a creek that receives this effluent before joining the St. Clair
River could have had higher levels of cobalt due to lower dilution capacity.
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8.3.13 Oil sands

Some facilities in the oil sands sector reported releases of cobalt to air
(Environment Canada 2010a, NPRI 1995). Releases are expected to be lower
than those from power generation plants (see Table C-1). Therefore an exposure
scenario for atmospheric emissions and subsequent deposition to soil was not
developed for the oil sands sector.

Deposition of cobalt to water bodies as well as potential leaching of process
water out of tailing ponds could be a source of cobalt to surrounding water
bodies. Measured concentrations of total and dissolved cobalt in water are
available for nearly 40 water bodies located in the Athabasca area (Alberta)
where most of the oil sand operations are located. Concentrations of cobalt in
sediments are available for 21 water bodies in the same area. These data come
from the Regional Aquatics Monitoring Program (RAMP) and were collected
regularly between 1997 and 2011 (program still ongoing). Results are shown in
Table 8-6 (RAMP 2012) and are used as realistic worst-case PECs to quantify
exposure of aquatic and benthic organisms to cobalt for an oil sands scenario.

Table 8-6: Concentrations of cobalt in the Athabasca region (Oil Sands),
Alberta, Canada

\(ﬁg/tf)r ?;fslo It\?e?j:))’ 0024| 01 | 034 | P | RAMP 2012
\(ﬁg/tf)r <°-((t)§t;‘l’) " lo0a3| 02 | 16 | LD | RAMP 2012
f‘?r‘jl'g;ﬁg)t 0210135 | 09 | 50 | 100 12%271' RAMP 2012

1: Percentiles; For values < MDL, the value of the MDL was used by default to calculate percentiles.

8.3.14 Pulp and Paper Mills

Pulp and paper mills burn a variety of fuels to meet their energy demands, which
may contribute to atmospheric emissions of cobalt. Cobalt may also be released
to surface water and sediment from plant effluent as certain cobalt-containing
substances are reportedly used in wastewater treatment (Environment Canada
2010a). Releases of cobalt were also reported to land for 2006 (2723 kg) and
were mostly wastes like liquor dregs, boiler ash and sludge that were landfilled
(Environment Canada 2010a).

Atmospheric emissions of cobalt can translate into deposition of this metal to
land and water bodies that surround a mill. A few measured concentrations of
cobalt in surface water close to pulp and paper mills are available and discussed
below. Depending on the distance between the mills and the sampling sites,
these concentrations would likely represent a mix of cobalt released through mill
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effluents and of cobalt present in atmospheric emissions. No measured
concentrations of cobalt in soil in the vicinity of pulp and paper mills could be
found. Therefore, exposure in this environmental medium could not be assessed
for this sector.

Measured concentrations of cobalt in water and sediments in the vicinity of six
pulp and paper mills in Canada are available in reports produced under
Environment Canada’s Environmental Effects Monitoring program (EEM) (Table
8-7). Data are available for 14 locations (for water and/or sediments), including 7
reference (upstream) locations and 7 exposure locations downstream (at effluent
discharge point or near-field). Data for these mills indicate that they are not
significant sources of cobalt releases to aquatic ecosystems. Additional details
about these data are available in ECCC (2016d).

Due to the scarcity of environmental concentrations of cobalt available for aquatic
ecosystems, concentrations in effluents were also analyzed. Mean total cobalt
concentrations in effluents were available for six mills in the EEM reports, and
they ranged from 0.34 to 4.4 ug Co/L for sampling conducted between 1990 and
2009. The effluent having the highest concentration (4.4 pug Co/L in 1990) was a
combination of waste water from two mills, one of which is now closed.
Considering dilution by the receiving watercourse, the concentration of cobalt in
surface water downstream from the discharge point of the effluent is now
predicted to be below 0.4 pg/L. Another mill had high cobalt concentrations in its
final effluent (4.2 pg/L in 2009); this mill discharges its effluent into a ditch which
then joins an estuary. Using a dilution factor of 10, the resulting concentration is
not expected to be a concern.

Cobalt was detected between 1998 and 2004 in the effluents of 25 mills out of 52
mills that were sampled in the province of Quebec (NCASI 2006, MDDEP 2010).
The former reference (NCASI 2006) is a draft unpublished report that was not
finalized and published. Therefore, the data it includes has some uncertainty but
was still deemed acceptable for use in this assessment. For 16 of the 27 mills for
which cobalt was not detected in the effluent samples, the method detection limit
was 10 pg Co/L or higher. The average concentrations in the final effluent from
the 25 mills where cobalt was detected ranged from 0.17 to 48 pg Co/L (total
cobalt). Some of these mills treated their effluent on-site (secondary or primary
treatment) before releasing it to the environment. Other mills sent their effluent to
a publicly owned WWTP, in some cases following on-site primary treatment. Four
mills that discharged their effluent to the environment (following on-site
secondary treatment) reported relatively high average concentrations of total
cobalt in their final effluent (5.4 to 48 pg/L). Given that pulp and paper mills often
discharge their effluent in large waterbodies, the default maximum value of 10
was used as a dilution factor to estimate EACs from these effluent
concentrations. The calculated EACs ranged from 0.54 to 4.8 ug Co/L. Adding a
default background concentration of 0.16 pug Co/L to the EACs result in PECs
ranging from 0.70 to 5.0 pg Co/L (total cobalt). Pulp and paper mills in the

50



Screening Assessment — Cobalt

province of Quebec are considered to be representative of this sector in Canada
as they include a variety of pulping processes that are commonly used in
Canada.

Table 8-7: Concentrations of cobalt in the vicinity of pulp and paper mills in
Canada
Medium and | PEC range Sampling References
units period
Water,
reference 1998 and

areas 0.1t0 0.3 2009 Environment Canada 2013d

(ug/L)
Water,
exposure 1998 and

areas 0.1t00.81 2009 Environment Canada 2013d

(Ho/L)
Water (pulp
and paper
mills in 0.7-5.0 1998-2004 NCASI 2006, MDDEP 2010
Quebec)
(Ha/L)
Sediments,
reference
areas
(mg/kg)
Sediments,
exposure
areas

(mg/kg)

3to41 1993-2002 Environment Canada 2013d

3.1to 19 1993-2002 Environment Canada 2013d

8.3.15 Electrical and electronic equipment

No exposure scenario was developed for cobalt used in electrical and electronic
equipment because the vast majority of these products are manufactured outside
the country and no companies in this sector reported releases to the NPRI in
recent years (NPRI 1995).

8.3.16 Battery recycling

Certain types of batteries contain cobalt that could be emitted during their
recycling for metals recovery, or after their disposal in landfills. According to a
study on battery recycling, two facilities in Canada are involved in this activity for
cobalt recovery (Kelleher Environmental 2009). One of these facilities reported
low releases of cobalt to the NPRI in recent years (maximum of 3 kg in 2008);
hence no exposure scenario was developed for this facility. The second facility is
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a smelter for which an exposure scenario is already included in another section
of this report (base metals smelting and refining).

8.3.17 Disposal and waste management

8.3.17.1 Disposal

Cobalt contained in products and manufactured items that are disposed of in
landfills may leach out of these products and items and end up in landfill
leachate. Monitoring data collected at 13 selected larger landfills between 2008
and 2012 under the Chemicals Management Plan monitoring program across
Canada indicate that total cobalt concentrations in leachate range from <0.006 to
82 pg/L before any treatment (median of 12 ug/L). Five of the 13 landfills are
treating their leachate on-site before either sending it to a WWTP or releasing it
to the environment. For these landfills, total cobalt concentrations in leachate
after treatment were 12 to 47 pg/L (median of 21 pg/L). In some instances, the
concentration of cobalt in leachate was higher after treatment than before
treatment, as illustrated by the low mean removal rate of 4% (Conestoga-Rovers
and Associates 2013). For landfills that send their leachate (treated or not) to a
WWTP, the dilution of the leachate in the WWTP influent in addition to the
removal of cobalt during wastewater treatment followed by the dilution of the
WWTP effluent in the receiving watercourse will likely result in the concentrations
of cobalt below the levels of concern (PNEC) for aquatic ecosystems. For
landfills that release their leachate (treated or not) to the environment,
concentrations of cobalt could be of concern, if released directly to an aquatic
ecosystem. For instance, one of the 13 landfills monitored discharged its treated
leachate to a river. Total concentrations of cobalt in treated leachate at this
landfill range from 15 to 47 pg/L. There could potentially be other landfills in
similar situations.

8.3.17.2 Incineration

In Canada, 97% of wastes are landfilled and 3% are incinerated (Environment
Canada 2007b; Statistics Canada 2013b). For those wastes that are incinerated,
a mass-balance calculation was done to assess whether this source could be
important in terms of releases of cobalt to the atmosphere. The municipal solid
waste incinerator that is located in Burnaby, B.C., was chosen for the mass-
balance calculation because it is the only incinerator for which emission data
could be found. Considering that it is the second biggest incinerator in terms of
guantity of wastes processed annually, it is likely a good representation of the
other facilities in this sector (Environment Canada 2007b). Emissions from this
facility for the sum of As, Co, Ni, Se and Te were 0.008 mg/m? in 2007 based on
periodic manual stack testing (Environment Canada 2011). MSW incinerators
can produce volumes of flue gas ranging from 3.5 to 7 m*/kg of waste burned
(Johnke 2000, UNEP 2002). Using the upper volume of this range and the
guantity of wastes produced by the Burnaby incinerator, it is estimated that 1.91
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Mm? of gas were produced in 2006 by this incinerator. This would translate into
releases of 15 kg for the sum of As, Co, Ni, Se and Te that would have been
emitted to the atmosphere at this location in 2006. Based on this number, MSW
incinerators in Canada are not considered to be an important source of cobalt in
terms of atmospheric releases.

8.3.17.3 Wastewater, sludge and biosolids

Wastewater is a common point of entry of a substance to water through
wastewater system effluent and a potential point of entry to soil through the
subsequent management of biosolids. Data collected between 2009 and 2012
under the Chemicals Management Plan monitoring program for 27 WWTPs
located across Canada indicate that total cobalt concentrations ranged from
<0.006 to 43 pg/L in the raw influent and from <0.006 to 34 pg/L in the final
effluent. Median values for both the influent and the effluent were <0.006 pg/L.
Cobalt was detected in half of the wastewater samples; however, it was detected
in all sludge and biosolids samples indicating its frequent presence in wastewater
with a certain degree of partitioning to solids. Concentrations in primary sludge,
waste biological sludge and treated biosolids ranged from <0.012 to 102 mg/kg
dw (median of 1.8 mg/kg dw), <0.012 to 11 mg/kg dw (median of 1.9 mg/kg dw)
and 0.060 to 138 mg/kg dw (median of 4.0 mg/kg dw) respectively (2013
personal communication from Emerging Priorities Division, Environment Canada,
to Ecological Assessment Division, Environment Canada; unreferenced). As
discussed earlier in this report, median wastewater removal rates of 27% for
primary treatment and 62% for secondary treatment were calculated based on
these data. In a study conducted for the Canadian Council of Ministers of the
Environment to document the occurrence of certain substances in sludge and
biosolids, samples were collected in 2009 at 11 WWTPs located across Canada.
Cobalt was detected at seven of the eleven plants sampled, at median and
maximum concentrations of 2.6 and 4.2 mg/kg dw, respectively (Hydromantis
Inc. et al. 2010).

The highest concentrations (> 10 ug Co/L) measured in the final effluent of the
WWTPs mentioned above were due to the presence of a cobalt-containing
substance that had been previously used by an industrial facility. While recent
monitoring data is not available for this WWTP, the facility’s releases of cobalt
are managed to an extent where current releases should be below levels of
concern. All other concentrations in WWTPs were < 1 ug Co/L (except one
facility) suggesting that these effluents are unlikely to be a concern once diluted
in receiving watercourses. One facility had effluent concentrations between 1.5
and 3.1 pg Co/L and releases it effluent to a watercourse for which a dilution
capacity of 10 was used. The resulting concentrations in the receiving
watercourse (PECs) range, therefore, from 0.31 to 0.47 pg Co/L after dilution and
the addition of a background of 0.16 pug Co/L. It is recognized that there are
numerous other WWTPs in Canada and that the data available represent only a
small sample. However, it is expected that the highest concentrations of cobalt in
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effluent would be measured for WWTPs that receive wastewater from those
industries that have reported using the cobalt compounds covered by this
assessment and/or that release cobalt as a by-product of an industrial process.
Exposure scenarios have been developed in this case and were presented
earlier in this section.

Biosolids from WWTPs are sent to landfills, incinerated or spread on agricultural
land. The equation below was used to estimate the input of cobalt to soils via
spreading of biosolids containing cobalt.

[cobalt ]

sage - @Pplication rate
depth - density

To simulate a worst-case scenario, a maximum application rate of 8300 kg dw/ha
per year (based on the highest existing provincial regulatory limit; Environment
Canada 2006), a mixing depth of 0.2 m (plough depth; ECHA 2012) and a soil
density of 1200 kg/m® were used (Williams 1999) along with the highest
concentration of cobalt measured in biosolids in WWTPs in Canada, that are not
incinerated (9.33 mg/kg dw). A period of 10 consecutive years was chosen as a
length of accumulation (ECHA 2012). The cumulative cobalt concentration in soil
at the end of this period is calculated to be 0.32 mg/kg dw. This EAC value is

based on the conservative assumption that cobalt will not leach or run off, nor be

taken up by plants and removed through harvest. Considering the median of
background concentrations of cobalt in agricultural soils in Canada (8 mg Co/kg;
NTE 2011), the spreading of biosolids to agricultural soils is not considered to be
of concern for cobalt.

8.3.17.4 Additional sources of cobalt in agricultural soils

Biosolids are only one of the possible sources of cobalt in agricultural soils. In
order to estimate several sources of cobalt simultaneously and to assess the
relative importance of biosolids as a source, the National Agri-Environmental
Health Analysis and Reporting Program (NAHARP) Trace Element (NTE)
deterministic spreadsheet model was used (NTE 2011, Sheppard et al. 2009).
The NTE model estimates concentrations of cobalt in soil expected at steady
state, i.e. once inputs and losses have reached equilibrium. Additional details on
this model are available in Sheppard et al. 2009 and ECCC (2016d).

The NTE model estimated the background level of cobalt to range between 5.4
and 22.1 mg/kg dw in soils, with a median of 8 mg/kg dw. This range is
comparable to published values for Canadian soils. Total concentration of cobalt
in soil resulting from atmospheric deposition, fertilizers, manure and biosolids
was estimated to range between 0.025 and 0.77 mg/kg dw (median of 0.42
mg/kg dw). These results indicate that anthropogenic sources of cobalt to sall,
including biosolids, are not significant in terms of exposure for soil organisms.
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8.4 Exposure based on provincial or territorial-wide aquatic
monitoring

8.4.1 Ontario

The Provincial Water Quality Monitoring Network (PWQMN) of the Ontario
Ministry of Environment (OMOE 2013) includes measurement of many metals
including cobalt and physical chemical parameters in surface water for 446 sites
from 264 watercourses in Ontario. Data for total concentrations of cobalt from
2005 to 2011 were extracted as well as key toxicity modifying factors. 203 of the
sites from 155 watercourses had cobalt concentrations that were above the
detection limit (= 1.5 pg/L). Criteria were defined to select the sites with
significant high concentrations. From the criteria, 14 sites from 12 watercourses
were identified. The ranges of the cobalt concentrations (total) measured for
Northern Ontario (8 sites) and Southern Ontario areas (6 sites) were from <1.5 to
146 pg/L and from <1.5 to 97 ug/L respectively. Details on data and criteria for
selecting sites with high cobalt concentrations are available in ECCC (2016d).

8.4.2 Yukon

The Biomonitoring Information System for the Yukon (BISY) (Environment
Canada 2013b) contains biological and physical chemical data on surface water
and sediments in the Yukon Territory collected since 1973. All data for dissolved
concentrations of cobalt in surface water (from 2002 to 2011) were extracted
from the database as well as key toxicity modifying factors. Two separate method
detection limits were used (> 0.005 or >5 pg/L) and based upon these values,
cobalt was detected at 281 of 702 sites where cobalt measurements were taken.
The 702 sites covered 298 watercourses whereas the 281 sites covered 181
watercourses. At least 70 sites (approximately 25% of the sites where cobalt was
detected) had cobalt concentrations exceeding the lowest hardness adjusted
PNEC (0.78 pg/L). Most of these sites were found to be often relatively
geographically close to each other, within 1 to 50 km approximately and thus
formed clusters (n=3) of monitoring sites which could be grouped together. Six
areas (A to F), covering a total of 55 sites (24 watercourses) were identified as
having high concentrations and possibly being under the influence of
anthropogenic releases. Dissolved cobalt concentrations ranged from 1.3 to 1333
Mg/L in these areas (n =55). For all other sites with concentrations mainly below
0.78 pg/L (n =211), an approximate geochemical background was calculated
(median = 0.086 pg/L). Additional details on locations and data are available in
ECCC (2016d).
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9 Characterization of Ecological Risk

The approach taken in this ecological screening assessment was to examine
supporting information and develop conclusions based on a weight-of-evidence
approach and using precaution as required under CEPA. Lines of evidence
considered include results from risk quotient calculations for key exposure
scenarios, as well as information on persistence, bioaccumulation, toxicity,
sources and fate of the substances. This section first presents the results of risk
guotient analyses for exposure scenarios based on the various anthropogenic
activities that may represent significant sources of release of cobalt to the
environment. The environmental concentrations were either based on
calculations using realistic estimations of releases (surface water) or field
measurements (surface water, sediments and soils) with a focus on data
collected in the vicinity of industrial or commercial facilities and settings. A
summary section then brings together all the lines of evidence leading to a
conclusion on the potential for ecological harm.

9.1 Industrial scenarios based on modelling of substance-
specific information

Table 9-1 presents the risk quotient calculations for eight sectors using data on
the cobalt content of the 13 non-UVCB cobalt-containing substances for which
information on the manufacture, importation or use in Canada in recent years
was received. Predicted environmental concentrations (PECs) were calculated
by adding the highest median background value of 0.16 pug Co/L (see Table 8-2)
to the modelled estimated aquatic concentrations (EACs) determined in the
Ecological Exposure Assessment section. In cases where a concern was
identified, the background concentration was either refined using site/area
specific data geochemically relevant to the site receiving releases. If site or area
specific information was not available, the highest median background
concentration (0.16 pg/L) was used. The PNECs were adjusted for the hardness
of the receiving watercourse (site-specific) or the hardness of the closest local or
regional watercourse (see ECCC (2016c) for toxicity modifying factors correction
details). Both PECs and PNECs have been expressed in terms of dissolved
cobalt concentrations, and used to calculate the risk quotients (RQ =
PEC/PNEC). Additional details on site-specific RQ calculations are available in
ECCC (2016d).

Table 9-1. Risk quotient (RQ) calculations ranges for substance-specific

key industrial modeled exposure scenarios in the aquatic compartment.
Use/Sector PEC Adjusted RQ Number of
(ug Col/L) PNEC range scenario(s)

(ug CollL) with RQ>1
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Rubber 0.17-0.56 | 0.78-1.30 | 0.13-0.55 0
Manufacture or use of | 0.18-0.24 | 1.09-1.31 | 0.14-0.18 0
catalysts

Manufacture of 0.20-0.24 | 0.93-0.98 | 0.20-0.26 0
chemicals

Paints and Coatings 0.16 0.82-1.41 | 0.14-0.20 0
Plastic (Polyester resin) 0.16 0.82-1.13 | 0.14-0.20 0
Fertilizers 0.26-0.70 1.27 0.20-0.55 0
Animal feed 0.49 1.60 0.31 0
manufacturing

Alloy and superalloy 0.13 1.11 0.12 0
manufacturing

Base metals smelting | 5 55178 | 0.82-1.80 | 0.20-6.56 2
and refining

Results show that for two scenarios, the RQs calculated from modelled aquatic
PECs exceed one. The releases expected from the base metals smelting and
refining (two out of five facilities) indicate that dissolved cobalt concentrations in
waterbodies near sources of releases may exceed estimated no effect levels for
aquatic organisms.

9.2 Industrial scenarios based on incidental releases and

monitoring

The sections below, that include Tables 9-2 to 9-7, show the results of risk
guotient calculations based on field measurement of concentrations in relevant
environmental media for selected sites representing nine industrial sectors. The
areas where these concentrations were measured are, for the vast majority, in
the vicinity of facilities and installations where cobalt may be released in effluents
or emitted to air. Total or dissolved cobalt concentrations were measured in
receiving watercourses, sediments or soils where available and are presented as
predicted environmental concentrations (PECs). These PECs include
contributions from geochemical background (total risk approach). In parallel,
PNECs were developed including the cobalt background in water, soil and
sediment of the laboratory toxicity studies considered. Industrial releases to air
which may be deposited to the water or soil compartments are included. PNECs
were adjusted for the hardness of the receiving watercourse or for the CEC of the
affected soil (site-specific). If the site-specific data were not available, the closest
local watercourse or regional watercourses hardness was used for correction
(same approach for soil CEC). See ECCC (2016c) for details regarding
corrections applied to take into account toxicity modifying factors.

For the water compartment, PECs are expressed in terms of total or dissolved
cobalt concentrations whereas PNECs are expressed as total. For sediments,
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both PECs and PNECs are expressed in terms of total cobalt concentrations. For
soil, PECs are expressed in terms of total cobalt and the PNEC is adjusted using
the CEC. Additional details on site-specific RQ calculations are available in
ECCC (2016d).

9.2.1 Metal mining

Environmental concentration data (41 locations) associated with metal mining
include 19 reference (often upstream) locations, 21 exposure (downstream)
locations that are assumed to have the highest potential to be impacted by
effluent discharges and one location affected by historical mining (Aldermac).
Fifteen out of the 21 exposure locations were found to have RQs exceeding one
(Table 9-2). The RQs calculated for the exposure locations, ranging from 0.01-
23.3 for the water compartment and from 0.36-3.83 for sediments, are generally
higher than RQs of corresponding reference locations. For the Aldermac location,
RQs range from 0.09 to 193. RQs exceed 1 on 7 reference locations; although, 3
of the values were only slightly above 1 (ECCC 2016d). For the 4 remaining
reference locations, RQs are significantly above one (ECCC 2016d). For 3 of
these reference locations, with RQs significantly greater than 1, the presence of
additional active mines and/or a smelter may have contributed to the cobalt
concentrations measured. For the remaining reference location, the source
responsible for the elevated RQ could not be identified. In summary, for this
sector, dissolved or total cobalt concentrations in waterbodies and in sediment
may exceed estimated no effect levels for aquatic organisms and sediment-
dwelling organisms, respectively.

Table 9-2: Risk quotient (RQ) calculations for the metal mining sector in the
surface water and sediment compartments.

Medium and PEC range | Adjusted | RQrange | Number of
units PNEC! locations
with RQ>1

Water, reference <0.05 to <0.06-

ZIS?I_S) 11.8 0.78 15.1 3

Water exposure
areas 0.01to 42 1.80 0.01-23.3 9

(Mg/L)

Water
downstream
historical
mining/tailings
site (Aldermac)
(Hg/L)

0.081t0 176 0.91 0.09-193 1

Sediments,
reference areas 4.7 to 38 16.7 0.28-2.28 4

(mg/kg)

58



Screening Assessment — Cobalt

Sediments,
exposure areas 6.0 to 64 16.7 0.36-3.83 6

(mg/kg)

1: except for sediment where PNEC is generic; pg/L for water, mg/kg dry weight for sediment

9.2.2 Base metals smelting and refining

Environmental concentration data were available for 22 locations (covering all
media), including 14 exposure locations and 8 reference locations (Table 9-3).
RQs exceeded one at the majority of exposure locations (10 out of 14 locations)
and all media had exposure sites with RQs that surpassed one. The highest RQs
were found for the water compartment (range <0.06-77), followed by sediments
(range 0.06-2.69) and soils (0.06-1.63). RQs were found to exceed one at only
one reference location out of eight. Thus, for this sector, dissolved or total cobalt
concentrations in waterbodies, in sediment and soils near sources of releases
may exceed estimated no effect levels for aquatic organisms, sediment-dwelling
organisms and terrestrial organisms, respectively.

Table 9-3: Risk quotient (RQ) calculations for the base metals smelting and
refining sector in the surface water, sediment and soil compartments.

Medium and PEC range | Adjusted RQ range Number of

units PNEC! locations
with RQ>1

Water, reference

areas 0.015 to 078 | 0.02-0.07 0

0.058

(Ha/L)

Water, exposure

areas <0.05to 60 0.78 <0.06-77 4

(Hg/L)

Sediments,

reference areas 14 to 50 16.7 0.84-2.99 1

(mg/kg)

Sediments,

exposure areas 1to 190 16.7 0.06-11.4 3

(mg/kg)

Soil, reference

areas 2to 38 70.7 0.03-0.54 0

(mgrkg)

Soil, exposure

areas 0.5t0 195 | 8.8-119.4 | 0.05-4.09° 3

(mg/kg)

1: except for sediment where PNEC is generic; pg/L for water, mg/kg dry weight for sediment and soil
2: 4.09 calculated with values not presented in table—PEC (36 mg/kg) and PNEC (8.8 mg/kg) (see ECCC 2016d).
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9.2.3 Iron and steel

For this sector, it is expected that deposition of cobalt to soil would not be of
concern for soil organisms. Similarly, deposition to waterbodies is expected to be
low. Concentrations of cobalt monitored in 2010 and 2011 in the Hamilton
Harbour, which has a high dilution capacity, were 0.12 and 0.082 pg/L
respectively. This is significantly lower than the worst-case aquatic PNEC (lowest
hardness) of 0.78 pug/L. Therefore, these concentrations, which reflect all sources
of cobalt in the Hamilton Harbour area, are below the thresholds of concern for
aquatic organisms. However, it was not possible to assess the risks to benthic
organisms in Hamilton Harbour, because no measured concentration data were
available for cobalt in the sediments. Considering the low measured
concentrations in the water compartment, concentrations in sediments from this
source are expected to be low. Therefore, risks to organisms are not expected to
be a concern for this sector.

9.2.4 Electricity (power generation)

Coal fired and heavy oil fired electrical power generation plants represent
sources of cobalt considered in this assessment. No measured data were
available to develop a realistic exposure scenario for oil-fired power plants.
However, it is expected that releases of cobalt from an oil-fired power plant would
not be higher than those from the coal-fired power plants. Based on some of the
measured environmental concentrations presented in section 8, realistic worst-
case PEC ranges were chosen and RQs calculated to quantify exposure and
risks of ecological receptors to cobalt for a coal-fired power generation scenario.
Results are presented in Table 9-4. Risk quotients associated with electrical
power generation are low and therefore risks to organisms are not expected in
any media from this source.

Table 9-4: Risk quotient (RQ) calculations in the surface water, sediment
and soil compartments for a coal-fired power generation scenario in the
Wabamun Lake area, Alberta.

Medium PEC range Adjusted RQ
and units PNEC! range
Water 0019100056 | 1.07 0.02-0.05
(ug/L)
Sediments | 4 41091 16.7 0.08-0.54
(mg/kg)
Soil

3 t013 30.2 0.10-0.43
(mg/kg)

1: Except for sediment where PNEC is generic; pug/L for water, mg/kg dry weight for sediment and
soll
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9.2.5 Petroleum refining

Releases of cobalt to water from petroleum refineries’ process effluents are
possible. The highest average from the older data, (two refineries: 9.8 pg/L)
could be of concern depending on the dilution factor expected for a short stretch
(300 m) of the receiving water body before joining the St-Clair River. Assuming a
dilution factor of 10 and a background cobalt concentration of 0.04 ug/L [Ontario
Region (Erie-Superior-Ontario), Table 8-2], would give a PEC of 1.02 pg/L. Using
the hardness adjusted PNEC for the site (0.94 ug/L) would give a calculated RQ
of 1.09, slightly exceeding the threshold of possible risks to aquatic organisms.

More recent data from 2008 from three additional refineries in Canada revealed
that resulting PECs (0.21, 0.26 and 0.36 ug/L) are all below the level of concern
for aquatic organisms (lowest PNEC of 0.78 ug/L) following the addition of the
highest background level of 0.16 ug/L to the EACs.

Overall, data are available for 6 out of the 15 refineries in Canada. Based on this
information, the evidence of harm is weak considering that some of the
concentration data are old (1988-1989), for the older data the exceedance is
slight at only 1 site, and more recent data from 2008 indicate no concern.

9.2.6 Oil sands

Releases of cobalt to air from the Oil sands are expected to be lower than those
from power generation plants. As such, no risks are expected from the cobalt
releases to air. The contribution to the deposition to water bodies would likely be
reflected in the concentration of cobalt considered below.

Measured concentrations of total and dissolved cobalt are available for nearly 40
water bodies located in the Athabasca area (Alberta) where most of the oil sand
operations are located (RAMP 2012). Table 9-5 below presents the results of this
monitoring in terms of PECs, PNECs and resulting RQs. Only the dissolved
concentrations were considered for the calculation of RQs.

Table 9-5: Risk quotient (RQ) calculations in the surface water and
sediment in the Athabasca Oil Sands, Alberta.

PEC Adjusted RQ
Medium range sl | 50"t | o5™! | pNEC? Percentiles®
(5th_50th_95th)

Water <0.01-23 | 992 | 01 | 034| 090 | 0.03-0.11-0.38
(hg/L) 4

sedment | o, 155 | 99 | 50 | 100 | 167 | 0.05-0.30-0.60
(ma/kg)

1: Percentiles
2: except for sediment where PNEC is generic; pug/L for water, mg/kg dry weight for sediment
3: Calculated risk quotients based on percentiles data: (5", 50™, 95™).
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Risk quotients are low and therefore risks to aquatic organisms and sediment-
dwelling organisms are not expected.

9.2.7 Pulp and Paper Mills

Regarding releases of cobalt to water, two sources of data were considered: the
EEM program where field data were collected and a regulatory program from the
Ministere du développement durable, de l'environnement et des parcs du
Québec where concentrations in raw effluents were measured. From the latter
source, PECs were calculated (see the Ecological Exposure Assessment section
for details). Table 9-6 below shows the risk quotients calculated from both
sources of data.

Table 9-6: Risk quotient (RQ) calculations in the surface water and
sediment in the vicinity of pulp and paper mills in Canada.

Medium and PEC range | Adjusted RQ range Number of

units PNEC! locations
with RQ>1

Water, reference

areas 0.1t00.3 0.78 0.13-0.38 0

(Ho/L)

Water, exposure

areas 0.1t00.81 | 0.78-1.21 0.13-0.67 0

(Mg/L)

Sediments,

reference areas 3to4l 16.7 0.18-2.46 1

(mgrkg)

Sediments,

exposure areas 3.1t0 19 16.7 0.19-1.14 1

(mg/kg)

Water (pulp and
paper mills in
Quebec)

(Hg/L)

0.7-5.0 0.78-0.94 0.90-6.41 3

1: except for sediment where PNEC is generic; pug/L for water, mg/kg dry weight for sediment and soil

The risk quotients indicate that the six pulp and paper mills (EEM data) are not
significant sources of cobalt releases to aquatic ecosystems. All mills show
minimal or no difference in measured cobalt concentrations between reference
sampling sites and effluent discharge point or downstream for both water and
sediment. While a potential risk was identified in the sediments at one site, the
source of cobalt is likely not attributable to the pulp and paper mills because the
far field concentrations are higher than at the effluent discharge point (ECCC
2016d). Therefore, the source of this cobalt is of unknown origin. Potential risk to
aquatic organisms was identified for three Quebec mills. The cobalt
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concentrations in the effluent are likely influenced by the type of pulping process
and the use of cobalt-containing chemicals.

9.2.8 Disposal and waste management

Among the 13 landfills monitored under the CMP monitoring program across
Canada for 2008-2012 one case needed further characterization as it released its
treated leachate to a river and concentrations of cobalt in the leachate were
relatively high, ranging between 15 to 47 pg/L. Using a dilution factor of 10 and
adding 0.16 pg/L for background led to a predicted environmental concentrations
of 1.66 to 4.86 pg/L. Using the worst-case PNEC (0.78 pg/L), calculated RQs
would range from 2.13 to 6.23. Risk is therefore identified for aquatic organisms
under this scenario.

9.2.9 Wastewater, sludge and biosolids

Data were collected between 2009 and 2012 under the Chemicals Management
Plan monitoring program for 27 WWTPs located across Canada. PECs ranging
from 0.31 to 0.47 pg Co/L were calculated for the facility showing the highest
cobalt concentration in its effluent and not previously considered in other sectors
or scenarios. Using the site-specific hardness adjusted PNECs (0.80 ug/L), the
calculated RQs range from 0.39 to 0.59. There is no risk identified for aquatic
organisms.

The calculations presented in the section “Ecological Exposure Assessment’
have shown that spreading of biosolids to agricultural soils is not considered to
be of concern to terrestrial organisms for cobalt.

9.3 Provincial or territorial-wide aquatic monitoring
9.3.1 Ontario

The Provincial Water Quality Monitoring Network (PWQMN) of the Ministry of
Environment of Ontario (OMOE 2013) includes measurement of cobalt and
physical chemical parameters in surface water for 446 sites from 264
watercourses in Ontario. Criteria were developed (ECCC 2016d) to select
fourteen sites with the most elevated cobalt concentrations: eight sites for
Northern Ontario and six sites for Southern Ontario. Table 9-7 below shows the
results of risk quotients calculations ranges for the sites in the two areas.

Results show that more than half of the selected sites with elevated RQs
(ranging from <0.83 to 81) are located in Northern Ontario, near metal mining,
base metals smelting, and/or refining operations (6 sites) or historical mines (2
sites) and under the influence of significant releases of cobalt to the water
compartment. These sites are in the vicinity of mining areas with active or
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historical mining operations. At historical metal and coal mines, AMD is usually
released into the environment without treatment. Conversely, all or most of the
AMD at operating mining sites is collected with other streams, such as process
effluents and runoffs, and is released as part of the treated liquid effluent at the
final discharge point. Some of the sites had elevated hardness when compared
to nearby watercourses suggesting that some of the mining effluents may be
treated with lime in order to precipitate some of the metals they contain before
they are released to the environment. However, in spite of the possible
treatments, cobalt releases are still significant at these locations and this is
reflected in the high RQs calculated in the watercourses which receive these
effluents.

Thus, effluents from the final discharge point of operating mines, base metal
smelting, and/or refining operations and acid mine drainage from historical mines
are likely the main sources of cobalt to the aquatic compartment in the vicinity of
mining installations or tailings. Smelters may also contribute to the aquatic
concentrations after deposition of particulates but likely to a lesser extent in the
short-term because of the small direct surface area for deposition in comparison
to soil. In addition, less soluble cobalt-containing particulates are more likely to
settle out of the water column.

Six other sites located in Southern Ontario also show elevated RQs (ranging
from 1.36 to 58) but are not in the vicinity of contributors of cobalt that could be
identified.

9.3.2 Yukon

The Biomonitoring Information System for the Yukon (BISY) (Environment
Canada 2013b) includes information on dissolved concentrations of cobalt in
surface water for 702 sites covering 298 watercourses in the Yukon Territory.
Criteria were developed to select six areas with the most elevated cobalt
concentrations and are presented in the Ecological Exposure section. The results
of risk quotient calculations for all six areas are presented in Table 9-7.

Risk guotients for surface waters in this region were high, ranging from 0.98 to
741, which indicate a high risk for aquatic organisms. Potential sources of cobalt
were identified for all areas. Four of the six areas (A, B, E, F) are located in the
proximity of identifiable individual or combined sources of cobalt including: metal
mining operations (A and B), historical mines (E) (that may include abandoned
mine tailings) and metal mining exploration (F). These areas are likely under the
influence of considerable anthopogenic releases of cobalt to the water
compartment. According to details found in the BISY database, the two
remaining areas (C and D) are affected by runoff/seepage which has come into
contact with natural rock with high concentration of cobalt, potentially contributing
to the elevated cobalt concentrations. Although naturally-occurring instances of
high cobalt concentrations in rock may, in certain rare circumstances, increase
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the natural background for the water compartment on certain specific locations,
the Yukon-wide geochemical background is 1 order of magnitude lower than the
aquatic worst-case PNEC and comparable to other Canadian regions (median of
0.086 pg/L). Elevated natural sources may exceptionally be present in this
region. However, past or actual anthropogenic activity may still contribute to the
cobalt loadings being measured. In addition, since there are no active smelters
or refineries in the territory, releases likely result from mining facilities, historical
mines and metal mining exploration (Environment Canada 2013b; Mining
Association of Canada 2015). Metal mining exploration likely has a limited
potential to release cobalt considering the smaller operations that have lower
environmental disturbances. Therefore, area F may potentially also include
natural mineralization runoff/seepage or historical sources, but no evidence was
found to support this.

Table 9-7: Risk quotient (RQ) calculations for the surface waters of Ontario
and Yukon from the PWQMN and BISY databases.

Area Possible PEC Adjusted RQ Number
contributing range PNEC! range of sites
sectors/sources (ug/L) (ug/L) with RQ>1

Northern metal mining <1.5to 1.80 <0.83- 3
Ontario 1462 81
Northern base metals <l.5to 0.78 <1.92- 2
Ontario smelting and 2.9? 3.72

refining

metal mining and

Northern base metals <l.5to 1.80 <0.83- 1
Ontario smelting and 12.12 ' 5.64

refining
Northern historical mining 4.12to 1.14; 3.61- 5
Ontario activity 46.4° 1.21 38.3
Southern unknown | 1.51t097% | 1.10-1.66 | 1.36-58 6
Ontario
Yukon, areas .. 3 1.3to 0.98- 5
Aand B metal mining 551 1.32 1374 2
Yukon, area historical mining 1.42to 1.80 0.79- 16
E activity 1411 ' 78.3
Yukon, area metal mining 9 to 1221 1.80 5.67.8 17
F exploration
Yukon, areas 7 3.08 to 1.71- 9
C and D runoff/seepage 1333! 1.80 741 2
1: dissolved cobalt concentration
2: total cobalt concentration
3: may also include metal mining exploration as a lesser contributing source
4: 137 is calculated with the 95" percentile of the concentration (181.4 pg/L)
5: areas A and B include a total of 35 sites
6: area E includes a total of 6 sites
7: area F includes a total of 7 sites
8: from contact with natural rock with high cobalt concentration
9: areas C and D include a total of 7sites.
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9.4 Summary of ecological risk characterization

This screening assessment focuses on the cobalt moiety, and thereby includes
cobalt in its elemental form, cobalt-containing substances and cobalt released in
dissolved, solid or particulate form. It considers all substances having the
potential to dissolve, dissociate and/or degrade to release cobalt through various
transformation pathways that can potentially contribute to the combined exposure
of ecological receptors to the cobalt moiety of concern (i.e. dissolved cobalt). In
turn, dissolved cobalt can cause harmful effects to organisms. Sources of cobalt
include activities involving the fifty cobalt-containing substances that had been
identified as meeting the categorization criteria, as well as incidental production
and natural/ambient background concentration of cobalt. Data on manufacture,
import and use of specific substances were used, where possible, to model
releases to estimate PECs. As well, other anthropogenic incidental sources of
the metal to the environment were systematically included using a sector-based
approach and through the use of monitoring data to estimate PECs.

Risk quotients, which are based on either modeled or measured concentrations
of cobalt (total or dissolved) were calculated for a variety of sectors and activities
involving cobalt releases. Table 9-8 shows a summary of the sectors and
activities of concern and the media affected. Locations with RQs exceeding 1
were associated with sectors/activities that are expected to contribute to cobalt
concentrations in the vicinity to the extent possible. When both the reference
location and the corresponding exposure location had RQs exceeding 1, risks
were not attributed to the sector/activity in question unless additional sources
could be identified. If additional sources could not be identified, the locations
were added to the “unidentified sources” category.

Table 9-8: Summary of sectors/activities of concern based on number of
locations or areas and range in risk quotients.

Number of | Number of | Number of
locations | locations | locations
Sector/activity Type of scenario With risk With risk With risk
(modeled/measure | quotient(s) | quotient(s) | quotient(s)
d) greater greater greater
than 1 than 1 than 1
(water) (sediment) (soil)
Metal mining® measured 13 5 ]
(0.56-137) | (0.36-3.83)
Base metals
smelting and modeled 2 (6.56) - -
refining
Base metals 5 3 3
smelting and measured (<0.06-77) | (0.06-11.4) | (0.19-4.09)
refining
Metal mining measured 3 2 -
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and/or base (0.93-5.64) | (0.43-1.06)

metals smelting

and refining

Historical mining measured 4 i i

activity (0.09-193)

metal mining measured 1 i i

exploration (5-67.8)

rFr:liJIlIg ANAPAPET | modeled (water) (0.90:-),6.41) ]

Leachate modeled® 1 i i

(from landfills) (2.13-6.23)

Unidentified d 8 4

sources® measure (0.13-58) | (0.90-2.46) )
Total 40 14 3

(0.09-193) | (0.06-11.4) | (0.19-4.09)

1: Includes locations from Table 9-2 (EEM-water and sediments) and Table 9-7 (PWQMN and BISY - water)

2: maximum of range

3: based on effluent concentrations

4: based on leachate concentrations

5: Include locations from the metal mining sector (water and sediments) and the pulp and paper mills sector (sediments).

A total of 40 locations or areas of concern for aquatic organisms covering four
sectors were identified. These sectors include: metal mining, base metals
smelting and refining, pulp and paper mills, and leachate (from landfills). In
addition, historical mining and metal mining exploration activities were also
identified with locations of concern. Fourteen locations of concern were identified
for sediment-dwelling organisms covering two sectors (metal mining and base
metals smelting and refining). Three locations showing risk to terrestrial
organisms were identified in the base metals smelting and refining sector. A
relatively small but significant proportion (~5% or 3 locations) of pulp and paper
mills were identified as being of concern due to RQ results. The cobalt
concentrations in the effluent are likely influenced by the type of pulping process
and the use of cobalt-containing chemicals. However, there is insufficient
evidence to conclude that the pulp and paper sector as a whole or a particular
sub-sector (manufacturing process) is of concern. Another sector or source found
to be of concern was leachate from landfills with 1 location for the water
compartment. In addition, eight locations of concern to aquatic organisms and
four locations for sediment-dwelling organisms were identified with
uncharacterized sources.

The data indicate that the metal mining and base metals smelting and refining
sectors are of concern for cobalt (in all media) at approximately half of the total
number of locations/areas assessed. These sectors also show the highest
number of locations with risk quotients greater than 1 identified in the
assessment. Releases of liquid effluent at the final discharge point is the most
important source of concern for aquatic organisms for these sectors. Releases to
air can also be significant for the base metals smelting and refining sector and
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some of the soil monitoring studies were indicative that this is the case. Releases
to air may also contribute to exposure to the water compartment by deposition;
however, this contribution seems to be limited. Historical mining activities and
metal mining exploration were also found to be a cause for concern for cobalt:
the calcuted RQs for these activities are as high or higher as active mining
facilities (ECCC 2016d). However, since the focus of the assessment was
primarily on active facilities, the extent of consideration of historical mining
activities and metal mining exploration was not as comprehensive, resulting in a
lower number of locations identified. Even if these results are less extensive,
historical mining activites and, to a lesser extent, metal mining exploration are
also identified to be a cause for concern for cobalt. It is assumed that historical
mining activities have a higher potential for releases than metal mining
exploration.

9.5 Consideration of lines of evidence and uncertainties

A weight of evidence approach, where several lines of evidence for ecological
risk (e.g., environmental fate, bioaccumulation, ecological effects) and precaution
(as appropriate) were applied to develop a conclusion as required under CEPA.
The lines of evidence and the weighting assigned to each line of evidence, based
on considerations of uncertainty and relevance in the assessment, are described
in Table 9-9 and described in this section.

The weight of evidence approach includes a qualitative assessment of the
relevance of each line of evidence according to scientific or regulatory
importance in the assessment. A weight is assigned to each line of evidence
based on a function of level and direction of uncertainty and relevance of that line
of evidence in the assessment. Qualifiers used in the analysis range from low to
high. The weight of evidence serves to determine the overall confidence in the
decision-making process as well as indicate the key lines of evidence supporting
a risk outcome.

To assess the impacts of the identified uncertainties on the risk assessment of
cobalt and cobalt-containing substances, both the level and direction of
uncertainty were identified for each line of evidence. Uncertainties arise from
data gaps due to limited, incomplete, or absence of data as well as data
variability. Estimation of the level of uncertainty was based on the availability and
qguality of data and its suitability (e.g., representativeness of realistic
environmental conditions considering natural background and adequate source
identification). The direction of uncertainty was based on scientific analysis and
judgement as to whether the specific uncertainty could lead to either an over or
underestimation of risk or has negligible or unknown impact on the risk outcome.
Relevance refers to the impact of the evidence in the assessment scientifically
and/or from a regulatory perspective.
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Table 9-9: Uncertainty characterization and analysis of the weight of
evidence in the risk assessment for Cobalt.

. . Level of Direction of | Relevance in Weight
Line of evidence 1 .9 3 ) 4
uncertainty” | uncertainty® | assessment® | assigned
Physical and
Chem'cal Low +/- Moderate Low to
properties — water moderate
solubility
Enwronmer.ltal Low +/- Moderate Low to
Fate — persistence moderate
B_|oaccur_n_ulat_|on/ Low +/- Moderate Moderate
biomagnification
Ecotoxicity — . :
PNEC aquatic Low +/- High High
Ecotoxicity — . Moderate
PNEC sediment Moderate *h- High to high
Ecotoxicity — Low to .
PNEC soil moderate +h- High Moderate
Environmental
exposure —
bioavailable Low to ¥ High Moderate
. moderate to high
concentration
(total vs dissolved)
Environmental
exposure — source
|dent|f|c§1t|.on.— Low to _ Moderate
metal mining; +/- High .
moderate to high
base metals
smelting and
refining
Environmental
exposure — source
identification — Low +/- High Mode_rate
] to high
pulp and paper;
leachate
Risk quotient
analysis —
magnitude;
locations/area Low to " High Moderate
impacted — metal moderate 9 to high
mining; base
metals smelting
and refining
Risk quotient
analysis — Moderate +/- High Moderate
magnitude;
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locations/area
impacted — pulp
and paper;
leachate

1: Level of uncertainty is determined according to data quality, data variability, data gaps and if the data are fit for purpose
2: Denotes if uncertainty may contribute to over-estimation of risk (+) or under-estimation of risk (-); +/- indicates little
impact or direction is unknown

3: Relevance refers to the impact of the evidence in the assessment scientifically and/or from a regulatory perspective

4: Weight is assigned to each line of evidence and it is directly related to its relevance in the assessment as well as
factors such as data suitability and quality.

Water solubility of cobalt-containing substances was attributed a low uncertainty
since empirical data points exist for most discrete substances. However, in
certain cases, solubility can vary as a result of environmental conditions.
Solubility has a moderate relevance in the assessment as the values may be
useful to confirm solubility in modeled scenarios; however, the relevance is lower
for measured dissolved concentrations where the dissolved state is known and
water solubility values are not needed. The weight assigned is therefore low to
moderate due the fact that this information is occasionally important, even if only
to qualitatively confirm the potential of discrete substances to contribute to
environmental cobalt loadings.

There is high certainty that, once released into the environment, cobalt is
expected to be infinitely persistent in water, soil and sediment. Cobalt can
therefore accumulate in the environment year after year, resulting in increased
exposure mainly in the latter two compartments. However, the bioavailability of
cobalt in these compartments may be partially reduced by ageing processes.
This line of evidence is more applicable as a prediction for the future trends of
measured concentrations in the environment mainly in soil and sediment
compartments. Indeed, actual measured concentrations incorporate this fate
characteristic. Therefore, the attributed weight for persistence is low to moderate.

The bioaccumulation potential of cobalt is relatively low. However, cobalt uptake
may still lead to levels causing harm to sensitive species at body concentrations
higher than those required for essentiality. The relevance and weight assigned
are thus moderate.

Cobalt has been demonstrated to have a high toxicity to sensitive aquatic
organisms, sediment-dwelling organisms and terrestrial organisms. Survival,
growth or reproduction of these organisms may be affected. In addition, the
biological diversity and the stability of the food chain may be adversely impacted
by cobalt (e.g., reduction in the quality and quantity of fish food sources).
Considering the number of species, taxa and the extent of toxicity modifying
factors inclusion, the aquatic PNEC has the lowest level of uncertainty followed
by the soil and sediment PNECSs. The relevance in the assessment is high for all
three PNECs but considering the frequency of their use in the assessment, the
weight assigned is highest for water, followed by sediment and soil.

70




Screening Assessment — Cobalt

While it is understood that additional abiotic modifying factors, beyond hardness
(e.g., pH, DOC), may influence cobalt toxicity in surface waters under certain
circumstances, they were not corrected for in this assessment. The rationale
considered for this decision was the following: (i) based on current observations,
water hardness is the key and most important factor explaining almost the entire
variability in the organisms responses; (ii) there is evidence that in addition to
Co?* ions, cobalt complexes with particulate organic matter or dissolved humic
and fulvic acids may be available for uptake by some types of aquatic organisms;
and (iii) for most sites, risk quotients are elevated and adding additional toxicity
modifying factors (e.g., BLM) may only have resulted in minor variations in
toxicity, not significantly changing the majority of risk quotients and conclusions.

The consideration of bioavailablity of cobalt is an important aspect for
environmental exposure. The measured environmental concentrations for many
sectors including the province-wide PWQMN database present cobalt results as
total cobalt rather than dissolved cobalt. The dissolved fraction represents a
fraction of total cobalt which can vary depending on the quantity and binding
strength of particles, and site-specific factors such as watershed and
watercourse type, geology, biological productivity and other factors. The
percentage dissolved fraction range calculated from the RAMP data varies from
10 to 50% (RAMP 2012). It was not possible to calculate a correction from the
RAMP data as the site-specific factors are too complex and variable to build a
reliable model. However, despite the differences between total to dissolved
concentrations, it is still expected that most identified risk quotients for the
aquatic compartment would remain above one. For example, the RQs calculated
using the BISY database data (Yukon Territory) were based on dissolved
concentrations in a similar metal mining context compared to northern Ontario
(PWQMN, OMOE 2013). They were comparable and even more elevated. Thus,
it was not deemed necessary or critical to integrate additional aguatic modifying
factors at this time, for this screening assessment. This line of evidence was
attributed a moderate to high weight considering that the level of uncertainly may
vary from low to moderate depending on the data considered. The relevance in
assessment is high.

There are three types of source identification/apportionment for cobalt and other
metals present naturally in the environment: anthropogenic versus natural
sources, historical versus recent sources and the type of activity/sector involved.
The latter two are discussed below.

Historical contamination may be present and part of some of the measured
concentrations in soils and sediment depending on depth. While top soil samples
concentrations from 0-5 cm rather than 0-10 cm were used in the assessment
and should be more consistent with recent contamination, it was not possible to
account for historical versus recent contamination in these samples. Therefore,
for these soil or sediment sites, risk quotients may represent total (historical and
recent) estimates of harm. In the water compartment, however, the measured
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concentrations can reasonably be expected to represent recent or actual
releases from active or historically used sites. The historical component
consideration has a lower coverage in this assessment since the main focus was
on active facilities, thus, the identification of this concern bears higher
uncertainity.

Efforts were made throughout this ecological assessment to focus on all sources
of cobalt and link assessment endpoints and exposure scenarios to industrial
activities to the extent possible. While the vast majority of measured
concentrations where related to identifiable sectors/activities, some relatively
high concentrations found at certain sites in the provincial PWQMN databases or
other sites are not linked to obvious sources. Hence, source apportionment was
not possible at these sites. The cobalt concentrations measured at those sites
may originate from multiple sources or one major source.

The level of uncertainty for source identification for the metal mining and base
metals smelting and refining sectors is low to moderate. The weight assigned is
moderate to high. Some of this information is used to help inform the potential
risk management phase but is still needed to confirm anthropogenic sources of
concern for the determination of toxic under CEPA.

For the following sectors/activities: pulp and paper, leachate (from landfills) and
the manufacture or use of catalysts, the level of uncertainty is lower as these
sources are easier to delineate because concentrations are measured in the
effluent or leachate directly (pulp and paper, leachate) or the quantity treated by
the WWTP is known and the modeled concentrations and the measured
concentrations are relatively similar (manufacture or use of catalysts). For the
same reasons as for the metal mining and base metals smelting and refining
sectors, the weight assigned is moderate to high for the environmental exposure
for these sectors.

Risk quotients, which are based on either modeled or measured concentrations
of cobalt (total or dissolved) were calculated for a variety of sectors and activities
involving cobalt releases. Magnitude and extent of impact in terms of
number/proportions of sites/areas affected were assessed for the main
sectors/activities of concern. The level of uncertainty for the metal mining and
base metals smelting and refining sectors is lower than for the remaining of
sectors/activities of concern. The latter have less estimates/measurements for
environmental concentrations compared to the metal mining and base metals
smelting and refining sectors for which concern was identified at approximately
half of the total number of locations/areas assessed. The relevance in
assessment of such lines of evidence is critical and was attributed a high ranking
for all sectors/activities. The weight assigned to the metal mining and base
metals smelting and refining sectors was moderate to high whereas, the
remaining sectors were attributed a moderate ranking.
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It is acknowledged that the calculation of RQs could have been expressed
including the quantification of confidence intervals or margins based probabilistic
approaches. It is acknowledged that the uncertainty on the determination of risk
for RQs around 1 is very high compared to more elevated RQs. Where possible,
other lines of evidence have been considered for cases where RQs were close to
1 (e.g., petroleum refining sector, see Characterization of Ecological Risk
section).

9.6 Conclusion of ecological risk characterization

Available measured concentrations for all the sites where incidental releases
could be significant were considered and results indicated that a significant
proportion of these sites also have concentrations higher than the background for
all media in Canada in particular for water. As well, the high manufacture and
importation volumes of some of the cobalt-containing substances in Canada
notably elemental cobalt, cobalt sulfate, cobalt chloride and cobalt hydroxide
along with information on their uses and the calculated RQs support the
likelihood that anthropogenic releases of these substances result in
concentrations of the metal at levels higher than local background and effects
thresholds concentrations in the Canadian environment (water, sediment and
soil).

This cobalt moiety-based assessment examined the combined exposures from a
wide range of sources covering all substances that could contribute to loadings of
the moiety in the environment.

Considering the key lines of evidence such as infinite persistence,
bioaccumulation, high inherent toxicity, the magnitude of RQs, the number of
location/areas affected in all media and the established links with anthropogenic
sources and releases, there is risk of harm to organisms from cobalt and soluble
cobalt compounds in Canada. Cobalt and soluble cobalt compounds have been
determined to meet the persistence criteria but do not meet the bioaccumulation
criteria as set out in the Persistence and Bioaccumulation Regulations of CEPA.

10 Potential to Cause Harm to Human Health
10.1Health Effects Assessment

The human health risk of four cobalt-containing substances that are included in
the grouping were assessed during the earlier Challenge initiative of the CMP
(elemental cobalt, CAS RN 7440-48-4; cobalt chloride, CAS RN 7646-79-9; two
cobalt sulfates, CASRN 10124-43-3 and CAS RN 10393-49-4) (Environment
Canada, Health Canada 2011a). The details of the health effects database for
these substances can be found in the Health Effects Assessment section and the
Appendix VI of the Cobalt  screening assessment  report
(http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=8E18277B-1)
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(Environment Canada, Health Canada 2011a). While a tabulation of the health
effects database considered in this cobalt and cobalt-containing substances
screening assessment is provided in a supporting document (HC 2016), a
summary of the health effects can be found in Tables E-1 and E-2 of Appendix E.

Justification for a moiety-based assessment

Stopford et al. (2003) and CoRC (2010a) conducted in vitro bioaccessibility
studies to investigate the solubility of various cobalt compounds in artificial
physiological fluids. Their findings demonstrated that almost all cobalt
substances are completely soluble under physiologically relevant concentrations
and pH conditions similar to those found in gastric juice (approximately pH 1.5).
The studies also demonstrated that all the soluble cobalt substances release
toxicologically equivalent divalent cobalt (Co?*) moiety. The divalent cobalt
moiety is highly soluble and readily bioavailable compared to trivalent cobalt
moiety, which is usually found in insoluble oxides or hydroxides. Accordingly, the
systemic health effects of cobalt substances are expected to be primarily due to
Co?* while the local health effects are expected to result from the combination of
released ions and parent compound at the point of contact (Reviewed in ATSDR
2004; IPCS 2006; IARC 2006). In addition, the in vitro studies available for a
wide range of cobalt carboxylates indicated that bioavailability (under
physiological conditions), pharmacokinetics and toxicicological effects were
independent of the counter ion (Stopford et al. 2003; Firriolo et al. 1999).
Consistent observations were made in an in vivo acute toxicity study in rats
exposed to a series of soluble cobalt salts. The median lethal dose (LDsp) values
for the majority of the substances were in the range of 140 to 190 mg Co/kg bw.
The investigators concluded that the LDsg values (calculated based on the dose
of Co*" ions) were within a factor of two for many of the bioavailable cobalt
compounds, regardless of the counter ion (Speijers et al. 1982). However, LDsg
values for insoluble cobalt substances could be significantly different from the
above observation (e.g.: LDso for cobalt sulphide is >3200 mg Co/kg bw).

The available data support the concept of using the health effects data from
cobalt moiety to characterize health effects for bioavailable cobalt substances.
Use of health effects data from highly bioavailable cobalt substances to
characterize health effects of less bioavailable substances is considered
conservative.

Toxicokinetics

Cobalt is an essential component of vitamin B2, which serves as a cofactor in
the synthesis of methionine and metabolism of folates and purines. The
recommended daily allowance of vitamin Bj, in adults is 2.4 pg/day and the
cobalt content in this dose is about 0.1 pg/day (ATSDR 2004; Health Canada
2010 and IOM 1998). Cobalt in vitamin B, remains bound and does not affect
the free cobalt levels in the body. As a result, cobalt in vitamin B;, does not
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contribute to any potential negative health effects of the free cobalt ion in humans
or in animals. After oral exposure, cobalt salts completely or nearly completely
dissociate into the Co?* ion and the anionic component. The Co** ion is rapidly
absorbed through the small intestine (Ayala-Fierro et al. 1999). While the
absorption of ingested cobalt can vary from 3-97% from individual to individual
depending on the dose, form and nutritional state; the majority of people have an
absorption fraction in the range of 15-35% for soluble cobalt chloride and 1-3%
for relatively insoluble cobalt oxide (Christensen et al. 1993, Leggett 2008). One
study in humans observed that gastrointestinal (GIl) uptake of cobalt was
significantly higher in females than in males (Christensen et al. 1993). Studies
have shown that fasting individuals or those who have low iron levels absorb
more cobalt than healthy, adequately nourished individuals. It is considered that
cobalt and iron share a common absorptive intestinal pathway, though the cobalt
absorption does not require binding to ferritin,an iron binding protein in the body
(ATSDR 2004; Harp and Scoular 1952; Smith et al. 1972; Sorbie et al. 1971;
Reuber et al. 1994; Valberg et al. 1969).

Following inhalation exposure to cobalt, mainly in the metallic form in the
occupational setting and as cobalt oxides in airborne dust, the deposition pattern
in the respiratory track primarily depends on the particle size. Larger particles
(>5um) deposit in the nasopharyngeal region of the upper respiratory track while
smaller particles deposit in the tracheobronchiolar region (2-5 um) and the
alveolar sacs (1 um or less) of the lower respiratory track (Klaassen 2001). Once
deposited, larger particles and physiologically insoluble particles can undergo
mechanical clearance or be transferred to the Gl tract and therefore have low
systemic absorption. Small particles which are more water soluble can be
absorbed and distributed via lymphatic and vascular systems (Bailey et al. 1989;
Collier et al. 1989). Studies in hamsters indicated that approximately 30% of
inhaled cobalt oxide was absorbed through the lungs (Wehner et al. 1977).

In general, in vivo animal studies indicate that dermal absorption of cobalt is
relatively low (ATSDR 2004; Horev-Azaria et al. 2011; Lauwerys and Lison
1994). However, some positive skin sensitization reactions and elevated urinary
elimination of cobalt in human volunteers exposed under experimental settings
demonstrate that cobalt can be absorbed through intact skin (Scansetti et al.
1994). In vitro studies of dermal absorption of highly soluble cobalt substances
also indicate that dermal absorption of Co?* is low and therefore, the authors
concluded that “percutaneous uptake is a negligible route for risk
characterization”(CoRC 2010a). Other in vitro absorption studies have shown
that when cobalt powder dispersed in synthetic sweat (pH 4.5) was applied to
outer skin, a substantial amount of cobalt can penetrate through damaged skin
compared to intact skin (Filon et al. 2009).

Cobalt does not undergo metabolism within the body, but, rapidly transforms to

Co?* upon dissolution. Following absorption, cobalt is distributed throughout the
body with the highest concentrations noted in the liver and kidney. Intravenous
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administration of radioactive cobalt chloride indicated that liver is the main
repository soon after administration and could hold about 20% of the total body
burden of cobalt (Elinder and Friberg 1986). The blood clearance appears to be
triphasic, with half lives of 0.5, 2.7 and 59 days (Morsy et al. 1970). Cobalt is
eliminated via both urine and faeces. In general, faecal elimination is the primary
route of elimination for unabsorbed cobalt while for absorbed cobalt; renal
elimination plays a predominant role (Leggett 2008). Human and animal studies
demonstrated that cobalt elimination is multi-phased and most of the cobalt is
eliminated rapidly from the body regardless of exposure route. Inhalation
exposure of cobalt particles in occupational settings showed first rapid
elimination (ty2 in the range of 2-44 hrs) mainly due to mucociliary clearance of
particles deposited in the tracheobronchial region, followed by slower elimination
(t22 in the range of 10-78 days), which may represent macrophage mediated
clearance of cobalt particles from the lung and finally long term retention of
relatively insoluble cobalt (eg: cobalt oxide) in the deep regions of the lungs with
the half-life in the order of years (Mosconi et al. 1994). Oral intakes of cobalt by
human volunteers showed a long-term biological half-life extending up to 625
days (Beleznay and Osvay 1994; Leggett 2008). Smith et al. (1972) studied the
total body retention of cobalt in healthy human volunteers after receiving radio-
labelled cobalt chloride (®°°CoCl,) by intravenous injection. The biological half-
lives and the retention were reported as 0.5 days (44%), 6 days (32%), 60 days
(13%) and 800 days (11%). A similar retention pattern was reported by
Letourneau et al. (1972) for exposure to **CoCl, via intravenous injection. Intra-
peritoneal injection of rats with radiolabeled cobalt showed that the initial
retention of the majority of cobalt was found in liver; but the long-term retention
was primarily in skeleton followed by skeletal muscle, liver and kidney (Barnaby
et al. 1968). Cobalt content in skeleton and skeletal muscles increases over time
after initial exposure (Leggett 2008).

Health effects in humans

Cobalt is known to stimulate the production of red blood cells and is a potent
erythropoietin transcription inducer (Davis and Fields 1958; Unice et al. 2012). A
transient increase in red blood cell numbers and haemoglobin levels
(polycythemia) was observed in a study of six adult male volunteers dosed orally
with cobalt chloride at approximately 1 mg Co/kg bw per day for 3 weeks (Davis
and Fields 1958). Similar effects were observed in patients on dialysis given
cobalt chloride as treatment for anaemia at approximately 0.16 to 0.32 mg Co/kg
bw per day for several months (Duckham and Lee 1976; Taylor et al. 1977). In
contrast, pregnant women given cobalt chloride during the third trimester at 0.45
to 0.62 mg Co/kg bw per day did not have increased haemoglobin and red blood
cells. In addition, no developmental effects of the fetuses were observed
following treatment of pregnant women with cobalt chloride (Holly 1955). Children
(ages 5 to 9 years old) dosed up to 1.8 mg Co/kg bw per day showed no change
in hemoglobin levels (Jaimet and Thode, 1955 as reviewed by Finley et al. 2012).
While polycythemia is considered a desirable effect in anaemic patients, long-
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term polycythemia may result in slower blood flow to vital organs due to
increased thickness of blood. Some of the initial secondary symptoms may
include headaches, blurred vision, a ruddy complexion, increased blood
pressure, titinnus and dizziness. These patients may also experience itchy skin,
especially after shower, due to the release of histamine by increased numbers of
white blood cells. In severe cases, slow blood flow can also cause blood clots,
which increase the risk of heart attack, stroke and blockage of lungs.
Polycythemia is a reversible haematological effect, where exposed individuals
returned to normal levels after cobalt treatment ended. It has also been
suggested that large quantities of cobalt salt may be administered to athletes as
an alternative blood doping agent due to its ability to induce erythropoietin
(Simonsen et al. 2012). The lowest end of the dose range which did not result in
polycythemia in pregnant women, that is 0.45 mg Co/kg bw per day
(corresponding 290 pg/L whole blood cobalt concentration derived using the
biokinetic model documented below) was identified as the suitable endpoint for
risk characterization of oral exposure to cobalt by the general population.

Reversible thyroid effects have been reported in some individuals orally exposed
to cobalt. Thyroid hyperplasia and enlargement were reported in some anaemic
children who underwent cobalt therapy at doses of 2.8 to 3.9 mg Co/kg bw per
day for 3 to 8 months (Gross et al. 1955; Kriss et al. 1955). Roche and Layrisse
1956 reported decreased iodine uptake in healthy adults administered 0.97 mg
Co/kg bw per day for two weeks while Paley et al. 1958 reported similar
observations in two out of 4 patients orally administered 0.54 mg Co/kg bw per
day for 10-21 days. In contrast, thyroid effects have not been observed in some
anemic children orally administered 1.8 mg Co/kg bw per day for 10 weeks or in
any of the mothers or their offspring of pregnant women treated with cobalt
chloride at 0.45 to 0.62 mg Co/kg bw per day (Holly 1955; Jaimet and Thode,
1955 in Finley et al. 2012).

In mid-1960s, a series of case reports were published on the mortalities among
heavy beer drinkers in North America and Europe due to cardiomyopathy, which
is a chronic disease of heart muscle, characterized by abnormal
electrocardiograms, enlarged heart, left ventricular failure, diminished myocardial
compliance and pericardial effusion, as well as by extensive intracellular
changes, including alterations in the myofibrils, glycogen and cellular
mitochondria (Paustenbach et al. 2013). The individuals in these studies
chronically drank large quantities of beer containing cobalt sulfate, which was
added by some breweries as a foam stabilizer. Thyroid hyperplasia was also
reported in some of the heavy beer drinkers. The exposure to cobalt from beer in
these individuals was estimated to be 0.04 to 0.14 mg Co/kg bw per day, based
on a cobalt concentration in beer of 1 to 1.5 mg/L and consumption of 8 to 30
pints (4-14 liters) per day (Bonenfant et al. 1969; Alexander 1972; reviewed in
ATSDR 2004; IPCS 2006). The reported dose estimates in these beer drinkers
have a large degree of uncertainty, because the concentration of cobalt in the
beer and amount of beer consumed by the individuals as well as their body
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weights are not well documented. These beer drinkers were malnourished and
known to consume a protein-poor diet leading to low circulating blood proteins.
As a result, it is considered that these subjects were increasingly susceptible for
cobalt toxicity due to the presence of elevated levels of non-protein-bound cobalt
(free cobalt) in blood and cardiac tissues. Kesteloot et al. 1968 reported that well-
nourished beer drinkers who consumed similar quantities of cobalt sulphate-
treated beer did not develop cardiac problems. Authors of a recent cross-
sectional survey conducted in a cobalt production facility in Belgium concluded
that there was no dose-response relationship between occupational cobalt
exposure, as determined by urinary cobalt concentrations, and parameters
reflecting dilated cardiomyopathy (Lantin et al. 2013).

While it is unlikely that a healthy population would be susceptible to similar
cardiac damage, the lower range of the estimated intake, that is 0.04 mg Co/kg
bw per day (corresponding to 26 pg/L whole blood cobalt concentration derived
from the biokinetic model documented below) from the case studies involving
cobalt exposure from beer consumption was selected as the most conservative
endpoint for the risk characterization of the oral exposure of cobalt.

The lowest exposure level associated with respiratory effects were reported in a
cross-sectional study of individuals occupationally exposed in the diamond
industry in which the cohorts were exposed to airborne cobalt dust from the use
of cobalt-containing polishing discs (Nemery et al. 1992). In this study, 194
diamond polishers (166 men and 28 women) from the diamond polishing industry
in Belgium and 59 workers from other workshops (control group) in the diamond
industry were examined. The individuals were divided into three exposure
categories: control (mean environmental air concentration of 0.0004 = 0.0006 mg
Co/m®), low (mean environmental air concentration of 0.0053 + 0.0032 mg
Co/m®) and high (mean environmental air concentration of 0.0151 + 0.0117 mg
Co/m®). Exposure groups were defined based on air measurements at the time of
the study, and exposure was confirmed by the measurement of cobalt in urine.
The duration of employment was not noted. In the high exposure group,
significant increases in the prevalence of eye, nose and throat irritation, cough
and reduced lung function were reported. Although some symptoms, such as
cough and phlegm were reported in the low exposure group, these symptoms
were not statistically significant compared to control values. Air concentrations of
0.0053 mg Co/m® and 0.0151 mg Co/m>were determined as the no- observed-
adverse-effect-concentration (NOAEC) and the lowest-observed-adverse-effects-
concentration (LOAEC), respectively. The LOAEC of 0.0151 mg Co/m?® was
considered the critical effect level for the risk characterization of inhalation
exposure of cobalt.

Cobalt has been classified for dermal sensitization by the EU (“may cause
sensitization by skin contact”). Several assays for skin sensitization in mouse
lymph node assay (LLNA) show that cobalt is a potential skin sensitizer (CoRC
2010d, f, CoRC 2013 a, b, Ikarashi et al. 1992a, b). Skin sensitization has been
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reported in studies with human volunteers, individuals occupationally exposed to
cobalt and in clinical trials (CoRC 2010a; Pratt et al. 2002; Uter et al. 2005). In a
human study, when volunteers were exposed to cobalt chloride at 0.02 mg/m?,
positive results for skin sensitization was reported for 5 men and 30 women
(CoRC 2010a). Similarly, positive results were observed for in vitro skin corrosion
assay using the Human Skin Model, skin sensitization in mouse local lymph node
assay and in vivo guinea pig maximization test and guinea pig adjuvant and
patch test (Yamano et al. 2006; Yanagi et al. 2001). Contact dermatitis in
humans is common: in several large studies, patch tests have detected
sensitization to cobalt in up to 10% of patients (ATSDR 2004; IPCS 2006).

The EU has also classified cobalt as an inhalation sensitizer:*“may cause
sensitization by inhalation”. Bronchial asthma has been described in workers
exposed to various forms of cobalt, including ‘pure’ cobalt particles and other
cobalt compounds including cobalt salts (Nemery et al. 1992; Swennen et al.
1993; ATSDR 2004).

Derivation of whole blood cobalt concentrations

Cobalt is one of the chemical substances measured as part of the Canadian
Health Measures Survey (CHMS) biomonitoring study. Cobalt was measured in
the blood and urine of over 6000 Canadians aged 3 to 79 years at 18 sites
across Canada from 2009 to 2011(Health Canada 2013). In order to use the
blood cobalt levels measured in the CHMS biomonitoring study in the general
population for risk characterization, the corresponding whole blood cobalt
concentrations at the points of departure in experimental animals and in
epidemiology studies are required. As very few dosing studies in experimental
animals or humans have measured blood cobalt concentrations, a biokinetic
model was used. Biokinetic models describe the biological behavior of inorganic
cobalt in humans and laboratory animals, and provide a method to convert oral
doses to corresponding blood cobalt concentrations at the point of departure
(Leggett 1998; Unice et al. 2012 and Finley et al. 2012). The model proposed by
Leggett (2008) is one of the most comprehensive biokinetic models for cobalt,
because this model is based on a large database of literature on the distribution
of inorganic cobalt in humans and experimental animals. Furthermore, the model
was developed with the intention of incorporating a physiologically realistic
framework that represents the cycling of cobalt between blood and tissues and
the transfer to the excretory pathways. Unice et al. (2012) used the Leggett
(2008) biokinetic model along with a standard human alimentary track model
(ICRP 2006). The objective of this model is to predict urinary or blood cobalt
levels following different ranges of exposure: from acute or chronic oral
occupational exposures, medicinal therapy, dietary and supplemental intake or
other non-occupational exposures.

The blood cobalt concentrations are considered to be representative of steady-
state exposure, while urine concentrations are representative of more recent
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exposure. Urinary levels decline rapidly within 24 hrs after exposure ceases
(Alexandersson et al. 1988). Furthermore, cobalt does not undergo metabolism
in the body. Since there are no metabolites, it is possible to assume that the
blood cobalt concentrations are in a relative steady-state with tissue
concentrations. Therefore, the estimation of blood cobalt concentrations is
considered to be a better biomarker of cobalt exposure than the urine cobalt
concentrations.

A recent publication by Finley et al. (2012) used the Unice et al. (2012) biokinetic
model to predict the whole blood and urine cobalt concentrations for a number of
health effect endpoints for cobalt. In this publication, the GI absorption fraction
and body weight were assumed as 15% and 70 kg, respectively. The estimated
whole blood cobalt concentrations for the oral dose levels (0.04 mg Co/kg bw per
day) for cardiomyopathy in malnourished beer drinkers were in the range of 15 to
34 pg/L. The whole blood cobalt concentration at the LOAEL (approximately 1
mg Co/kg bw per day) for polycythemia in healthy male volunteers was 320 pg/L
and the NOAEL (0.53 mg Co/kg bw per day) for polycythemia in pregnant women
was 200 ug/L (Finley et al. 2012). Furthermore, the authors of this publication
concluded that blood cobalt concentrations are a valuable predictor of adverse
health effects.

Health Canada (Nong et al. 2013) used the same Unice et al. (2012) model with
the fractional Gl absorption of 25% to derive the whole blood cobalt
concentration at the point of departure for beer drinkers’ cardiomyopathy.
Although there is an indication of gender variation in cobalt absorption, when the
absorption fraction in both men and women were combined, most individuals
have an absorption fraction in the range of 15%-35% for soluble cobalt
(Christensen et al. 1993; Leggett 2008). The central tendency of this absorption
range, which is approximately 25% was applied in deriving whole blood cobalt
concentration. This range for soluble cobalt is also consistent with inorganic
cobalt absorption in mature rats; with Gl absorption ranges from 13% to 34% for
cobalt chloride while only 1%-3% for insoluble cobalt oxide (ATSDR 2004). Unice
et al. (2012) reported daily intakes and estimated average blood and urine
concentrations of cobalt for short (1 day) to continuous daily long-term (365 days)
exposure (Table 1 in Unice et al. 2012). This data was used to generate
regression lines for predicting blood and urine concentrations based on oral
intake. These blood and urine concentrations estimates were based on a 70-kg
person and the authors assumed that the ingested cobalt had an average
fractional absorption of 25%. The longest term of exposure (365 days) estimated
values were used in this regression analysis. The linear relationship between
chronic daily intake and the modeled blood or urine cobalt concentrations after
one year can be described as follows:

1. Cobalt blood concentration (ug/L) = 0.0092 X (cobalt oral intake ug/day)
+0.2374 (R? 0.99)
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2. Cobalt urine concentration (ug/L) = 0.1095 X (cobalt oral intake ug/day) +
0.3741 (R? 0.99)

These regression equations suggest that there is a linear relationship between
oral intake of cobalt and corresponding blood and urine concentrations above an
initial background level of cobalt. The background level is assumed to be the
static essential level stored in the body found in healthy individuals before loss or
intake of cobalt.

For oral dosing studies in which blood cobalt concentrations were not reported,
the blood cobalt concentrations associated with the effects and no-effects doses
were estimated using the above described regression equations derived based
on the Unice et al. (2012) biokinetic model (as shown earlier).

Based on the regression equations described above, the estimated whole blood
cobalt concentration for beer drinkers’ cardiomyopathy based on the point of
departure of 0.04 mg/kg bw per day (equivalent to 2800 ug per day for a 70 kg
person), is 26 pg/L. Similarly, the estimated whole blood cobalt concentration for
polycythemia based on the point of departure of 0.45 mg/kg bw per day
(equivalent to 31 500 pg per day for a 70 kg person), is 290 ug/L.

Unice et al. (2012) and Nong et al. (2013) applied validation methods to
characterize the accuracy of the model predictions. A detailed description of the
validation method applied in Unice et al. (2012) can be found in Finley et al.
(2012) and Tvermoes et al. (2013). In summary, 4 adult male volunteers were
orally exposed to 400 ug/d of cobalt (0.005 mg Co/kg bw per day) in the form of
cobalt chloride as a liquid ionic cobalt supplement (Mineralife) for 14 days. The
blood samples were taken and analysed for cobalt before the dosing and several
times during the dosing. Blood cobalt concentrations before dosing were less
than the detection limit of 0.5 pg/L while the mean whole blood concentrations of
volunteers at the end of dosing were 3.6 ug Co/L and the ranged from 1.8 to 5.1
png Co/L. Blood monitoring data suggest that 2 of the volunteers reached the
steady state after 8 or 9 days of supplement intake. However, it is unclear
whether the rest of the volunteers reached the steady-state during dosing since
blood cobalt levels were still increasing at the end of the treatment. When the
biokinetic model was applied, for a mean oral absorption rate of 25%, the whole
blood cobalt concentration at the end of 14-day exposure period was reported as
2.4 ug/L. When the mean blood cobalt concentration of the volunteers at the end
of exposure period was compared with the model predictions, the blood Co levels
of the volunteers were within 5% of the concentration range predicted by the
biokinetic model assuming 15-35% GI absorption into systemic circulation. This
indicates that the biokinetic model developed by Unice et al. (2012) accurately
predict the central tendencies for cobalt whole blood concentrations during oral
exposure to cobalt. The human biokinetic model (Unice et al. 2012) applied in
this study indicates that for a mean oral absorption factor of 25%, whole blood
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cobalt concentration is expected to increase by less than 1 pg/L when dosing
period is increased from 14 days to 1 year (Tvermoes et al. 2013).

The second validation method was used by Nong et al. (2013). First, estimates of
daily intake (dietary) were used to predict blood and urine concentrations. Dietary
intake is considered to be the primary source of exposure to cobalt for the
general Canadian population and these estimations were obtained from the Food
Directorate of Health Canada. Secondly, these dietary estimates were used in
conjunction with the regression lines described (equations 1 and 2) above to
predict the corresponding blood and urine concentrations. The predicted blood
concentrations ranged from 0.28 to 0.40 pg/L while urine concentrations ranged
from 0.14 to 1.51 pg/L. These were in turn compared with blood and urine
concentrations measured in CHMS. It was reported that cobalt was detected in
almost 100% of the population with a median whole blood concentration of 0.22
Hg/L and a 95th percentile of 0.40 pg/L (Health Canada 2013). Median and 95th
percentile urine concentrations were 0.25 and 0.97 pg/L respectively (Health
Canada 2013). Hence, the predicted blood and urine concentrations from the
regression equations were within the range of cobalt concentrations measured in
Canadians.

The biokinetic models described here were applied to derive whole blood cobalt
concentrations at the point of departure dose level of oral toxicity studies, where
systemic toxicity was observed. Most of the inhalation toxicity studies on cobalt
are associated with route of entry (pulmonary) effects. The derivation guidelines
for biomonitoring equivalent (BE) (Hays et al. 2008) indicate that it is not
appropriate to derive whole blood or urine chemical concentrations for site of
entry or contact effects, in particular when exposures in the general population
are either from multiple routes of entry. The guidelines published by Hays et al.
(2008) state “Since biomonitoring data cannot distinguish among the routes of
entry for chemical exposures, BEs derived from exposure guidance values
established to protect against route of entry effects could be misleading unless
the exposures for a given chemical are known to occur predominantly by the
route of entry of concern”. Therefore, whole blood or urine cobalt concentrations
were not generated for the point of departure from inhalation toxicity studies.

Health effects in experimental animals and in vitro
Carcinogenicity and Genotoxicity

Occupational exposure studies are insufficient to evaluate the carcinogenicity of
cobalt substances in humans due to confounding effects (IARC 2006). However,
in a 2-yr inhalation study on rats and mice exposed to aerosols of cobalt sulphate
(C0S0,.7H,0) at 0.11, 0.38, or 1.14 mg Co/m® significant increases in benign
and malignant alveolar/bronchiolar tumours in both species and sexes were
observed (significant at high concentration for male mice and rats and significant
at mid and high concentration for female mice and rats) (Butcher et al. 1999;
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NTP 1998). Oral and dermal carcinogenicity studies were unavailable (IARC
2006). However, available short-term and subchronic oral studies in animals or
human case studies do not provide evidence for potential site-specific or
systemic carcinogenicity through oral route. Based on the results of 2-yr
inhalation study in rodents, the International Agency for Research on Cancer
(IARC) has classified elemental cobalt and soluble cobalt (ll) salts as Group 2B
carcinogens (possibly carcinogenic to humans) based on inadequate evidence in
humans and sufficient evidence in experimental animals (IARC 2006). On similar
basis, cobalt chloride and cobalt sulfate have been classified by the European
Commission as Category 2 for carcinogenicity (should be regarded as if it is
carcinogenic to man) (ESIS 2006; European Commission 2004a, b). The United
States National Toxicology Program (NTP) considers cobalt sulfate to be
‘reasonably anticipated to be a human carcinogen” based on sufficient evidence
of carcinogenicity in experimental animals (NTP 2005).

In 2014, NTP conducted a chronic inhalation study by exposing male and female
rats and mice to particulate aerosol of cobalt metal at concentrations of 0, 1.25,
2.5, or 5 mg/m® for two years. Similar to the above noted study which used cobalt
sulfate, this study reported increased incidences of alveolar/bronchiolar adenoma
and carcinoma in the lung. However an increased incidence of benign and
malignant pheochromocytoma of the adrenal medulla, and an increased
incidence of pancreatic islet adenoma or carcinoma (combined) were noted in
this study, suggesting a toxicological profile, specific to the metal form. Further,
the occurrences of cystic keratinizing epithelioma of the lung and of renal tubule
adenoma or carcinoma (combined) were also considered potentially related to
exposure. Based on theses evidence, the NTP (2014) concluded that there was
“clear evidence of carcinogenic activity of cobalt metal” in male and female
F344/NTac rats and in male and female B6C3F1/N mice. Consistent with these
recent classifications, the NTP fourteenth report on carcinogens has listed the
class of cobalt and cobalt compounds that release cobalt ions in vivo as
‘reasonably anticipated to be human carcinogens”. This listing is based on
sufficient evidence of carcinogenicity in experimental animals through inhalation
exposure and exposure via injection (site-specific tumors) and supporting data
from studies on mechanisms of carcinogenesis (NTP 2016).

In vitro and in vivo genotoxicity data indicate that elemental cobalt and cobalt-
containing substances have the potential to cause DNA and chromosome
damage. In 2004, cobalt chloride and cobalt sulfate are classified as Category 3
mutagens (“‘cause concern for man owing to possible mutagenic effects”) by the
European Commission (ESIS 2006; European Commission 2004a,b). In a recent
review of all available mutagenicity and genotoxicity data of cobalt by the OECD
Cooperative Chemicals Assessment Meeting (CoCAM), it was concluded that
“soluble cobalt salts do not elicit any mutagenic activity either in bacterial or
mammalian test systems” (OECD 2014). The observed in vitro genotoxicity of
cobalt is likely mediated by indirect mechanisms including the generation of
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reactive oxygen species, increased oxidative stress, and inhibition of DNA repair
enzymes (reviewed in IPCS 2006; OECD 2014).

While there are no oral studies on carcinogenicity of cobalt, the available
inhalation studies on rats and mice (Butcher et al. 1999; NTP1998) indicate that
the point of departure for carcinogenic effects were approximately 25 times
higher than the dose levels that reported for non-carcinogenic effects such as
reduced lung function in workers exposed to cobalt dust (Nemery et al. 1992).

Reproductive and developmental effects

Cobalt chloride and cobalt sulfate are classified by the EU as Category 2
Reproductive toxicants (“should be regarded as if they impair fertility in humans”)
(ESIS 2006; European Commission 2004a,b). No data on the potential for
reproductive toxicity of elemental cobalt or soluble cobalt (Il) salts in humans
were available; however, effects on the male reproductive system have been
observed in rodents. Male mice were administered cobalt chloride in the drinking
water at 0, 200, 400 or 800 ppm (0, 9.9, 19.8, 39.7 mg Co/kg bw per day) for 12
weeks, and then mated with untreated females. At all doses, there were
decreased implantations, increased number of resorptions, decreased number of
viable fetuses, and decreased sperm counts; and at the two higher doses, there
was also decreased relative testes weight, and testes necrosis and degeneration
(Elbetieha et al 2008). Reduced fertility, decreased sperm concentration and
motility, testicular atrophy, degeneration and necrosis were also reported in
several other studies in male mice and rats given higher oral doses of cobalt
chloride (Anderson et al. 1992, 1993; Corrier et al. 1985; Domingo et al. 1985;
Mollenhaur et al. 1985; Nation et al. 1983; Pedigo et al. 1988; Pedigo and
Vernon 1993). In a 13-week study in mice exposed to cobalt sulfate aerosols by
inhalation, sperm motility was decreased at 1.14 mg Co/m?® and higher; and at
11.38 mg Co/m?, there was testicular atrophy, increased abnormal sperm, and
decreased testes weight (Bucher et al. 1990; NTP 1991).

In pregnant rats administered cobalt sulfate by gavage at 5.2, 10.5, or 21 mg
Co/kgbw per day during gestation, there was a statistically significant increase in
frequency of skeletal malformations, decreased pup body weight at postnatal
days 1 and 7, decreased survival from birth to postnatal day 5, and delays in
postnatal developmental parameters (ear opening, incisor eruption, descending
of testes, swimming performance and auditory reflex) at all dose levels relative to
controls. By postnatal day 21, body weight, developmental parameters, and
survival rates (day 5-21) had returned to control levels. Some maternal toxicity
was observed at the high dose (increased relative weight of liver, adrenals and
spleen; serum alterations) (Szakmary et al. 2001).

The reproductive and developmental effects of cobalt in experimental animals

occur at dose levels more than 100 times higher than the dose level reported for
beer drinkers’ cardiomyopathy, which is the lowest dose level associated with
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adverse health effects. Therefore, reproductive and developmental effects were
not considered as critical health effects for human health risk characterization.

Other health effects

In short term oral studies, when rats were treated with cobalt chloride
hexahydrate for 8 weeks, increase in red blood cell (erythrocytes) numbers
(polycythemia) was reported at 2.5 mg Co/kg bw per day (Stanley et al. 1947). In
a subchronic study on cobalt chloride in rats, transient increase in red blood cells
and increased haemoglobin were observed at doses of 0.5 mg Co/kg bw per day
and persistent polycythemia at 2.5 mg Co/kg bw per day (Krasovskii and
Fridlyand 1971). Similar effects have also been reported in humans exposed to
cobalt substances.

In rats administered cobalt sulfate in the diet for 24 weeks at 8.4 mg Co/kgbw per
day, cardiac enzyme activity and mitrochondrial ATP production were
significantly reduced. The hearts of treated animals were isolated and were found
to have left ventricular hypertrophy and impaired ventricular function (Haga et al.
1996; Clyne et al. 2001). Cardiomyopathy has been observed in guinea pigs
exposed through oral gavage to cobalt sulfate at 20 mg Co/kg bw per day for 5
weeks (Mohiuddin et al. 1970) and also in rats exposed to a single gavage dose
of 176.6 mg Co/kgbw (Speijers et al. 1982). Thyroid necrosis was observed in
mice dosed by the oral route for 15 to 45 days with cobalt chloride at 26 mg
Col/kg bw per day (Shrivastava et al. 1996).

Exposure of rats to cobalt substances resulted in neurological effects including
mild to moderate reduction in spontaneous activity, muscle tone, touch response
and respiration for single gavage exposure of 4.24 mg Co/kg as cobalt chloride
(Singh and Junnarkar 1991). Long-term exposure of rats to cobalt chloride
resulted in a significant increase in the latent reflex period at or above 0.5 mg
Col/kgbw per day (Krasovskii and Fridlyand 1971).

In 13-week and 2-year inhalation studies, when rats and mice were administered
cobalt sulfate in the dose range of 0 to 11.38 mg Co/m® a ‘spectrum of
inflammatory, fibrotic and proliferative lesions in the nose, larynx and lung were
reported. The severity of the effects was increased with the increasing dose
levels in both species (Bucher et al. 1990, 1999; NTP 1991, 1998).

Confidence in health effects characterization

The confidence in the health effects database on cobalt moiety is moderate. Data
on acute toxicity, repeated-dose toxicity, carcinogenicity, genetic toxicity, and
reproductive and developmental toxicity in experimental animals are available,
although no chronic oral studies are available. Studies in humans include
occupational exposure to inhaled cobalt, short-term oral studies on cobalt salts in
anaemic patients and volunteers, longer-term oral exposure to cobalt sulfate in
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beer drinkers, and in individuals taking cobalt compounds as health supplements.
The database is limited by the small number of subjects in the oral studies on
humans, as well as by the absence of healthy controls in those studies.
Inhalation studies in humans are limited as most are in occupational scenarios
where other substances are present (i.e. hard metals), and exposures are difficult
to characterize.

Confidence in the use of a moiety approach for health effects characterization is
moderate. Studies on solubility and bioavailability of several cobalt substances
indicate that most inorganic cobalt substances are soluble and bioavailable under
physiological conditions (Stopford et al. 2003; CoRC 2010a). Available rodent
studies that compare the acute toxicity of several organic cobalt substances
demonstrated that soluble cobalt substances have relatively similar acute toxicity
regardless of the counter ions (Firriolo et al. 1999; and Speijers et al. 1982;
Stopford et al. 2003). These observations support the application of health
effects data of cobalt moiety to characterize the health effects of soluble cobalt
substances within the grouping. However, limited toxicity data are available on
less bioavailable cobalt substances. The applicability of this approach for less
soluble cobalt substances is uncertain, as it may lead to greater conservatism for
these substances. Similarly, limited data are available on organometallic and
UVCB cobalt substances. However, the characterization of risk is based on the
most conservative toxicological endpoints in the database, which is considered to
account for uncertainties in the health effects database of the grouping.

Confidence in the biokinetic model used in predicting whole blood cobalt
concentrations at the point of departure of beer drinkers’ cardiomyopathy is
moderate. The biokinetic model described in Leggett (2008) was based on a
large database of literature on cobalt distribution in humans and animals and has
also incorporated physiological factors necessary for the reliable estimation of
the exchange of cobalt between key tissue compartments and blood.
Furthermore, the validation methods suggest that the biokinetic model described
in Unice et al. (2012) accurately predicts the central tendencies of whole blood
cobalt concentrations for various exposure scenarios investigated. The
confidence in use of blood cobalt as a measure of steady-state exposure is high
as is confidence in use of blood cobalt levels, at the point of departure in the
health effects study, as an effect level for cardiomyopathy and polycythemia in
humans.

10.2 Exposure Assessment

Cobalt is a naturally occurring element and is an element in the Earth’s crust with
an average concentration of 0.0025% (ATSDR 2004). As a result of both natural
occurrence and anthropogenic use, cobalt is present in soil, household dust,
airborne particulate matter, surface, ground and drinking water as well as food.
The levels of cobalt in environmental media and food in Canada which were used
to estimate cobalt intakes are described below; average estimates of daily intake
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and data tables are presented in Appendix G. In addition to environmental media
and food, other sources of potential exposure to cobalt include use products
containing cobalt and current or historical industrial point sources such as mines.

Biomonitoring data are available for the general Canadian population as well as
individuals with elevated exposure. The measurement of cobalt in blood and
urine represents exposure from all sources. Typical analytical methods used to
measure inorganic substances such as cobalt are not able to identify the different
cobalt oxidation states or substances (e.g. elemental, ionic, oxide, or specific
salt) therefore, the biomonitoring data integrates exposure from not only all
sources but also from all cobalt substances, both natural and anthropogenic,
which release the cobalt moiety (including but not limited to the categorized
substances listed in Table A-1). The summary of cobalt levels in environmental
media and food in Canada are presented following the biomonitoring data.

Biomonitoring Data

Cobalt has been measured in a wide variety of biological media including whole
blood, serum, plasma, urine, human tissues, human milk, nails, and hair (ATSDR
2004); concentrations in blood and urine are presented in Appendix F, Table F-1
and F-2. In April 2013, the Government of Canada released national cobalt
biomonitoring data collected from 2009 to 2011 as part of the CHMS. Cobalt was
measured in the blood and urine of over 6000 Canadians aged 3 to 79 years at
18 sites across Canada from 2009 to 2011. In order that the results of the CHMS
be representative of the entire Canadian population sample weights were
applied. The weighted data represents 96.3% of the Canadian population.
People living on reserves or in other Aboriginal settlements in the provinces,
residents of institutions, full-time members of the Canadian Forces, persons
living in certain remote areas, and persons living in areas with a low population
density were excluded. The CHMS is not a targeted survey, thus did not target
individuals with high cobalt exposures. Cobalt was detected in blood in almost
100% of the population with a median whole blood concentration of 0.22 pg/L
and a 95" percentile of 0.40 pg/L (Health Canada 2013). Median and 95™
percentile urine concentrations were 0.25 and 0.97 pg/L respectively with
detection in 93% of the population (Health Canada 2013). There were no
differences in cobalt blood concentrations by age. Urinary cobalt concentrations
were significantly higher in children 3 — 19 over adults. Generally urine
concentrations are observed to decline with age. Females had higher blood and
urine concentrations than males, but this was only statistically significant at the
95™ percentile concentrations. Females have higher blood and urine cobalt
concentrations than the total population; however these differences were not
statistically significant.

Concentrations of cobalt measured in adults in Quebec City, adults in the west

coast of British Columbia, and children in Alberta are similar to cobalt
concentrations in the general population of Canada as measured in the CHMS
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but lower than cobalt concentrations measured in pregnant women in Alberta
(Alberta Health and Wellness 2008; Clark et al. 2007; INSPQ 2004; Government
of Alberta 2010). Increases in cobalt blood concentrations during pregnancy,
followed by a decline postpartum, have been observed in other studies (Hansen
et al. 2011). Cobalt readily crosses the placenta and concentrations in cord blood
are reflective of maternal blood concentrations (Ziaee et al. 2007). Cobalt sera
concentrations have been shown to rise in infants immediately after birth upon
initiation of feeding (human milk or formula) (Krachler et al. 1999). Generally,
serum concentrations of cobalt are slightly higher than whole blood
measurements. Urinary cobalt concentrations in Canadians are similar to those
measured in the United States as part of the 2009-2010 National Health and
Nutrition Examination Survey (NHANES) (US CDC 2013), in France 2006-2007
(Fréry et al. 2010), and in Germany (Heitland et al. 2006).

Elevated concentrations of cobalt in the blood have been measured in people
following occupational exposure to cobalt and those with metal-on-metal hip
replacement but these subpopulations are not within the scope of this
assessment.

Total cobalt measured in whole blood is representative of cobalt exposure from
all routes and all sources including environmental media, diet, frequent or daily
use products, and vitamin Bi,. Due to its natural presence in vitamin B;, and
considering that vitamin Bi, is essential for human health, cobalt will always be
present in humans. Vitamin B, was measured in the serum of Canadians
participating in the CHMS (MacFarlane et al. 2011, Statistics Canada 2013).
Children (3 to 11 years) have significantly higher vitamin B;, concentrations than
adults. Median and 95™ percentile serum concentrations of vitamin Bi, in
Canadians aged 3 to 79 years were 0.42 and 0.85 pg/L respectively. Based on
the cobalt and vitamin B;, measurements in the CHMS, vitamin B, is estimated
to account for approximately 10% of total cobalt measured in blood; this has also
been reported in other studies (Hansen et al. 2011). The cobalt in vitamin B, is
sequestered and not bioavailable as the free cobalt ion. Cobalt blood
concentrations from the CHMS are representative of steady-state exposure,
while urine concentrations are representative of more recent exposure. Urinary
levels decline rapidly within 24 hours after exposure ceases (Alexandersson et
al. 1988). Inter-individual differences in cobalt absorption in the Gl tract are large
and are impacted by the form of cobalt, the dose of cobalt, the nutritional status
and iron levels of the subjects (ATSDR 2004). Studies in animals have
suggested that children may absorb more cobalt from foods and liquids
containing cobalt than adults (ATSDR 2004) and that female have higher
absorption than males (Christiansen et al. 1993 from ATSDR 2004). Once
absorbed and distributed through the body, cobalt is excreted predominantly in
the urine and to a lesser extent the feces (US CDC 2009). Unabsorbed cobalt is
primarily excreted in the feces.

Environmental Media and Food
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As described in the Sources, Uses and Releases to the Environment section of
this report, there are natural and anthropogenic sources of airborne cobalt. In
Canada between 2003 and 2008 over 4500 measurements of cobalt in outdoor
(ambient) air were collected and analysed by the National Air Pollution
Surveillance (NAPS) Program from 18 sites across Canada (Table G-4). Under
this nation-wide program, filter-based samples of particulate matter (PM) having
aerodynamic diameter less than 10 pm (PMjo) are collected and analysed for a
variety of elements, including cobalt. PM;g is inhalable and therefore potentially
available for systemic absorption. Median concentrations at the 18 sites ranged
from below the limit of detection (LOD), <0.05 to 0.14 ng/m® 95" percentile
concentrations ranged from 0.04 to 0.68 ng/m*® (Sable Island and Halifax, Nova
Scotia, respectively). The maximum reported value was 5.5 ng/m® (Dow
Settlement, New Brunswick) (NAPS 2003 — 2008). Canadian outdoor air data are
also available near several mines and smelters in the region surrounding
Sudbury, Ontario. The Sudbury Area Risk Assessment (SARA 2008) reported
that the vast majority of samples were orders of magnitude less than 10 ng/m®
and an absolute maximum concentration of cobalt in a 24h PM1, sample to be 60
ng/m®. These concentrations measured in Canada are similar to the United
States where mean air concentrations in urban settings range from less than 1 to
2 ng/m? and up to 10 ng/m? near industrial sources (ATSDR 2004).

Health Canada has conducted air quality studies in Windsor, Ontario, Edmonton
and Calgary, Alberta, and Halifax, Nova Scotia. These studies provide data on
concentration of cobalt in a variety of size fractions (PM1, PM2s, and PM;o) and
media personal (Windsor), ambient (Windsor, Calgary and Halifax) and indoor air
(Windsor, Edmonton and Halifax), see Table G-4. While the studies are not
directly comparable, due to differences in sample collection and analysis, when
indoor and outdoor values are available in the same study, median
concentrations in outdoor air were generally higher than indoor and personal air
samples. Overall, for all studies the same PM fractions had similar cobalt
concentrations and the outdoor PMo concentrations measured in the Windsor
exposure assessment study were within a factor of 2 from some of the NAPS
sites (e.g., Montreal, Edmonton and Halifax).

Cobalt soil concentrations are highly variable and cobalt is often found in mineral
deposits, often in association with nickel, silver, lead, copper and iron ores
(ATSDR 2004). Soil and sediments act as primary environmental sinks for cobalt
compounds. In Canada, background cobalt concentrations in soil sources from
various geographical locations are available through the Natural Resources
Canada’s Geological Survey of Canada (GSC). The GSC has reported the
concentration of cobalt in glacial till (geological background) ranges from 0.25 to
95 mg/kg, with a median and 95™ percentile of 7 mg/kg and 23 mg/kg
respectively (Rencz et al. 2006). These results are based on 7398 samples
collected and analyzed between 1956 and 2006. Glacial till is considered to
represent the background concentration (i.e., the normal abundance of cobalt in
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unmineralized soil that is unaffected by anthropogenic activities) (Rencz et al.
2006). The Geological Survey of Canada report indicates Canadian background
cobalt levels are similar to the United States where the average concentration of
cobalt in soil is reported to be 7.2 mg/kg (Barceloux 1999). In 1993, garden soil
was collected within 15 m of 50 Ottawa, Ontario residences, and analyzed for
multiple elements including cobalt (Rasmussen et al. 2001). The median and 95™
percentiles garden soils were 8.05 and 11.58 mg/kg, respectively. In Toronto,
Ontario, Wiseman et al. (2013), collected, analyzed and compared the
concentration of cobalt from soil samples adjacent to moderate and high traffic
roads as well as two sites not impacted by traffic. In that study, the median cobalt
concentrations for all soil samples ranged from 6.0 to 10.0 mg/kg and the
minimum and maximum concentrations were 2.3 mg/kg and 21.0 mg/kg,
respectively. Based on this data, minor anthropogenic influences do not
contribute significantly to the variability of cobalt concentrations in soil. The
Canadian House Dust Study (CHDS) provided nationally representative data for
the concentration of cobalt in homes across Canada (Rasmussen 2013). The
CHDS included measurements of total and bioaccessible cobalt from 1 017
homes and is statistically representative of urban residential homes in Canada.
Bioaccessible cobalt concentrations represent the concentrations of cobalt
extracted from the sample under biologically relevant conditions (i.e., in
simulated stomach fluids), in the CHDS cobalt bioaccessibility ranged from 7 to
98%, and the median was 35% (Rasmussen 2013). For total cobalt the median
concentration was reported to be 5.6 mg/kg and the 95" percentile concentration
was reported to be 18.9 mg/kg (Rasmussen 2013). These results are similar to
an earlier study of 48 homes in Ottawa, Ontario, where the median and 95"
percentile total cobalt concentrations were reported to be 8.77 and 13.10 mg/kg,
respectively (Rasmussen et al. 2001). The median and 95" percentile
concentrations of bioaccessible cobalt reported in the CHDS were 2.0 and 5.1
mg/kg respectively (Rasmussen 2013).

Mines are located to take advantage of geological formations enriched in
minerals of interest, therefore soil concentrations of metals in the vicinity of active
or historical mines as well as in the vicinity of refineries are typically higher than
other areas. Site specific assessments have been conducted in several Ontario
communities impacted by mining and refining activites (OMOE 2011, OMOE
2002, SARA 2005). The Ontario Ministry of Environment (OMOE) conducted a
soil study around the Town of Cobalt and Coleman Township (OMOE 2011),
which has been the site of mining activities since 1903. Cobalt concentrations in
soil were measured in areas considered accessible to the general population
(e.g., public green spaces, school yards, residential properties) The mean
concentrations ranged from 6 mg/kg in samples collected on a walking trail to
340 mg/kg in samples collected from exposed tailings (95" percentile
concentrations were reported to be 7 and 1200 mg/kg respectively). Of the 11
sites considered accessible to the general population, 9 of the mean
concentrations were below 40 mg/kg. In Port Colborne, Ontario, which is located
near a metal refinery, cobalt soil concentrations were reported to range from 5 —
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262 mg/kg, with a mean concentration of 51 mg/kg (OMOE 2002). The cobalt in
soil results from the long term atmospheric deposition of cobalt from local stack
emissions (OMOE 2002). Several mines and processing facilities are located in
Sudbury, Ontario and in a study of multiple substances including cobalt reported
an arithmetic mean concentration of cobalt in dust sampled from 86 homes as
55.23 mg/kg (range 6.28 to 246.00 mg/kg) and 28.80 mg/kg (range 13.6 to 45.1
mg/kg) in ten elementary schools (SARA 2005).

While there is currently no Canadian guideline for cobalt in drinking water (Health
Canada 2009c), cobalt is commonly measured in drinking water treatment
facilities and distribution systems in Canada. Drinking water measurements of
cobalt are representative soluble salts and suspended particulate matter.
Provincial data was available from Alberta, Manitoba, Ontario, New Brunswick
and Saskatchewan and the concentrations are reported in Table G-5 (2013
emails from the Water and Air Quality Bureau, Health Canada, to the Existing
Substances Risk Assessment Bureau, Health Canada; unreferenced). Data was
also available from several Canadian cities including Toronto, Ontario, Montreal,
Québec, Winnipeg, Manitoba, Victoria, Brithish Columbia and Ottawa, Ontario
(City of Ottawa 2008, 2009, 2010; City of Winnipeg 2008, 2009, 2010; CRD
Water Services 2008, 2009, 2010, 2011; Montreal 2008, 2009, 2011; Toronto
Water 2008, 2009, 2010). A national survey was conducted in 1981 to determine
the levels of certain inorganic substances, including cobalt, in Canadian
distributed drinking water (Méranger et al. 1981). Based on the representative
samples collected at the tap after 5 minutes of flushing at maximum flow rate, the
survey concluded that cobalt levels did not increase to a significant degree in the
drinking water at the tap when compared with raw and treated water (Health
Canada 2009b).Therefore, it is considered that levels measured in treatment
facilities and distribution systems are representative of tap water levels and the
source of cobalt in drinking water is associated with the raw water entering
treatment facilities. Cobalt is not commonly detected in drinking water, the
highest median value above the detection limit was 0.11ug/L from the Province of
Ontario and concentrations as high as 6.1 ug/L have been reported (2013 emails
from the Water and Air Quality Bureau, Health Canada, to the Existing
Substances Risk Assessment Bureau, Health Canada; unreferenced).

Cobalt is an essential component of vitamin Bji,; however, as previously
described, the analytical methods used to measure environmental cobalt
concentrations and cobalt concentrations in foods do not distinguish the forms of
cobalt. Cobalt is the only metal that is an inherent component of a vitamin in
humans. The cobalt ion is essential for many other forms of life, such as soil- or
rumen bacteria, where it is used to synthesize vitamin Bi,. As stated above,
cobalt is a naturally occurring element in soil and it is used in certain fertilizers
and animal supplements; therefore it can be present at low levels in a large
number of foods via uptake by plants and livestock. Cobalt may also enter food
through fortification, during processing, packaging or food preparation. Cobalt is
present in food packaging materials and migration of cobalt from ceramic food
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contact materials increases with the acidity of the contents (Demont et al. 2012),
it is also present as an impurity of colour concentrates used in polyethylene
terephthalate PET trays (2013 emails from HPFB, Health Canada to ESRAB).
Dietary intake estimates are derived by Health Canada and are based on
prepared meals therefore incorporating natural and anthropengic sources of
cobalt in food. Data for total cobalt levels in food, baby formula and drinking
water were reported in the Canadian Total Diet Study (TDS) 1986 to 1988
(Dabeka 1989; Dabeka and McKenzie 1995), 1992 to 1999 (Health Canada
2009b) and 2000 to 2007 TDSs (Health Canada 2009b)). Based on the 1986—
88TDS , Dabeka and McKenzie (1995) identified bakery goods and cereals and
vegetables as the categories which were the most significant contributors to
dietary cobalt intake. Consistent with these earlier findings, based on the 2007
TDS the major contributors are bakery goods, cereals and vegetables,
additionally dairy products are notable contributors. The concentrations of cobalt
measured in food and beverage items purchased and intake estimates based on
these results are also available (Health Canada 2009b). The TDS estimates
intakes for all ages and male and female combined, these combined intakes
facilitate comparison on an annual basis. Studies conducted from 1993 to 1997
were combined in one estimate, 0.24 pg/kg body weight per day, and for each of
the eight years from 2000 — 2008 estimated intakes were reported to be 0.21,
0.20, 0.20, 0.17, 0.26, 0.17, 0.32, and 0.21 pg/kg body weight per day (Health
Canada 2009b), indicating intakes have been stable.

Several international reports and one Canadian report of cobalt concentrations in
human milk were identified, see Table G-3 for details. A Canadian study reported
levels of cobalt in the breast milk of 43 nursing mothers; the authors compare the
composition of the milk from mothers of premature and full-term infants during
the first three months and the range of median concentrations reported was 0 — 6
pg/L (Friel et al. 1999). Eighteen median concentrations were reported;
seventeen median values were less than or equal to 2 pg/L and one was 6 ug/L.
The central tendency (median or arithmetic mean) cobalt levels measured in
breast milk samples measured in other countries around the world ranges from
<0.001 to 1.40 pg/L.

Products

As detailed in the Sources Uses and the Releases to the Environment section of
this report, cobalt substances are present in a range of products available to
Canadians such as paints and coatings, cosmetics and natural health products,
as well as being a component of manufactured items that the general population
may come in contact with. The most common exposure route for the general
population to cobalt from these uses is expected to be dermal, considering that
cobalt from vitamin B12 is not bioavailable. The general population may have
indirect exposure to cobalt (e.g., trace quantities of catalyst remaining in a
plastic product, stack emissions from an industrial facility, or as a component of
indoor house dust from paints and coatings containing cobalt) or directly (e.g.,
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use of a cosmetic product containing a cobalt containing pigment, or painting a
room with cobalt-containing paint). These exposures may occur on a daily basis
or infrequently. Overall, the predominant exposure pathway for products is
dermal, for example certain cobalt containing substances are present in eye-
makeup (2011 and 2013 emails from the Consumer Product Safety Directorate,
Health Canada, to the Existing Substances Risk Assessment Bureau, Health
Canada; unreferenced) and as described in the Toxicokinetics Section, dermal
absorption via intact skin is low. Absorbed cobalt from the use of frequent or daily
use products is reflected in the CHMS biomonitoring data regardless of exposure
route.

Summary of Exposure

Although the cobalt blood concentration data capture total exposure to cobalt
from all sources, the data does not identify what the individual sources are or
how individual sources contribute to total exposure. Average estimates of daily
intake of cobalt from air, water, food and beverages, household dust and soil for
the general population of Canada were generated for the purposes of identifying
key sources of exposure by comparing relative contributions from the different
media and food to total intake and are presented in Table A7.1. The estimated
intakes range from 0.64 pg/kg bw per day for non-breast fed infants declining
with age to 0.19 pg/kg bw per day for those over 60 years of age. For all age
groups food is estimated be the largest contributor, estimated to account for a
minimum 98% of total intake; soil and dust are minor contributors to the
estimated intakes of infants, toddlers and children, up to 1.7%, while air (indoor
and ambient) and drinking water were not found to be significant contributors to
total exposure. Canadians living near current or former point source emissions of
cobalt such as mines and smelters are exposed to higher soil and dust
concentrations than those living in areas not impacted by a point source;
however the difference in central tendency between impacted and non-impacted
soil and dust is approximately 4 and 10 fold, respectively. Therefore, even in
locations affected by a point source of cobalt, dietary intake is expected to
remain the most significant source of exposure. Overall, children have higher
estimated cobalt intake and excretion than adults but similar blood
concentrations and no statistically significant differences in blood concentrations
have been observed between the general population and sub-populations based
on age or gender.

Absorbed cobalt is reflected in the CHMS biomonitoring data regardless of
exposure route or source.

Confidence in the Exposure Database
Confidence in the exposure database is high. Canadian data on cobalt

concentrations in all media and food were identified from either multiple sites, or
from nationally representative studies. These studies reported total cobalt which
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includes levels from all substances that contain cobalt, soluble and non-soluble,
and both natural and anthropogenic sources. Additionally, cobalt concentrations
in blood from the CHMS were available. Blood cobalt concentrations capture
absorbed cobalt from all anthropogenic and natural sources, in environmental
media and food as well as exposure resulting from the use of cobalt- containing
products. The total daily intake of adult Canadians from environmental media and
food can be converted into a blood equivalent (see Biokinetic Models section of
the Hazard Assessment for details) for comparison with levels measured in
Canadians as part of the CHMS. The estimated intake of 0.23 pg/kg bw per day
equates to an estimated blood concentration of 0.39 ug/L (Table A6.1) which is
quite close to the o5 percentile measured in the CHMS (0.40 pg/L). This close
agreement gives confidence that the estimated intakes from environmental
media and food account for the majority of exposure. The cobalt concentrations
measured in blood reported by the CHMS represents 96.3% of the Canadian
population from 3 to 79 years old. While no national cobalt blood concentration
data exist for children less than 3 years, age related differences in blood
concentrations are not expected. There were no observed age-related trends in
the CHMS dataset. Comparison of population level blood concentrations with
studies including children less than 5 years in Alberta, 2 to 6 years in Germany
and studies of pregnant women, newborns and cord blood do not demonstrate
age related differences in cobalt blood concentrations. Children have a higher
estimated intake and urinary excretion of cobalt than adults and comparable
blood concentrations. As a future source of data, cobalt was measured in the
milk of mothers participating in the Maternal-Infant Research on Environmental
Chemicals (MIREC) Study. The MIREC study included over 2000 participants
from 10 cities across Canada, but data are not yet available.

10.3 Characterization of Risk to Human Health

With the availability of cobalt biomonitoring data, risk to human health posed by
cobalt is characterized based on comparisons of whole blood concentrations
measured in the general population of Canada to the whole blood equivalent of
critical health effects in experimental animal and human studies.

Total cobalt measured in whole blood reflects exposure to all forms of cobalt from
all routes and all sources. Based on data from the CHMS, the median whole
blood concentration of cobalt is 0.22 pg/L and the 95th percentile of cobalt is 0.40
Mg/L (10% of measured cobalt is from vitamin B,) (Health Canada 2013).

Two endpoints were identified for the risk characterization. One of the endpoints
was cardiomyopathy in chronic alcoholic beer drinkers and the other endpoint is
polycythemia identified in cobalt-treated individuals. The minimum oral dose
associated with chronic cobalt toxicity in humans is 0.04 mg Co/kg bwCo/kg bw
per day, at which cardiomyopathy was observed in malnourished heavy beer
drinkers. Using a biokinetic model, a whole blood concentration of 26 ug /L was
derived for this point of departure. This critical endpoint is consistent with the
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previous evaluations of other regulatory bodies (ATSDR 2004; IPCS 2006).
However, this endpoint is considered highly conservative, since well-nourished
beer drinkers did not experience any cardiac effects at estimated whole blood
cobalt concentration of 34 pg/L.

Since cardiomyopathy is only observed in people with severely deteriorated
health conditions who chronically consumed high volumes of alcohol, the use of
this endpoint may only be appropriate to protect an atypical sensitive sub-
population. Therefore, polycythemia (the increase of red blood cells), observed in
humans was identified as the the other critical endpoint for the characterization of
the risk to the general population. Increased red blood cell numbers and
hemoglobin levels have been observed in volunteers and anaemic patients given
cobalt salts orally at doses near 1 mg Co/kg bw per day, for periods of several
weeks to several months (Davis and Fields 1958). While this effect is desired in
anaemic patients, long-term polycythemia may result in secondary adverse
outcome in healthy people such as elevated risk of strokes and heart attacks due
to the increased thickness of blood. Thus, the point of departure of 0.45 mg/kg
bw per day (equivalent to a whole blood cobalt concentration of 290 ug/L), where
polycythemia was not detected in pregnant women was selected for risk
characterization (Holly 1955). In addition, polycythemia is a reversible
haematological effect, where exposed individuals returned to normal levels after
cobalt treatment ended.

Comparison of whole blood cobalt concentrations at the critical effect levels for
repeated-dose toxicity, via oral route (i.e., 26 pg/L for cardiomyopathy) with
median and 95™ percentile of whole blood cobalt concentrations of general
population (i.e., 0.22 and 0.40 pg/L, respectively) results in MOEs of
approximately 118 and 65, respectively. The blood concentration estimated for
the NOAEL for polycythemia was approximately 290 pg/L and the resulting
MOEs based on mean and 95" percentile of whole blood cobalt concentrations in
general population were 1318 and 725, respectively. The derived MOEs based
on beer drinkers’ cardiomyopathy, which is the lowest dose level in the human
database, are considered adequate to protect humans from the harmful effects
noted in the animal database, including reproductive and developmental effects
as those effects were only observed at dose levels more than 100 times higher
than the critical dose level used to derive the MOEs. As the points of departure
considered in the risk characterization are based on effects in humans,
interspecies variatibility would not be taken into consideration when determining
the adequacy of the margins of exposure. In addition, recent publications by
Finley et al. (2013) and Tvermoes et al. (2014) concluded that there were no
clinically significant changes in health status of male and female volunteers
exposed to approximately 1 mg Co per day for 31 and 90 days, respectively, and
the resulted in peak blood cobalt concentrations in each study were 91 and 117
Mg/L, respectively.
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The respiratory system is the primary site of injury after inhalation exposure to
cobalt in both experimental animals and humans. The critical effect level
identified from human studies is the LOAEC of 0.0151 mg Co/m?® in individuals
occupationally-exposed in diamond polishing workshops exposed to cobalt dust
(Nemery et al. 1992). There was a significantly higher prevalence of eye, nose
and throat irritation and cough, and reduced lung function in this exposed group
(0.0151 mg Co/m®) compared to unexposed individuals. In chronic inhalation
study, significant increase in benign and malignant alveolar/bronchiolar tumors
was observed in both rats and mice (Bucher et al. 1999 and NTP 1998). The
lowest dose at which tumours were reported (0.38 mg Co/m?®) is 25 times higher
than the critical effect level in humans (i.e. 0.0151 mg Co/m?).

A maximum daily intake via inhalation is estimated to be <0.001 ug/kg bw per
day (<0.2% of the oral daily intake) based on the highest 95™ percentile cobalt
concentration in PMyo personal air samples collected in Windsor, Ontario (i.e.
2.8x10" mg/m>A comparison of the critical effect level for inhalation toxicity (i.e. a
LOAEC in humans of 0.0151 mg/m®) with the 95th percentile estimate of general
population exposure (i.e. 2.8x10”" mg /m°) results in a MOE of approximately 53
000. A MOE of 1 340 000 was obtained for the lung tumours noted in the rodent
database. These MOEs are considered adequate to addresss uncertainties in the
health effects and exposure databases. The MOEs between cobalt levels in
whole blood of Canadians from a nationally representative survey and cobalt
levels in personal air samples and conservative effect levels are considered
adequate to address uncertainties in the health effects and exposure databases.
Therefore, it is concluded that cobalt and cobalt from cobalt-containing
substances do not meet the criteria under paragraph 64(c) of CEPA as they are
not entering the environment in a quantity or concentration or under conditions
that constitute or may constitute a danger in Canada to human life or health.

10.3.1 Uncertainty in Evaluation of Risk to Human Health

The primary route of exposure to cobalt for the general population is oral
(inhalation exposure is estimated to be 0.16% of total exposure). There are
limited toxicological data on the chronic effects of oral exposure to cobalt;
however, available information from short-term and subchronic studies does not
suggest that carcinogenicity would be an endpoint following long-term oral
exposure.

Although chronic NTP studies with rodent species have indicated that respiratory
tract is the primary target site of carconigenic activity of inhalation exposure to
aerosols of cobalt substances, the recent NTP study with aerosols of cobalt
metal have observed tumors in adrenal medulla and pancreatic islets of rats.
However, the adrenal gland as well as the pancreas were not noted as target
organs following oral exposures, suggesting that these effects were a direct
result of the route of exposure. Alternatively, these effects were only noted in
studies using metallic cobalt as a test material, suggesting a specific toxicological
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effect of this specific cobalt form. Long term oral exposures in humans, to various
cobalt substances, have not noted the prevalence of any tumour formation.

The biokinetic model used to derive blood cobalt levels at the point of departure
was based on a healthy adult male. Therefore, there are uncertainties associated
with the applicability of the model to children and females. There are also
uncertainties regarding the absorbed fraction of cobalt. The model predictions
assume that 25% of the ingested cobalt is absorbed from the GI tract but
absorption can vary depending on various factors. However, available
biomonitoring data suggests that the average Canadian female has a similar
blood concentration of cobalt as does an average male. The assumption that
over time an average of 25% of ingested cobalt is absorbed is considered
reasonable.

11 Conclusion

Considering all available lines of evidence presented in this screening
assessment, there is risk of harm to organisms from cobalt and soluble cobalt
compounds.

It is concluded that cobalt and soluble cobalt compounds meet the criteria under
paragraph 64(a) of CEPA as they are entering or may enter the environment in a
guantity or concentration or under conditions that have or may have an
immediate or long-term harmful effect on the environment or its biological
diversity. However, it is concluded that cobalt and soluble cobalt compounds do
not pose a risk to the broader integrity of the environment and do not meet the
criteria under paragraph 64(b) of CEPA as they are not entering the environment
in a quantity or concentration or under conditions that constitute or may
constitute a danger to the environment on which life depends. Cobalt and soluble
cobalt compounds have been determined to meet the persistence criteria but do
not meet the bioaccumulation criteria as set out in the Persistence and
Bioaccumulation Regulations of CEPA.

The MOEs between cobalt levels in whole blood of Canadians from a nationally
representative survey and cobalt levels in personal air samples and conservative
effect levels are considered adequate to address uncertainties in the health
effects and exposure databases. Therefore, it is concluded that cobalt and cobalt
from cobalt-containing substances do not meet the criteria under paragraph 64(c)
of CEPA as they are not entering the environment in a quantity or concentration
or under conditions that constitute or may constitute a danger in Canada to
human life or health.

It is concluded that cobalt and soluble cobalt compounds meet one of the criteria
set out in section 64 of CEPA.
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Appendices

Appendix A: Identities of cobalt-containing substances that
met categorization criteria

The CAS RN (CAS Registry Numbers), DSL (Canadian Domestic Substance
List) names, common or simplified names, chemical formula and substance
category for cobalt-containing substances are presented in the table below.
Common or simplified names were used to simplify substances identity
throughout this assessment report. These names were derived primarily based
on the English DSL name, or from chemical names used by other countries or
jurisdictions as listed in the National Chemicals Inventory (NCI 2007).

Table A-1 : Identities for the cobalt-containing substances identified for

further action during categorization

Common
DSL name name / Chemical Substance
CAS RN . . .
(English) Simplified formula category
name
2a. Carbonic acid, Cobalt(1l) .
513-79-1 cobalt(2+) salt (1:1) carbonate CoCOs Inorganics
an. . Cobalt(lll) .
1307-86-4 Cobalt hydroxide hydroxide Co(OH); Inorganics
1307-96-6 Cobalt oxide Cobalt oxide CoO Inorganics
1317-42-6 Cobalt sulfide Cobalt sulphide CoS Inorganics
7440-48-4 Cobalt Elemental Co Inorganics
cobalt
7542-09-8 Carbonic acid, cobalt Cobalt CH,05.xCo Inorganics
salt carbonate
7646-79-9 Cobalt chloride Cobalt chloride CoCl, Inorganics
Sulfuric acid, Cobalt(Il) .
10124-43-3 cobalt(2+) salt (1:1) sulfate CoSO0q, Inorganics
10141-05-6 Nitric amcééftobalt(%) Cobalt nitrate Co(NO3), Inorganics
10393-49-4 Cobalt sulfate Cobalt sulfate Co.xH,0,S Inorganics
[t(3+
10534-89-1 h;(%t;%ﬁin)é_’ heE:rE?r:tine Cl.Y/3CoHgN Inorganics
trichloride, (OC-6- ; - 13%-0M18Ne 9
chloride
11)-
Cobalt, Cobalt
12602-23-2 bis[carbonato(2- hydroxide Cos(OH)s(COs) Inorganics
)]hexahydroxypenta- carbonate 2
Chromic acid Cobalt
13455-25-9 (H2Cr0O4), cobalt(2+) CrCoOy4 Inorganics
. chromate
salt (1:1)
Phosphoric acid, Cobalt .
13455-36-2 cobalt(2+) salt (2:3) phosphate Co3(POy), Inorganics
Cobaltate(3-), C.l. Pigment .
13782-01-9 hexakis(nitrito-N)-, Yellow 40 CoNgO12.3K Inorganics
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Common
DSL name name / Chemical Substance
CAS RN . . .
(English) Simplified formula category
name
tripotassium, (OC-6-
11)-
. Cobalt(ll) .
21041-93-0 Cobalt hydroxide hydroxide Co(OH), Inorganics
Acetic acid, 1 Organic-metal
71-48-7 cobalt(2+) salt Cobalt acetate C,H40,.7/,Co salt
Eo. Hexanoic acid, 2- Cobalt(ll) 2- 1 Organic-metal
136-52-7 ethyl-, cobalt(2+) salt | ethylhexanoate CeHis0,. ,Co salt
oL Propanoic acid, Cobalt 1 Organic-metal
1560-69-6 cobalt(2+) salt propionate CsHs0,. /,Co salt
6700-85-2 Octanoic acid, cobalt Cobalt CoH10,.XCO Organic-metal
salt octanoate salt
Hexanoic acid, 2- Cobalt 2- Organic-metal
13586-82-8 ethyl-, cobalt salt ethylhexanoate CeH150,.xCo salt
Octadecanoic acid, Organic-metal
13586-84-0 cobalt salt Cobalt stearate | CjgH350,.xCo salt
Neodecanoic acid, Cobalt Organic-metal
27253-31-2 cobalt salt neodecanoate | C10oH2002xCo salt
Cobaltate(2-),
=1 tetrakis(thiocyanato- | Cobalt mercury Organic-metal
27685-51-4 N)-, mercury(2+) isothiocyanate HgCo(NCS). salt
(1:1), (T-4)-
. Cobalt .
e Cyclohexanebutanoic 1 Organic-metal
38582-17-1 acid, cobalt(2+) salt cycloh:txeylbutyr C10H180,.7/,Co salt
Cobalt
Cobalt, (2- .
94246-88-5 ethylhexanoato- | ctyihexanoate |, ~.5 | Organic-metal
0)(isooctanoato-O)- isooctanoate salt
(Cobalt EHI)
Cobalt, di-p- Organometallic
10210-68-1 carbonylhexacarbony | Cobalt carbonyl CgC0,0g4 9 S
Idi-, (Co-Co)
8011-87-8 C.I. Pigment Green C.I. Pigment n/a _UVCBs_-
19 Green 19 inorganic
65997-18-4 Frits, chemicals Frits n/a UVCBs-
inorganic
67711-89-1 | CAlcines, copper Calcines n/a UVCBs-
roasting inorganic
68186-89-0 | C.I. Pigment Black 25 | -l Plament nia UVCBs-
Black 25 inorganic
68187-11-1 | C.. PigmentBlue 36 | C'- Plament n/a UVCBs-
Blue 36 inorganic
68608-93-5 | C.I. Pigment Violet4g | ;- Plament n/a UVCBs-
Violet 48 inorganic
68610-13-9 | C.I. Pigment Violet 47 |  ©:l: Plament na UVCBs-
Violet 47 inorganic
Leach residues, zinc
69012-71-1 ore-calcine, cobalt n/a n/a .UVCBS.'
1 inorganic
repulp
69012-72-2 Leach residues, zinc n/a n/a UVCBs-
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Common
DSL name name / Chemical Substance
CAS RN . . .
(English) Simplified formula category
name
ore-calcine, zinc inorganic
cobalt*
Zinc sulfide (ZnS),
72869-37-5 cobalt and copper- n/a n/a .UVCBS‘.'
inorganic
doped
Leach residues, zinc
91053-46-2 ore-calcine, nla n/a UVCBs-
cadmium-copper inorganic
1
ppt.
121053-28-9 Electrolytes, clobalt- n/a n/a .UVCBs_-
manufg. inorganic
121053-29-0 Slimes and _Slydgles, n/a n/a .UVCBs_—
cobalt refining inorganic
121053-30-3 | Simes and Sludges, nia n/a UVCBs-
cobalt electrolytic inorganic
124222-14-6 | T ue dust cobalt n/a n/a UVCBs-
refining inorganic
124222-15.7 |  Residues, cobalt- nia n/a UVCBs-
refining inorganic
124222-18-0 | Residues, precious nia n/a UVCBs-
metal-refining inorganic
129618-35-5 Electrolytes, c?pper— n/a n/a _UVCBs_—
manufg. inorganic
129618-36-6 Solutions, cop_per1 n/a n/a .UVCBs_—
hydrometallurgical inorganic
129618-39-9 Solutions, cob_alt ) n/a n/a .UVCBs_-
hydrometallurgical inorganic
. . UVCBs-
61789-51-3 Naphthenic acids, Cobalt n/a organic-metal
cobalt salts naphthenate salts
Cobalt, borate Cobalt borate UVCBs-
68457-13-6 neodecanoate n/a organic-metal
neodecanoate
complexes salts
Zirconium,
dipropylene glycol
68988-10-3 Iso-Bu alc. nia nia UVCBs-
neodecanoate organometallic
propionate cobalt
complexes

n/a: not available

! UVCBSs generated by base metals smelters and refineries

128




Screening Assessment — Cobalt

Appendix B: Quantities, activities and uses of cobalt-
containing substance for which information was
received pursuant to section 71 surveys

Table B-1: Summary of the quantities of cobalt-containing substances on
the DSL that were manufactured, imported and/or used in Canada
according to information received from 2006, 2008 or 2011. Quantities

presented are for substances, not on a cobalt basis

CAS RN Common name / Total Total Total
Simplified name quantity' quantity’ quantity’
manufactured imported used
(tonnes) (tonnes) (tonnes)
10124-43-3 Cobalt(ll) sulfate 1 000 — 10 000 100 — 1 000 1 0%%5 10
10393-49-4 Cobalt sulfate 64 1550 1463
7440-48-4 Cobalt 1 000 — 10 000 100 — 1 000 100 — 1 000
1317-42-6 Cobalt sulfide 100 — 1 000 >500 NA2
7646-79-9 Cobalt chloride 100 — 1 000 10 — 100 10 — 100
21041-93-0 Cobalt hydroxide 100 — 1 000 10 - 100 10 - 100
Hexanoic acid, 2-ethyl-,
136-52-7 cobalt(2+) salt 10 — 100 52 — 166 NA
1307-96-6 Cobalt oxide 10 - 100 13-59 NA
68457-13-6 Cobalt borate 01-1 10— 100 NA
neodecanoate
27253-31-2 Cobalt neodecanoate 10 - 1003 10 - 1003 10 - 1003
61789-51-3 Naphthe”fa?tgds’ cobalt 10 — 100° 10 - 100° 10 - 100°
below reporting below reporting
10210-68-1 Cobalt carbonyl threshold threshold 50
13586-84-0 Cobalt stearate below reporting 10 -100 NA

threshold
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CAS RN Common name / Total Total Total
Simplified name quantity’ quantity’ quantity’
manufactured imported used
(tonnes) (tonnes) (tonnes)
10141-05-6 Cobalt nitrate below reporting 1-100 NA
threshold
1560-69-6 Cobalt propionate 10 — 100° 10 - 100° 10 - 100°
513-79-1 Cobalt(ll) carbonate 1-10° 1-10° 1-10°
. . below
threshold®
Cobalt hydroxide 3 3 3
12602-23-2 carbonate 0.1-1 0.1-1 0.1-1
Leach residues, zinc ore- below reportin
91053-46-2 | calcine, cadmium-copper >1 000 P 9 NA
threshold
ppt.
124222-15- Residues, cobalt-refining > 500 below reporting NA
7 threshold
69012-71-1 Leach_ residues, zinc ore- >500 below reporting NA
calcine, cobalt repulp threshold
69012-72-2 Leach residues, zinc ore- >500 below reporting NA

calcine, zinc cobalt

threshold

1: quantity reported for one calendar year
2: NA: not applicable (information was not requested in the S.71 notice)

3: The range or the value represents the total quantity in commerce and may be a combinaison of: the total quantity
manufactured and/or the total quantity imported and/or the total quantity used.

The first survey was conducted in 2009 for the reporting year 2006 for four
substances that were assessed during the Challenge initiative under the CMP
(Canada 2009a). Information on manufacture, import and uses of the substances

was collected in this survey.

The second survey, also known as the DSL Inventory Update, was also
conducted in 2009 but for the reporting year 2008 for 35 of the 50 substances
that belong to the grouping (i.e. met the categorization criteria) (Canada 2009b).
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This survey collected information on quantities of substances manufactured and
imported, but not on the quantities used.

Finally, the third survey was conducted in 2012 for the reporting year 2011 for 16
substances that belong to the grouping (Canada 2011b). Ten of these had not
been included in the first two surveys, while six of the substances had been
included in the second survey but additional critical information was needed. For
the latter six substances, the survey asked for quantities of the substances
manufactured, imported or used, without distinguishing these activities. For the
other ten substances in the 2012 survey, these activities were separated out.

Table B-2: Top activities or

substances

uses

in Canada of cobalt-containing

CAS RN

Common name /
Simplified name

Top 1
Activity or
Use #1

Top 2
Activity or
Use #2

Top 3
Activity or
Use #3

Reportin
g Year

10124-43-3

Cobalt(ll) sulfate

Intermediate in
metallurgical
processes

2006

10393-49-4

Cobalt sulfate

Intermediate in
metallurgical
processes

2006

7440-48-4

Cobalt

Component in
alloys and
carbides for
applications
requiring high
strength and
temperature
resistance

Intermediate
in
metallurgical
processes

2006

1317-42-6

Cobalt sulfide

Non-ferrous
metal (except
aluminum)
smelting and
refining

2008

7646-79-9

Cobalt chloride

Intermediate in
metallurgical
processes

Analytical
reagent

2006

21041-93-0

Cobalt hydroxide

Batteries

Catalyst
manufacturin

g9

Non-ferrous
metal (except
aluminum)
smelting and
refining

2011

136-52-7

Hexanoic acid, 2-ethyl-,
cobalt(2+) salt

Paints and
Coatings

2008
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CAS RN Common name / Top 1 Top 2 Top 3 Reportin
Simplified name Activity or | Activity or | Activity or | g Year
Use #1 Use #2 Use #3
manufacturing
Incidental Catalyst Catalyst 2008
1307-96-6 Cobalt oxide production by- | manufacturin
product g
Cobalt borate Rubber Automobile Paints and 2008
68457-13-6 manufacturin Coatings
neodecanoate g
Rubber Paints and Plastic 2011
27253-31-2 Cobalt neodecanoate Coatings
61789-51-3 Naphthenic acids, Rubber Plastic— - 2011
cobalt salts
10210-68-1 Cobalt carbonyl Catalyst - - 2011
Rubber Adhesives - 2008
13586-84-0 Cobalt stearate and sealants
10141-05-6 Cobalt nitrate Plating agent - - 2008
. Rubber Paints and - 2011
1560-69-6 Cobalt propionate Coatings
513-79-1 Cobalt(ll) carbonate Animal feed — — 2011
g 2008
Foo
71-48-7 Cobalt acetate packaging — -
Cobalt hydroxide . 2011
12602-23-2 carbonate Animal feed
Non-ferrous — — 2008
Leach residues, zinc metal (except
91053-46-2 ore-calcine, cadmium- aluminum)
copper ppt. smelting and
refining
Non-ferrous - - 2008
. metal (except
124222-15.7 Residues, cobalt- aluminum)
refining .
smelting and
refining
Leach residues, zinc Non-ferrous - - 2008
69012-71-1 ore-calcine, cobalt metal (except

repulp

aluminum)
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CAS RN

Common name /
Simplified name

Top 1
Activity or
Use #1

Top 2
Activity or
Use #2

Top 3
Activity or
Use #3

Reportin
g Year

smelting and
refining

69012-72-2

Non-ferrous -
metal (except
aluminum)
smelting and
refining

Leach residues, zinc
ore-calcine, zinc cobalt

2008

Table B-3: Cobalt-containing substances that were below the reporting threshold
in 2008 or 2011, or that were not surveyed

CAS RN Common name Reporting
Year
1307-86-4 Cobalt hydroxide 2008
7542-09-8 Carbonic acid, cobalt salt 2008
13455-36-2 Phosphoric acid, cobalt(2++) salt (2:3) 2008
6700-85-2 Octanoic acid, cobalt salt 2008
13586-82-8 Hexanoic acid, 2-ethyl-, cobalt salt 2008
94246-88-5 Cobalt, (2-ethylhexanoato-O)(isooctanoato-O)- 2008
121053-28-9 Electrolytes, cobalt-manufg. 2008
121053-30-3 Slimes and Sludges, cobalt electrolytic 2008
129618-39-9 Solutions, cobalt hydrometallurgical 2008
68186-89-0 C.l. Pigment Black 25 2008
68608-93-5 C.l. Pigment Violet 48 2008
68610-13-9 C.l. Pigment Violet 47 2008
121053-29-0 Slimes and Sludges, cobalt refining 2008
124222-14-6 Flue dust, cobalt-refining 2008
8011-87-8 C.l. Pigment Green 19 2011
10534-89-1 Cobalt(3+), hexaammine-, trichloride, (OC-6-11)- 2011
13455-25-9 Chromic acid (H2CrO4), cobalt(2+) salt (1:1) 2011
13782-01-9 Cobaltate(3-), hexakis(nitrito-N)-, tripotassium, (OC-6-11)- 2011
27685-51-4 Cobaltate(2-), tetrakis(thio(c1)_/ir)1ato—N)—, mercury(2+) (1:1), 2011
38582-17-1 Cyclohexanebutanoic acid, cobalt(2+) salt 2011
68988-10-3 Zirconium, dipropylene glycol iso-Bu alc. neodecanoate 2011
propionate cobalt complexes
72869-37-5 Zinc sulfide (ZnS), cobalt and copper-doped 2011
65997-18-4 Frits, chemicals Not surveyed
67711-89-1 Calcines, copper roasting Not surveyed
68187-11-1 C.l. Pigment Blue 36 Not surveyed
124222-18-0 Residues, precious metal-refining Not surveyed
129618-35-5 Electrolytes, copper-manufg. Not surveyed
129618-36-6 Solutions, copper hydrometallurgical Not surveyed

133




Screening Assessment — Cobalt

Appendix C: Releases reported for 2011 to the NPRI for
“Cobalt and its compounds”

The reporting threshold for “cobalt and its compounds” is 10 tonnes
Manufactured, Processed or Otherwise used (MPO) at a concentration of 1% or
greater. All sectors covered by the NPRI are listed in Table C-1 and appear in
decreasing order in terms of total on-site releases (to air, water and/or land).
NPRI requires that quantities of cobalt in tailings and by-products be included in
the calculation of the reporting threshold at any concentration of cobalt (including
< 1%). All releases, disposals and transfers for recycling must be reported if the
MPO quantity exceeds 10 tonnes. Quantities for on-site and off-site disposal® as
well as for off-site recycling are also shown. Units are tonnes of cobalt on an
elemental basis.

Table C-1. Releases (in tonnes) and disposals reported® to the NPRI for
2011 for “cobalt and its compounds”.

Industrial Air Water | Land | Total O_n- fo}, Total Off-5|_te
Sector site | site recycling

Water and
Wastewater
Systems 0.001 14.4 0’ 144 | 513 0 5.13 0

Mining (mines
and mills) 1.7 1.3 1.3 4.3 3637 | 0.088 | 3637 0

Metals
(smelters/
Refineries) 3.843 | 0.242 0 41 | -58.7° | 4.69 -54° 12.5

Transportation
Equipment
Mfg. 1.31 0 0 1.31 0 0.007 | 0.007 19.4

Other
Manufacturing 0.84 0 0 0.84 0 0.1 0.1 1.72

Pulp and
Paper 0.264 0 0 0.264 | 0.01 0 0.01 0

Electricity
(power
generation) 0.069 0.002 0 0.071 5.52 36.1 41.6 5.41

Iron and Steel 0.03 0 0 0.03 0 40.7 40.7 20.7

Non-
Conventional
Oil Extraction
(including Ol
sands and
Heavy Oil) 0.014 0.007 0 0.021 530 | 0.701 531 0.44

Chemicals 0.17 0.002 0 0.18 40.1 | 29.53 69.6 11.6
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Other (Except
Manufacturing) 0 0 0 0 0 7.61 7.61 42.04

Petroleum and
Coal Product
Refining and
Mfg. 0 0 0 0 0.007 | 0.069 | 0.076 20.1

Waste
Treatment and
Disposal 0 0 0 0 19.9 7.94 27.8 17.7

Plastics and
Rubber 0 0 0 0 0 1.32 1.32 1.52

Aluminium 0 0 0 0 0 0 0 0

Cement, Lime
and Other
Non-Metallic
Minerals 0 0 0 0 0 0 0 0

Oil & Gas
Pipelines and
Storage 0 0 0 0 0 0 0 0

Upstream oil
and gas 0 0 0 0 0 0 0 0

Wood products 0 0 0 0 0 0 0 0

Total 8.24 16.0 1.3 25.5 4179 129 4308 153

1. There is a degree of complexity surrounding NPRI data reporting such as meeting reporting thresholds and possession
of key data and therefore uncertainties exist in the reported quantities.

2. “Disposal” includes information on tailings and waste rocks disposal.

3. Off-site disposal includes off-site treatment prior to final disposal, including at a publicly owned WWTP.

4. Zero indicate either no reporting from any facility or a quantity of zero reported by at least one facility.

5. Reporting of a "negative number" for waste rock or tailings indicates that the quantity of a substance removed from the
management area exceeded the quantity of the substance deposited in that area for a given year. Therefore, the disposal
of mined materials in a waste rock or tailings management area is not necessarily a final disposal. For example, if market
prices increase for a given metal or mineral, it may be profitable for a mining operation to “mine” or process materials
previously disposed of as waste rock or tailings. The publically available NPRI online query site (http://ec.gc.cal/inrp-
npri/donnees-data/index.cfm?lang=En) does not accommodate the negative numbers that facilities may report for tailings
and waste rock disposals. As such, it may not be possible to replicate these numbers using this data analysis tool.
Additional search tools are available on the open data portal where information on negative nhumbers may be found:
http://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=0EC58C98-
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Appendix D: Summary of reliable data for chronic toxicity
of cobalt to aquatic, benthic and soil organisms.

Table D-1: Summary of reliable data for chronic toxicity of cobalt to

freshwater fish
Test Test Hardness| pH | Endpoint| Toxicity Reference
Organism Compound| (mg and Value
CaCOs/L) duration | (ng Co/L)!
Zebrafish .

. . i EC,y,16d 23 Dave and Xiu
rBerr..':ilz:)hydanlo CoCl,*6H,0 100 7.5-7.7 (survival) 348 (348) 1991
Zebrafish EC.. 33d
Brachydanio CoCl, 103+6.1 |7.8=x0.1 10 1085 (1016) | Parametrix 20104
rerio (biomass)

Fathead minnow EC. 34d

Pimephales CoCl, 109 7.6-8.5 10, y | 351 (339)° | Parametrix 2010a
oromelas (survival)

Fathead minnow IC. 28d

Pimephales CoSO, 236" 8.14 ( rg) wih) 480 (336) Kimball 1978
promelas g

Rainbow trout EC.. 81d

Oncorhynchus CoCl, 115 7.6-7.8 10 2 171 (2049)° | Parametrix 2010a
mykiss (biomass)

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms; ICy: The inhibiting concentration for a specified percent effect. A point estimate of the concentration of a test

substance that causes XX% reduction in a quantitative biological measurement such as growth rate;

1: Dissolved cobalt

concentration

2: Value in brackets represents the corrected toxicity value at 100 mg/L hardness based on the pooled regression slope,

see below.

3: Value selected for SSD
4: Only the alkalinity (mg/L) was reported in this study; it was interpreted as being approximately equal to hardness and

used to correct the

toxicity value.

Table D-2: Summary of reliable data for chronic toxicity of cobalt to
freshwater invertebrates

Test Test Hardness| pH Endpoint | Toxicity Reference
Organism | Compound| (mg and Value

CaCO4/L) duration |(pg Co/L)*
Amphipod - ICy 28d 23 Norwood et al.
Hyalella azteca CoCl;*6H,0 122 8.2 (growth) 0.76 (0.7) 2007
Amphipod i ECyo 28d 3 Heijerick et al.
Hyalella azteca CoCl, 125+10 | 7.15-7.69 (growth) 7.55 (6.88) 2007
Water flea ECy 21d 4 Heijerick et al.
Daphnia magna CoCl, 230-250 | 7.22-7.64 (reproduction) 324 (22.6) 2007
Water flea ECy 21d
Ceriodaphnia CoCl, 108 8.0-8.7 |(reproduction)| 7.9 (7.7)* Parametrix 2010a
dubia
Snail i ECy 28d 4 Heijerick et al.
Lymnea CoCl, 140 7.64-7.88 (growth) 9.61 (8.36) 2007
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Test Test Hardness| pH Endpoint | Toxicity Reference
Organism |Compound| (mg and Value

CaCOj/L) duration | (ng Co/L)'
stagnalis
Chironomus CoCl, 32-34 | 7.58-8.17 | (survival) | 167 (202)*° Pac'f'zcoggo“s"
tentans
Oligochaete ECy 14d 4 .
Acolosoma sp CoCl, 54 7.4-7.8 (growth) 155 (200) Parametrix 2010a

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms; IC,: The inhibiting concentration for a specified percent effect. A point estimate of the concentration of a test
substance that causes XX% reduction in a quantitative biological measurement such as growth rate; LOEC: the low
observed effect concentration is the lowest concentration in a toxicity test that caused a statistically significant effect in
comparison to the controls.

1: Dissolved cobalt concentration

2: Value in brackets represents the corrected toxicity value at 100 mg/L hardness based on the pooled regression slope,
see below.

3: Normalized values to 100 mg/L hardness used in calculation of the geomean (2.2) used in SSD

4: Value selected for SSD

5: Corrected toxicity value at 52 mg/L hardness based on the pooled regression slope, see the hardness modifying factor
section.

Table D-3: Summary of reliable data for chronic toxicity of cobalt to
freshwater plants and algae

Test Test |Hardness| pH Endpoint | Toxicity Reference
Organism |Compound| (mg and Value

CaCOs/L) duration | (pg Co/L)"
Duckweed 2 ECy 7d 34 Heijerick et al.
Lemna minor CoCl, 55 6.52-6.68 (growth) 4.9 (6.3) 2007
Green algae ECyo 4d Heijerick et al
Pseudokirchneriella  CoCl, 25 | 7.51-7.72 10 23 (31)*° ! '
subcapitata (growth) 2007
Giant
Duckweed 5 ECs 4d 46
Spirodela CoCl, 12 7.0 (growth) 140 (257) Gaur et al. 1994
polyrhiza
Green algae

ECy 5d 1120 .

Chlamydomonas CoCl, 12’ 6.8 %0 46 Macfie et al. 1994
reinhardtii (growth) (2 055)

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms.

1: Dissolved cobalt concentration

2: Calculated using the OECD test no. 221 medium composition (Ca, Mg, Fe and Mn concentrations).Sources:
http://www.oecd-ilibrary.org/environment/test-no-221-lemna-sp-growth-inhabition-test 9789264016194-en
http://www.groundwatersoftware.com/calculator 8 water hardness.htm

3: Value in brackets represents the corrected toxicity value at 100 mg/L hardness based on the pooled regression slope,
see section 7.1.2.

4: Value selected for SSD

5: Calculated using the OECD test no. 201 medium composition (Ca, Mg, Fe and Mn concentrations). Sources:
http://www.oecd-ilibrary.org/content/book/9789264069923-en

http://www.groundwatersoftware.com/calculator_8 water_hardness.htm

6. Corrected toxicity value at 52 mg/L hardness based on the pooled regression slope, see below.

7: Calculated using the APP medium composition (Ca, Mg, Fe and Mn concentrations). Sources:
http://www.oecd-ilibrary.org/content/book/9789264069923-en

http://www.groundwatersoftware.com/calculator 8 water hardness.htm
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Table D-4: Summary of reliable data for chronic toxicity of cobalt to

freshwater benthic invertebrates

Test Endpoint | Toxicity Reference
Test Compound and Value
Organism duration | (mg Co/kg
dry wt.)
EC,, 28d
Hyallela azteca CoCl, (growth) 86 Nguyen et al. 2009a
. ECy 28d
Ephoron virgo CoCl, (growth) 136 Nguyen et al. 2009b
Chironomus ECy, 28d
riparius CoCl, (emergence) 148 Nguyen et al. 2009a
Gammarus pulex CocCl ECy 28d 273 Nguyen et al. 2009b
2 (survival) '
. . ECy, 28d
Tubifex tubifex CoCl, (reproduction) 1176 Nguyen et al. 2009a
Lumbriculus EC, 28d 1
variegatus CoCl, (survival) >2170 Nguyen et al. 2009b

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test

organisms.

1: 2170 mg Co/kg sediment is the NOEC value of the study, the ECyo value will, thus, be greater than the NOEC. 2170

was used in the SSD derivation.

Table D-5: Summary of reliable data for chronic toxicity of cobalt to

terrestrial plants

Toxicity
Test . Test Endpoint | Duration Value Reference
organism | Compound (mg Co/kg

dw soil)
Alfalfa CoCl, emergence 14d-EC20 62.7 (art.)" Kapustka et
Medicago 62.6 (nat.)? al. 2006
sativa
Alfalfa CoCl, shoot length | 14d-EC20 15.3 (art.) Kapustka et
Medicago 15.9 (nat.) al. 2006
sativa
Alfalfa CoCl, root length 14d-EC20 9.4 (art.) Kapustka et
Medicago 22.1 (nat.) al. 2006
sativa
Barley CoCl, emergence 14d-EC20 118 (art.) Kapustka et
Hordeum 536.2 (nat.) al. 2006
vulgare
Barley CoCl, shoot length | 14d-EC20 44.7 (art.) Kapustka et
Hordeum 108.9 (nat.) al. 2006
vulgare
Barley CoCl, root length 14d-EC20 34.2 (art.) Kapustka et
Hordeum 37.5 (nat.) al. 2006
vulgare
Barley CoCl, Shoot growth | 21d-EC10 9-617 Li et al. 2009
Hordeum
vulgare
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Barley CoCl, Root growth | 4d-NOEC 180 Lock et al.
Hordeum (5.45 mg/L)° 2007
vulgare

Barley CoCl, Root growth 4d-EC50 180 Lock et al.
Hordeum (79.8 mg/L)° 2007
vulgare

Barley CoCl, Root growth 4d-EC10 13-255 Mico et al.
Hordeum 2008
vulgare

Northern CoS0O, shoot length 21d-IC50 1364 Environment
wheatgrass 21d-IC10 189.7 Canada
Elymus 2010c
lanceolatus

Northern CoS0O, root length 21d-IC50 271 Environment
wheatgrass 21d-I1C10 64.6 Canada
Elymus 2010c
lanceolatus

Northern CoS0O, shoot dry 21d-1C50 1175 Environment
wheatgrass weight 14d-IC10 524 Canada
Elymus 2010c
lanceolatus

Northern CoS0O, root dry 21d-IC50 250 Environment
wheatgrass weight 14d-IC10 44.4 Canada
Elymus 2010c
lanceolatus

Oilseed rape CoCl, Shoot growth | 21d-EC10 1-102 Li et al. 2009
Brassica

napus

Radish CoCl, emergence 14d-EC20 496.2 (art.) Kapustka et
Raphanus 393.2 (nat.) al. 2006
sativus

Radish CoCl, shoot length | 14d-EC20 59.7 (art.) Kapustka et
Raphanus 94.0 (nat.) al. 2006
sativus

Radish CoCl, root length 14d-EC20 41.2 (art.) Kapustka et
Raphanus 45.3 (nat.) al. 2006
sativus

Radish CoS0, shoot length 14d-IC50 488 Environment
Raphanus 14d-1C10 119 Canada
sativus 2010c
Radish CoS0, root length 14d-1C50 243 Environment
Raphanus 14d-1C10 22.2 Canada
sativus 2010c
Radish CoS0, shoot dry 14d-1C50 2213 Environment
Raphanus weight 14d-IC10 452 Canada
sativus 2010c
Radish CoS0, root dry 14d-IC50 741 Environment
Raphanus weight 14d-IC10 407 Canada
sativus 2010c
Red clover CoS0, shoot length 14d-IC50 914 Environment
Trifolium 14d-IC10 102 Canada
pratense 2010
Red clover CoS0, root length 14d-IC50 163 Environment
Trifolium 14d-IC10 93 Canada
pratense 2010c
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Red clover CoS0, shoot dry 14d-1C50 783 Environment
Trifolium weight 14d-1C10 516 Canada
pratense 2010c
Tomato CoS0, shoot length 14d-1C50 673 Environment
Lycopersicon 14d-EC10 98 Canada
esculentum 2010c
Mill

Tomato CoS0O, root length 14d-1C50 561 Environment
Lycopersicon 14d-EC10 267 Canada
esculentum 2010c
Mill

Tomato CoS0, shoot dry 14d-1C50 847 Environment
Lycopersicon weight 14d-EC10 426 Canada
esculentum 2010c
Mill

Tomato CoS0, root dry 14d-1C50 220 Environment
Lycopersicon weight 14d-EC10 49.7 Canada
esculentum 2010c
Mill

Tomato CoCl, Shoot growth | 21d-EC10 1-192 Li et al. 2009
Lycopersicon

esculentum

Mill

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms; IC,: The inhibiting concentration for a specified percent effect. A point estimate of the concentration of a test
substance that causes XX% reduction in a quantitative biological measurement such as growth rate; LCy: the
concentration of a substance that is estimated to be lethal to XX% of the test organisms; NOEC: the no observed effect
concentration is the highest concentration in a toxicity test not causing a statistically significant effect in comparison to the
controls.

1: Artificial soil

2: Natural soil

3: Pore water cobalt

Table D-6: Summary of reliable data for chronic toxicity of cobalt to

terrestrial invertebrates

Test Test Endpoint | Duration | Toxicity | Reference
organism | Compoun Value
d (mg Co/kg
dw soil)
Earthworm CoS0, Juvenile 63d-1C50 16.4 Environment
Eisenia production 28d-IC10 4.23 Canada
andrei 2010c
Earthworm CoS0, Juvenile dry 63d-1C50 70.5 Environment
Eisenia mass 57.7 Canada
andrei 2010c
Earthworm CoCl, Reproductio 28d-EC10 555 De
Eisenia n Schamphela
fetida ere et al.
2008
Potworm CoCl, Reproductio 42d-EC10 53-152 De
Enchytraeus n Schamphela
albidus ere et al.
2008
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Springtail CoS0O, Juvenile 28d-1C50 432 Environment
Folsomia production 28d-EC10 181 Canada
candida 2010c
Springtail CoCl, Reproductio | 28d-EC10 16.3-768 De
Folsomia n Schamphela
candida ere et al.
2008
Springtail CoCl, Reproductio | 28d-EC10 272.4 Nota et al.
Folsomia n 2010
candida
Springtail CoCl, Reproductio | 28d-LOEC 180 mg/L Lock et al.
Folsomia n 1800 mg/L 2004
candida

Abbreviations: EC: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms; IC,: The inhibiting concentration for a specified percent effect. A point estimate of the concentration of a test
substance that causes XX% reduction in a quantitative biological measurement such as growth rate; LCy: the
concentration of a substance that is estimated to be lethal to XX% of the test organisms; LOEC: the low observed effect
concentration is the lowest concentration in a toxicity test that caused a statistically significant effect in comparison to the

controls.

Table D-7: Summary of reliable data for toxicity of cobalt to soil

microorganisms

Test . Toxicity Reference
Endpoint
Test Compoun : . : Value
. (microbial | Duration
organism d (mg Col/kg
process) ;
dw soil)
Variety of soil CoCl, . Salpeteur et
. ) Potential NOEC or
rsnlcroorganlsm nitrification EC10 23.1-725 al. 2007
Variety of soil CoCl, Glucose NOEC or Salpeteur et
microorganism induced 6.3-606 al. 2007
S EC10
s respiration
Varietv of soil CoCl, Maize Salpeteur et
e residue NOEC Or | 405 406 al. 2007
S 9 mineralizatio EC10 )
n

Abbreviations: EC,: The concentration of a substance that is estimated to cause some effect on XX% of the test
organisms; NOEC: the no observed effect concentration is the highest concentration in a toxicity test not causing a

statistically significant effect in comparison to the controls.
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Appendix E: Summary of human health Effects information

Table E-1: Summary of health effects information for cobalt substances
(laboratory animals and in vitro)

Endpoint Lowest Effect Levels/Result References
Acute- oral Lowest oral (gavage) LDsy (rat) = 42.4 mg Col/kg | Singh and Junnarkar 1991
bwCo/kg bw Additional references:
[CoCl,] Speijers et al 1982
[CoCI2,C0S04, Cobalt

oxide, Nitric acid cobalt
(2++) salt]; FDRL 1984
[CoSO4]; Reagan 1992
[Cobalt metal, Cobalt
sulfide]; Lewis1996
[Carbonic acid, cobalt (2+)
salt (1:1)]; Kniga 1980

[Cobaltate(3-),
hexakis(nitrito-N)-,
tripotassium,]; Luckey 1975
[CoO]; Llobet and Domingo

1983 [Nitric acid cobalt
(2++) salt]
Acute- inhalation | Lowest inhalation LCs, (rat-male/female) < 0.261 | CoRC 2010d
mg/L air [Cobalt oxide]. Additional references:
CoRC 2010b
Acute- dermal Lowest dermal LCsy (rat-male/female) > 2000 mg/kg | CoRC 2010a.

bw [Resin acids and Rosin acids, cobalt salts, cobalt(ll)
4-oxopent-2-en-2-Olate]

Sensitization-
dermal

Positive dermal sensitization in the local lymph node
assay (LLNA) and guinea pig maximization test to
CoCls.

Guinea pigs were also sensitized by contact with CoCl,
for 24 hours. Positive dermal sensitization in adjuvant
and patch test to CoSO,.

Ikarashi et al. 1992 a, b;
Camner et al. 1993;
Yamano et al. 2006; Liden
& Wahlberg 1994; Yanagi
etal. 2001

Sensitization-
Inhalation

Positive sensitization in minipigs to Co metal aerosols

Kerfoot et al. 1975

Irritation- dermal

Not irritating in in vitro Skin Irritation: Reconstructed
Human Epidermis Test Method. [cobalt oxide, cobalt
sulphide, cobalt dihydroxide]

CoRC 2010c; CoRC

2010d; CoRC 2010e

Irritation- eye

Not irritating to eye in acute eye irritation and corrosion
test in NZW rabbits [cobalt carbonate, cobalt oxide.
cobalt sulphide]

CoRC 2010b; CoRC

2010c; CoRC 2010d

Short-term Lowest oral LOAEL (rat) = 2.5 mg Co/kg bwCo/kg bw | Stanley et al. 1947
repeated dose | per day based on increased red blood cells
toxicity- oral (polycythemia). NOAEL = 0.62 mg Co/kg bw/day

[CoCl,.6H,0]
Short-term Lowest inhalation LOEC (rabbit) = 0.5mg Co/m° | Johansson et al. 1983,
repeated dose | based on effects in the respiratory system following | 1984
toxicity- inhalation | exposure for 4-6 weeks [CoCl,]
Short-term Lowest dermal LOEL (rat) = 9.6 mg Co/kg bw per day | lkarashi et al. 1992 a, b
repeated dose | based on sensitization in the local lymph node assay

toxicity- dermal

(LLNA) — 3 day exposure [CoCl,]
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Endpoint Lowest Effect Levels/Result References
Subchronic Lowest oral LOEL (rat) = 0.5 mg Co/kg bwCo/kg bw | Krasovskii and Fridlyand
toxicity- oral per day based on increased latent period of | 1971
conditioned reflexes and transient polycythemia | Additional studies: Union
following 7 months of treatment. NOAEL = 0.05 mg | Carbide Corp 1992[Co0]
Col/kg bw per day [CoCl;]
Subchronic Lowest inhalation LOEC (mice, rat) = 0.11 mg Co/m° | NTP 1991, Bucher et al.

toxicity- inhalation

based on effects in the respiratory system (squamous
metaplasia of the larynx) following 13 weeks of
exposure. [CoSO,. 7H,0]

1990
Additional studies:
Johansson et al. 1987

Chronic
toxicity/carcinoge
nicity

Non-neoplastic effects:

LOEC (mouse, rat) = 0.11 mg Co/m® based on effects
in the respiratory system (lesions in larynx, lung, and
nose) based on 2-year inhalation bioassay of CoSO,.
7H,0 at 0, 0.11, 0.38, or 1.14 mg Co/m?, 6 hours/day,
5 days/week for 105 weeks.

Carcinogenicity:

NTP concluded there were “clear evidence of
carcinogenic activity” in male and female mice, and in
female rats; and “some evidence of carcinogenic
activity” in male rats. Rats and mice: significantly
different benign and malignant alveolar/ bronchiolar
neoplasms at 1.14 mg Co/m® for males and at 0.38, or
1.14 mg Co/m? for females.

NTP 1991, Bucher et al.
1990

Chronic
toxicity/carcinoge
nicity

NTP concluded that there were clear evidence of
carcinogenic activity in male and female rats and mice
exposed to cobalt metal particulate aerol by inhalation
at0, 1.25, 2.5 or 5 mg Co/m®for 6 hours a day 5 days
a week for up to 105 weeks. Incidences of
alveolar/bronchiolar carcinoma and
alveolar/bronchiolar adenoma or carcinoma
(combined) occurred with positive trends in male and
female mice, and the incidences were all significantly
greater than those in the controls. Cancers of the
adrenal medulla in male and female rats and
pancreatic islets in male rats were also attributed to
cobalt metal exposure.

NTP 2014

Developmental

Lowest oral LOAEL (rat) = 5.2 mg Co/kg bwCo/kg bw

Szakmary et al. 2001

Toxicity per day based on developmental toxicity [visceral | Additional studies:
retardation, skeletal malformations (stern hyperplasia, | Domingo et al. 1985;
double vertebral ossification centres, shortened rib | Patternain et al. 1988
13)], increased perinatal pup death, stunted growth
and transiently delayed developmental parameters
[C0S0,.7H,0]
Reproductive Lowest oral LOAEL (mice) = 9.9 mg Co/kg bwCo/kg | Elbetieha et al. 2008
Toxicity bw per day based on decreased implantations, | Additional studies: Pedigo
decreased number of viable fetuses, increased number | and Vernon 1993; Pedigo
of resorptions, and decreased epididymal sperm count | et al. 1988
[COC'Q'GHzo]
Counter ions of | Literature search on the health effects of counter ions | US EPA 2009; HSDB
cobalt were conducted and based on the available data; most | 1983a, 1983b, 1983 c,
substances of the counter ions are less toxic to experimental | 1985, 1986, 1992;
animals and humans than cobalt moiety. Counter ions | Environment Canada,
that are more toxic (eg: chromium-containing | Health Canada  1994;
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Endpoint Lowest Effect Levels/Result References
substances) than cobalt moiety have already been | Environment Canada,
assessed in the previous assessments, such as | Health Canada 2011b;
Priority Substances List. European Commission.

€2000a, c2000b

Table E-2: Summary of health effects information for cobalt substances

(epidemiological studies)

Endpoint Effect levels/Results References

Sensitization- Positive sensitization in 1-10% of patients for cobalt | Pratt et al. 2004; Uter et al.

Dermal chloride in 1% in petrolatum applied as a patch test to | 2005; Warshaw et al. 2007

over 4000 subjects.

Positive sensitization for cobalt (2++) nitrate at 5% in
water was applied in a patch test to 436 pottery factory
workers.

Pirila  1953;  Additional
studies: Camarasa 1967;
Nielsen et al. 2000

Sensitization-

Inhalation sensitization:

Shirakawa 1989; Bencko et

inhalation Inhalation of cobalt chloride aerosols can produce an | al. 1983; Shirakawa et al.
asthmatic response in sensitized individuals. 1988, 1989; Nemery et
IgE and IgA antibodies specific to cobalt have been | al.1992; Linna et al. 2004;
detected in humans. Swennen et al. 1993; Linna
Following occupational studies, explained in details | et al. 2003; Roto P. 1980
under chronic exposure, showed respiratory irritation, | and Sauni R. et al. 2010;
asthma and bronchitis among workers exposed to | CoRC 2010a
cobalt and cobalt compounds:
Based on those occupational studies, EC has classified
cobalt and cobalt substances, including cobalt
powders, cobalt sulphate, cobalt di-chloride, cobalt di-
nitrate, cobalt carbonate, cobalt acetate, cobalt
monoxide, tricobalt tetraoxide, cobalt sulphide, cobalt
di-hydroxide, cobalt tri-hydroxide, cobalt oxy-hydroxide,
cobalt resinate and cobalt stearate as respiratory
sensitizer: Category 1B.
Short-term Healthy male volunteers aged 20-47 exposed to CoCl, | Davis and Fields 1958;
repeated dose | at about 1 mg Co/kg bw/day for up to 22 days resulted | Duckham and Lee 1976;
toxicity- (oral) | in 16-20% increase in red blood cell (erythrocytes) | Taylor et al. 1977; Holly
Increased red | numbers (polycythemia) and 6-11% increase in | 1955; Jaimet and Thode
blood cells | haemoglobin levels. Effects were transient and | 1955

(polycythemia)

erythrocyte counts became normal in 9-15 days.

Study in anephric, anaemic patients:

0.16 to 0.32 mg Co/kg bwCo/kg bw per day as CoCl,
(25 or 50 mg/day).

Patients were treated for 12 to 47 consecutive weeks,
followed by a break of at least 12 weeks. Significant
increase in haemoglobin and red cell volume in most
patients.

Pregnant women:

0.45 to 0.64 mg Co/kg bwCo/kg bw per day as CoCl,
(75 or 100 mg/day) daily for 90 days (third trimester).
Haemoglobin levels and red blood cells were not
increased.

Children:
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Endpoint Effect levels/Results References
Children (ages 5-9 years old) dosed up to 1.8 mg
Co/kg bw per day showed no change in hemoglobin
levels.
Short-term Volunteers and patients receiving cobalt salts to treat | Kriss et al. 1955; Gross et
repeated dose | anaemia: al. 1955
toxicity- (oral) | Doses of 2.8 to 3.9 mg Co/kg bw per day for 3 to 8 | Jaimet and Thode, 1955

Thyroid effects

months. Goiter enlarged thyroid and microscopic
changes in thyroid.

and Bowie and Hurley 1975
Additional studies: Paley et

No thyroid effects reported in some anemic children | al. 1958; Roche and

orally exposed to cobalt 1.8 mg Co/kg bw per day for | Layrisse 1956

10 weeks and dialysis adults exposed to 0.32 mg

Co/kg bw/day for 4 weeks.
Subchronic Case reports of consumers of large quantities | Alexander 1969, 1972;
toxicity- Oral (approximately 8-30 pints/day or 4-14 liters) of beer | Bonenfant et al. 1969;
Lethal containing CoSO, as a foam stabilizer. Possible | Kesteloot et al. 1968; Morin

cardiomyopathy

influences on the victims’ susceptibility included a
protein-poor diet and cardiac damage from alcohol
abuse. Estimates of the cobalt exposures leading to
death ranged from 0.04 to 0.14 mg/kg bw per day (“for
several years”)

Well-nourished beer drinkers who drank similar
quantity of beer treated with cobalt sulfate
(approximate cobalt intake 0.09 mg Co/kg bw/day), did
not experience any cardiac damage

and Daniel 1967; Morin et
al. 1971; Sullivan et al.
1969; IPCS 2006; Kesteloot
et al. 1968

Chronic toxicity-
inhalation
non-cancer
endpoints

Cross-sectional study on 194 workers (166 men and 28
women) from 10 diamond-polishing workshops and 59
workers from three other workshops in the diamond
industry (controls — 46 men and 13 women)

Workers divided into three exposure categories
according to airborne cobalt measurements (personal +
area air samples): controls (0.0004 +/- 0.0006 mg/m°),
low (0.0053+/- 0.0032 mg/m®> and high exposure
(0.0151 +/- 0.0117 mg/m®). Exposure was also
confirmed by measurement of cobalt in urine.

The duration of employment in each exposure group

Nemery et al. 1992
(reviewed in ATSDR 2004)

Additional studies: Linna et
al. 2004; Swennen et al.
1993; Linna et al. 2003;
Roto P. 1980; Sauni et al.
2010; Rehfisch et al.
20102; Lantin et al. 2013
(route-not clear); Mur et al.
1987 and Moulin et al. 1993
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Endpoint

Effect levels/Results

References

was not discussed; the exposure categories represent
air concentrations only at the time of the study.

The high exposure group was more likely to complain
about respiratory symptoms and had significantly
higher prevalence of eye, nose, and throat irritation and
cough. The prevalence of some symptoms (e.g. cough,
phlegm) was elevated in the low exposure group
compared with the control group, but the magnitude of
the increase (over that seen in controls) did not
achieve statistical significance (at P < 0.05).

Lung function, assessed by FVC, FEV1, MMEF (forced
expiratory flow between 25% and 75% of the FVC),
and mean PEFR, was significantly reduced in workers
in the high exposure group compared with workers in
the lower exposure and control groups. Lung function
was not decreased in the low exposure group
compared with the control group.

LOAEC = 0.0151 mg/m®

NOAEC = 0.0053 mg/m®
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Appendix F: Summary of human biomonitoring data

Table F-1: Concentration of cobalt in blood (ug/L)

Location /

Sampling

Age

Gender N Median 95" Percentile

Reference year(s) | (years)
Canada /
Health 22000191‘ 379 | Male | 2940 0'23 (2%)19 - 0'38 éc;)so -
Canada 2013 ’ ’
Canada /
Health 22000191‘ 3-79 | Female | 3130 0'28 (2%)21 - 0'43 é%fB -
Canada 2013 ) )
Canada/ 2009- Male + 0.22(0.20- | 0.40(0.36-
Health 2011 379 | Female | 9070 0.24) 0.43)
Canada 2013 ’ ’
Canada / 2009— Male + 0.26 (0.24- | 0.42(0.32-
itk 2011 35 | Female | 49° 0.28) 0.52)
Canada 2013 ’ ’
Canada / 2009— Male + 0.24(0.22- | 0.37(0.34-
itk 2011 611 | remale | 991 0.26) 0.40)
Canada 2013 ) )
Canada / 2009- Male + 0.23(021- | 0.38(0.34-
Health 2011 | 219 | pemae | 997 0.25) 0.41)
Canada 2013 ) )
Canada / 2009- Male + 0.21(0.19- | 0.40(0.35-
Health 2011 | 2939 | pemale | 1313 0.23) 0.44)
Canada 2013 ) )
Canada / 2009- Male + 0.21(0.20- | 0.43(0.34-
Health 2011 | 4999 | pemale | 1222 0.23) 0.52)
Canada 2013 ) )
Canada / 2009— Male + 0.22(0.20- | 0.39(0.35-
Health 2011 | 979 | Female | 1082 0.24) 0.42)
Canada 2013 ’ ’
Quebec City,
Canada / 2001 18-65 Ma?:]ea;; 472 <0.18 0.37
INSPQ 2004
British
Columbia,
Canada / 2004— | 45 65 | Male+ | g 0.47 071

2005 Female
Clark et al.
2007
Alberta,
Canada/
Alberta <25- 50,599, a
Health and 2005 31+ Female pooled 0.2-3.6 -
Wellness
2008
Alberta,
Canada /
Government 2004~ <5-13 Male + | 1373, 0.16-0.2°

2006 Female | pooled
of Alberta
2010

& arithmetic mean
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Table F-2: Concentration of cobalt in urine (ug/L)

Location / Sampling Age Gender N Median 95" Percentile

Reference year(s) | (years)

Canada /

Health 22000191‘ 379 | Male | 3035 0'23 (2%)19 - 0'83 g)l'; 1-

Canada 2013 ) )

Canada /

Health 22000191_ 3-79 Female | 3269 0'28 g%)24 i 1.1(1.0-1.3)

Canada 2013 )

Canada/

Health 2200051_ 3-79 E/ﬂea;; 6304 0'23 (2%)22 ~ 10.97(0.86-1.1)

Canada 2013 )

Canada/

Health 2200051_ 35 E/ﬂea;; 573 0'38 5%;31 i 1.1 (0.65 - 1.6)

Canada 2013 )

Canada/

Health 22000191‘ 6-11 |2Aearlrlmea|; 1061 0'48 2%)37 " | 1.1(095-13)

Canada 2013 :

Canada/

Health 22000191‘ 12-19 Iﬁ"ear‘LealJ; 1041 0'38 5101')32 " | 15(@1.2-1.9)

Canada 2013 :

Canada/

Health 22000191‘ 20-39 Iﬁ"e"’r‘r']ear; 1320 0'28 g%fl "~ 10.92(0.75-1.1)

Canada 2013 )

Canada / 2009- Male + 0.22 (0.17 - 0.85 (0.72 -

itk 2011 | 999 | Female | 1224 0.27) 0.97)

Canada 2013 ’ )

Canada / 2009- Male + 0.18 (0.14 - 0.74 (0.51 -

itk 2011 | 997 | remale | 1980 0.23) 0.98)

Canada 2013 ’ )

United States

/US CDC 22000191‘ 620+ é/lale |+ ogqg | 0-38(0:350- 1, (1.20 - 1.58)

2013 emale 0.400)

France / Fréry 2009— Male +

et al. 2010 2011 18-74 Female 1991 0.220 1.40

Germany /

Heitland etal. | 2005 2.6 Iﬁ"ear‘:]ear; 24 06° 221

2006

Germany /

Heitland etal. | 2005 7-11 Iﬁ"ear‘:]ear; 24 061° 219

2006

Germany /

Heitland et al. 2005 12-17 | Male+ 1 o, 0.46 2 2.21
Female

2006

Germany /

Heitland et al. 2005 18-65 | Male+ | g7 0.18° 1.53
Female

2006

& geometric mean
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Appendix G : Summary of human exposure data

Table G-1: Average estimates of daily intake (ug/kg-bw per day) of cobalt by
the general population in Canada by environmental media and food

0-6 0-6
Route of months months 0.5-4 5-11 12-19 20-59 60+
Exposure breast not breast | years® | years® | years' | years® years”
fed®® fed®®
:ﬁ! sonal <0.001 <0.001 <0.001 | <0.001 | <0.001 | <0.001 | <0.001
\E’Vgt”ekr'jng NA" 0.003 0.002 | 0.001 | 0.001 | <0.001 | <0.001
EZSSZSSSK 0.59 0.63 0,57 0.42 0.29 0.23 0.19
Soil NA NA 0.002 0.002 | <0.001 | <0.001 | <0.001
gagfmeho'd 0.010 0.010 0.005 | 0.002 | <0.001 | <0.001 | <0.001
I\?;ile 0.60 0.64 058 | 042 | 029 0.23 0.19

a

Assumed to weigh 7.5 kg, to breathe 2.1 m® of air per day (Health Canada 1998) and to
ingest 38 mg of household dust per day (Wilson et al. 2013). Breast fed infants are assumed
to consume solely breast milk for 6 months. Not breast fed infants are assumed to consume
formula and food. Approximately 50% of not formula-fed infants are introduced to solid foods
by 4 months of age and 90% by 6 months of age (NHW, 1990 in Health Canada 1998).
Assumed to consume 0.742 L of breast milk per day (Health Canada 1998). The maximum
concentration measured in breast milk from 43 mothers in Newfoundland was 6ug/L. (Friel et
al 1999).

Assumed to drink 0.2 L of water (for use in formula) per day (Health Canada 1998).

Assumed to weigh 15.5 kg, to drink 0.2 L of water, to breathe 9.3 m? of air per day (Health
Canada 1998) and to ingest 14 mg of soil and 41mg of household dust per day (Wilson et al.
2013).

Assumed to weigh 31.0 kg, to drink 0.4 L of water, to breathe 14.5 m® of air per day (Health
Canada 1998) and to ingest 21 mg of soil and 31mg of household dust per day (Wilson et al.
2013).

Assumed to weigh 59.4 kg, to drink 0.4 L of water, to breathe 15.8 m? of air per day (Health
Canada 17998) and to ingest 1.4 mg of soil and 2.2 mg of household dust per day (Wilson et
al. 2013).

Assumed to weigh 70.9 kg, to drink 0.4 L of water, to breathe 16.2 m? of air per day (Health
Canada 1998) and to ingest 1.6 mg of soil and 2.5 mg of household dust per day (Wilson et
al. 2013).

Assumed to weigh 72.0 kg, to drink 0.4 L of water, to breathe 14.3 m® of air per day (Health
Canada 1998) and to ingest 1.5 mg of soil and 2.5 mg of household dust per day (Wilson et
al. 2013).

Intake from personal air is estimated using the 95" percentile cobalt concentration in PM10
measured in the WOEAS, 0.280 ng/m® (2.8x10” mg/m®) (Rasmussen 2013).

The average concentration of cobalt in treated water, 0.11 pg/L from 623 samples reported
by the Province of Ontario was used to generate average intake estimates for the general
population. This value was chosen as it was from one of the larger samples sizes in Table
A7.5 and it was above the detection limit for the analysis. The majority of central tendency
data were below LOD..

Estimates of intake from food are the results reported as part of the Canadian TDS for year
2007 (http://www.hc-sc.gc.cal/fn-an/surveill/total-diet/index-eng.php) ; the value presented
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n

in the table corresponds to the highest value reported for overlapping age groups: 0-6 months
non-breast fed is represented by 2-3 months, 0.5-4 years is represented by 7-9 months, 12-
19 years is represented by 12-19 years male, 20-59 years is represented by 20-39 years
male and 60+ is represented by 40-64 years male. Individual food items were purchased from
three to four supermarkets; the food samples were then prepared and processed as they
would be consumed in the average Canadian household. The processed foods were then
mixed to make composites (over 140 different composites) which were analyzed to determine
cobalt content. The concentration was then combined with food intake information for
Canadians to estimate dietary daily intake. (Health Canada 2009b)

Intake of cobalt from soil is estimated using the estimated bioaccessible concentration of 2.2
mg/kg. This is based on the median of 50 samples of cobalt measured in garden soil from
Ottawa, ON, 8.04 mg/kg (Rasmussen et al 2001). These results are comparable to results
from soil and road dust in other studies in Canada not impacted by a point source (Table
A7.6) and using a bioaccessibility factor of 28% derived for the Sudbury Area Risk
Assessment (SARA 2005). The Geological Survey of Canada reported the geological
background concentration of cobalt, measured in subsurface glacial till, to be 7mg/kg which is
higher than or similar to soil levels from ambient levels.

Intake of cobalt from household dust is estimated using the median concentration of
bioaccessible cobalt, 2 mg/kg, in household dust collected from 1017 homes as part of the
CHDS (Rasmussen 2013). The CHDS was designed to provide a statistically representative
measure of levels of substances in the homes of Canadians.

NA — not applicable

Table G-2: Blood equivalent of daily exposure

Age Total intake Total intake Calculated blood
(ug/kg-bw per day)® (ug per day)” concentration (ug/L)°

20-59 0.23 16 0.39

years

4 From Table G-1

® calculated intake based on adult body weight of 70.9Kg (total intake = 0.23 ug/kg-bw per day x
70.9 kg = 16.3 ug per day

° Cobalt blood concentration (ug/L) = 0.0092 X 16.3 ug per day (cobalt oral intake ug/day) +
0.2374 = 0.39 pg/L

Table G-3: Concentration of cobalt in human milk (ug/L)

Location (city or [ Sampling | Sample description n Central Range | Reference
province, year (S) Tendency
Country)
1 sample per week for 8
Newfoundland, 1988 — weeks and 1 sample 43 0—6° i Friel et al.
Canada 1993 week 12, 43 1999
participants
. i Single sample from 27 a <0.07 — | Krachler et
Austria participants 21 0.19 1.20 al. 2000
Single sample from
. 1998 — - b Abballe et
Venice, Italy 2000 each participant — low [ 10 | 0.00595 - al. 2008
fish diet
Single sample from
Venice, Italy 1998 - each participant — 13 | 0.00242° - Abballe et
2000 : ) . al. 2008
medium fish diet
Single sample from
. 1998 — - . b Abballe et
Venice, Italy 2000 each paﬁrgﬁlgﬁ;t — high 6 <0.001 - al. 2008
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1998 — Single sample from b Abballe et
Rome, Italy 2000 each participant 10} <0.001 i al. 2008
Single sample from a B .
Portugal 2003 each participant about | 19 0'69b 0.48 Almedia et
0.72 1.22 al. 2008
30 days post-partum
1 sample about 3 a 0.05 -
Guatemala months post-partum 84 0.24 2208 WHO 1989
1 sample about 3 a 0.02 -
Hungary months post-partum 71 0.15 368 WHO 1989
S 1 sample about 3 a 0.26 —
Nigeria months post-partum 18 0.64 1.41 WHO 1989
I 1 sample about 3 a 0.48 —
Philippines months post-partum 65 1.40 474 WHO 1989
Sweden Lsample about3 g5 | go7a | 010 = 5 1989
months post-partum 0.75
Zaire 1sampleabout3 | oo | gga | 0.09- 1151989
months post-partum 1.90
% median
® arithmetic mean
Table G-4: Concentration of cobalt in air (ng/m®) in Canada
L : v Sample / n<LOD Central 95™ 0sile Ref
ocation ear(s) Type n/n Tendency eference
. 2005 — Indoor
Windsor, ON 2006 PM25 437/ 394 <LOD 0.228 Rasmussen 2013
. 2005 — Outdoor
Windsor, ON 2006 PM2 5 447 | 358 <LOD 0.145 Rasmussen 2013
. 2005 — Personal
Windsor, ON 2006 PM2.5 445 | 386 <LOD 0.192 Rasmussen 2013
Edmonton, 1 010 | "MI9OLPM | 562169 | 0.0107 0.320 WAQB 2013a
Calgary 2010 O‘F’,t&ior 29/0 0.006° 0.055 WAQB 2013b
Calgary 2011 O‘Fj,t,\‘jl‘ior 25/0 0.004% 0.009 WAQB 2013b
Halifax 2010 O‘Fj,t,\‘jl‘ior 38/0 0.030° 0.170 WAQB 2013¢
Halifax 2011 O‘Fj,t,\‘jl‘ior 68/0 0.027° 0.192 WAQB 2013¢
. 2005 — Indoor a
Windsor, ON 2006 PM10 532 /58 0.017 0.230 Rasmussen 2013
. 2005 — Outdoor a
Windsor, ON 2006 PM10 890/2 0.071 0.337 Rasmussen 2013
. 2005 — Personal a
Windsor, ON 2006 PM10 397/20 0.022 0.280 Rasmussen 2013
2007 — Outdoor
Sable Island 2008 PM10 22120 <0.02 0.04 NAPS 2003 - 2008
Kelowna, 2006 — Outdoor
BC 2007 PM10 61/54 <0.05 0.05 NAPS 2003 — 2008
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Location Year(s) S%nppele n /n<LOD T(e}r?(;lérnaéy 95" %ile Reference

Quesnel zgggs— O;,fffgr 136/ 114 <0.04 0.06 NAPS 2003 — 2008
Wallaceburg 22888_ O;‘,fflc’gr 104/ 81 <0.04 0.07 NAPS 2003 — 2008
Golden 22837_ O;‘,fflc’gr 224 /158 <0.04 0.07 NAPS 2003 — 2008
Simcoe 2285’8_ O;‘,fflc’gr 279 /186 <0.04 0.07 NAPS 2003 — 2008
Ottawa, ON 22858_ O;‘,fflc’gr 185/ 131 <0.04 0.08 NAPS 2003 — 2008
Abbotsford 238038_ OF‘,‘;/‘ljlc’gr 496 / 274 <0.04 0.08 NAPS 2003 — 2008
Burnaby 228038‘ O;’,fffgr 545/281 |  <0.04 0.09 NAPS 2003 — 2008
O et | oo | Quo0r | 309208 | <0.04 0.9 NAPS 2003 — 2008
Saint Anicet | ooo | Ouo0" | 5157204 | <0.04 0.9 NAPS 2003 — 2008
Toronto 2008 | Oao0r | 4931280 | <0.04 0.10 NAPS 2003 — 2008
Windsor 2008 | Ooaoor | 2347151 | <0.05 0.11 NAPS 2003 — 2008
Saint John 23858‘ O;,fffgr 147/ 73 0.04 0.14 NAPS 2003 — 2008
Flin Flon 23858_ O;‘,f/‘ljfgr 25/15 <0.03 0.15 NAPS 2003 — 2008
Montreal 238038_ O;‘,f/‘ljfgr 405 / 147 0.05 0.17 NAPS 2003 — 2008
Edmonton 2;)(())(()58— O;,fffgr 279/ 121 0.05 0.45 NAPS 2003 — 2008
Halifax 2;)(())(()58— O;,fffgr 135/ 18 0.14 0.68 NAPS 2003 — 2008

% median

Table G-5: Concentration of cobalt in drinking water (ug/L) from identified
cities and provinces in Canada for most recent 5 years (2008 to 2012)

Central
Location Year(s) Sample Type N | Tendency 95th/Max Reference
2008 — All plants and a Toronto Water 2008,
Toronto, ON 2010 distribution lo1 <05 <05 2009, 2010.

_ 2008 — Plants and i a i City of Winnipeg 2008,
Winnipeg, MB 2010 distribution system <0.20 /0.23 2009, 2010.
Montreal, QC 2008 Treatment plants <1° -/<1 Montreal 2008.
Montreal, QC 22%33 Treatment plants <0.03° -/0.07 Montreal 2009, 2011.
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Central
Location Year(s) Sample Type N | Tendency 95th/Max Reference
2008 — Not CRD Water Services
Victoria, BC 2011 Treatment plant 40 | detected — ?? 2008, 2009, 2010,
0.5° 2011.
2008 — Plants and a City of Ottawa 2008,
Ottawa, ON 2010 | distribution system | 13| <05 <05 2009, 2010.
Alberta 2008 Treated water 4 0.10° 0.47/2 Province of Alberta
Manitoba Zggfz_ Treated water 455 <0.2° 0.69/6.1 Povince of Manitoba
. 2008 — Treated and Province of New
New Brunswick 2012 untreated 458 <0.1 0.2/4.8 Brunswick
2008 — Plants and Province of
Saskatchewan 2012 distribution system 75 <1 <1/4.6 Saskatchewan
Ontario Zgggg_ Treated water 623 0.112 0.26/1.37 Province of Ontario
. 20009 - Not
Canada wide 2010 Treated water 122 detected - Tugulea 2013
. 2009 - L Not
Canada wide 2010 Distribution System | 96 detected - Tugulea 2013
& arithmetic mean
b median
Table G-6: Concentration of cobalt in surface soil (mg/kg)
Location | Sampling Sample n Central | range 95" Reference
(city or year (s) description tendency percentile
province)
background ® b
~1956 to L 9.3 0.25 - Rencz et al.
All Canada 2006 GIaC|eL11InE:I)I (<63 | 7398 ¢ 95 23 2006
Ottawa, ambient® 8.36° |555- Rasmussen
ON 1993 garden soil 50 8.05° 15.18 11.58 et al. 2001
Ambient? b .
Toronto, . ) 6.0 5.6 — Wiseman et
ON 2010 soil adjacent t_o 5 6.0° 6.4 - al. 2013
moderate traffic
ambient® b .
Toronto, . - 10.0 7.9— Wiseman et
ON 2010 30|I_adjacer_1t to| 11 10.0° 12 - al. 2013
high traffic
ambient®
community b .
Toronto, 6.6 45— Wiseman et
ON 2010 ga{g‘?{i‘cgno 2 8.7 - al. 2013
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Ambient®
Toronto, 2010 University of 4 7.1° 5.0- i Wiseman et
ON Toronto (no 6.9° 9.6 al. 2013
traffic)
Port . e b
point source 51 5- OMOE 2002
gﬁ:bome’ 19917 not stated i 39° 262 i (see B10)
Point source®,
Cobalt, b
ON 2006 Cobal_t Coleman| 11 11 7-28 23 OMOE 2011
Public School
Cobalt Point source®, .
’ 2006 St. Patricks 20 7 5-12 11 OMOE 2011
ON .
Catholic School
Point source®
Cobalt, o005/6 | Copaltlake i, | guge | 1401 4500 | OMOE 2011
ON green spaces 1700
exposed tailings
Point source®
Cobalt Lake
Cobalt, b
ON 2005/6 green spaces - 17 30 12-86 68 OMOE 2011
western shore
Point source®
Cobalt, 2005/6 | cobaltlake | g 6 48 7 OMOE 2011
ON Green Spaces -
Walking Trail
Point source®
Cobalt Lake
Cobalt, 2005/6 | CreensSpaces-| 4 | g | g g7 64 OMOE 2011
ON soccer field and
baseball
diamond
Point source®
Cobalt Cobalt Lake .
ON ’ 2005/6 green spaces - 8 11 6-97 OMOE 2011
Lions
Playground
Cobalt Point source® )
ON ! 2005/6 |Otherparksand| 17 18 5-130 120 OMOE 2011
green spaces
Point source®
Cobalt Re;idential, .
' 2007 adjacent to 47 31 7-550 260 OMOE 2011
ON .
Buffalo Mill and
tailings
Point source®
Cobalt Re_sidential, X
ON ’ 2007 gd;aqent to 24 39 12-850 580 OMOE 2011
Nipissing low
grade tailings
Point source®
Residential,
goNba't’ 2007 adjacent to 20 72° 1%%'0 930 OMOE 2011

other mills and
tailings
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Cobalt, 2003- Point source® b 1.3-
ON 2007 All samples 1947 640 54000 16000 OMOE 2011
4 pbackground: measurement of the geologic background concentration of cobalt
® arithmetic mean
 median

ambient: measurement of surface concentration potentially influenced by natural or
anthropogenic activities, but not in the vicinity of a large point source of emissions
¢ point source community located in vicinity of point source emission (eg. mine site, smelter or
refinery)

Table G-7: Concentration of cobalt in household dust (mg/kg)

Location Sampling | Sample n Central | Range 95" Reference
Year (s) | description Tendency percentile
(wipe /
vacuum /
particle size

All Canada, 2007 - Vacuum 1017 5.6° 0.7 - 18.9 Rasmussen 2013
(total Co) 2010 <80um 70.2
All Canada 2007 - Vacuum 1017 2.0° 0.3- 5.1 Rasmussen 2013
(biaccessible 2010 <80um 23.2
Co)
Ottawa, ON 1993 Vacuum 48 8.40° 3.28 - 13.10 Rasmussen 2001
(total Co) 8.77" 22.67
Sudbury area, 2001 vacuum, 82 41.30° 6.28 — - SARA 2005
ON (homes) near point 55.59° | 246.00

source
Sudbury area, 2001 vacuum, 8 28.8° 13.6 — - SARA 2005
ON near point 45.1
(elementary source
schools)
& geometric mean
® median

¢ arithmetic mean
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