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AC Article Category (use descriptor according toARH)
BAF Bioaccumulation Factor
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CSA Chemical Safety Assessment

CEC Cation Exchange Capacity

Cl Confidence Interval

DU Downstream User

EB Electron Beam
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ICdA Internal Cadmium Association
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PVD Physical Vapor Deposition

RAR Risk Assessment Report

RBP Retinol-Binding Protein

RLE Production method for cadmium (roasting leaghetectrolysis)
SCOEL Scientific Expert Group on Occupational Esgoe Limits
SMC Swedish Mammography Cohort

SuU Sector of Use (use descriptor according to REACH
TWI Tolerable weekly intake
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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR 1A OR 1B, PBT, VPVB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

Substance Name(s): Cadmium
EC Number(s): 231-152-8
CAS number(s): 7440-43-9

» The substance is proposed to be identified as autstmeeting the criteria of Article 57 (a) of
Regulation (EC) 1907/2006 (REACIdyving to its classification as carcinogen cateddsy

* It is proposed to also identify the substance dstamce of equivalent concern according to
Article 57 (f), owing to the adverse effects onrieg and bone tissues after prolonged exposure
(classification STOT REL).

Summary of how the substance meets the criteria setit in Article 57(a) and 57(f) of REACH.
Carcinogen 1B

Cadmium (non-pyrophoric) is listed as Index num®48-002-00-0 and cadmium (pyrophoric) is
listed as Index number 048-011-00-X in Regulatie@) No 1272/2008 and classified in Annex VI,
part 3, Table 3.1 (list of harmonised classificatiand labelling of hazardous substances) as
carcinogen, Carc. 1B (H350: May cause cancer).cbineesponding classification in Annex VI, part
3, Table 3.2 (list of harmonized classification dabelling of hazardous substances from Annex |
to Council Directive 67/548/EEC) of Regulation (ER) 1272/2008 is carcinogen, Carc. Cat. 2,
R45 (May cause cancer).

Equivalent level of concern

According to REACH Article 57(f), substances foriahthere is scientific evidence of probable
serious effects to human health or the environmenich give rise to an equivalent level of
concern to CMR or PBT/vPvB substances and whichdamtified on a case-by-case basis, may be
included in Annex XIV in accordance with the progesllaid down in Article 58.

Cadmium has the ability to cause a large numbémat effects as is evident from the harmonized
classification. It is thus clear that cadmium mayse many different serious health effects in
addition to the ability to cause cancer. Adverseat$ on multiple organs after repeated exposure to
cadmium, in particular okidney andbone, motivated the classification as STOT RE Catedory

and it is in particular effects on kidney and bdamat justify the equivalent level of concern.

A significant part of the European population idayp exposed to levels of cadmium that may cause
effects on kidney and bone. In non-smokers, foddesmain intake route and it is therefore
important to reduce all input of cadmium to foodistlihe input of cadmium to soil is dominated by
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deposition from air, which therefore must be redij@nd in order to achieve this all uses of
cadmium and cadmium compounds should, whereverigesbe substituted.

Already 25 years ago it was acknowledged withint&Bat cadmium exposure constitutes a problem
for human health and the environment and new astmuld be taken at Community level to
control and reduce cadmium pollution (see: The Curesolution of 25 January 1988 on a
Community action programme to combat environmepéltion by cadmium@fficial Journal C
030, 04/02/1988 P. 0001 — 0001y)ajor elements of the strategy for cadmium contrghe

interests of the protection of human health andetheronment included for example:

« [imitation of the uses of cadmium to cases wher@Ble alternatives do not exist;

» stimulation of research and development: - of stlliss and technological
derivatives, in particular, encouragement to theettpment of further alternatives to
the use of cadmium in pigments, stabilizers antrqga

» development of a strategy designed to reduce cadnmput in soil;

» combatting significant sources of airborne and watdlution.

Cadmium is a toxic metal that ranks 7 on the USnkgdor Toxic Substances & Disease
Registry’s priority list of hazardous substances/wastdr.cadmiumc.gov), a prioritization of
substances based on a combination of their frequénxicity, and potential for human exposure.
As a pollutant of worldwide concern, cadmium hasrbeeviewed by the United Nations
Environment Program, and included on the list @moltal substances considered to be potentially
dangerous at the global level.

To assess whether a substance can be identifis¥ld€ based on REACH Article 57(f) the
hazardous properties of the substance, the patenpact on health and the potential impacts on
society as a whole have to be compared to thosetsfélicited by CMR (or PBT/vPVB)
substances. The following factors that are charatiefor most of the CMRs have been taken into
account:

» Severity of health effects

* Irreversibility of health effects

* Delay of health effects

* Uncertainties on safe exposure

» Societal concern and impairment of quality of life

Severity of health effect: The severity of health effects due to exposureattndum is dependent on
the concentration attained in body tissues andnsxgéidney effects range from indications of
minor tubular and glomerular dysfunction (measurgdhe presence of proteins in the urine) to an
increased risk of end stage renal disease, whicksséates dialysis treatment for survival. The
effects on bone range from disturbances on bosedikomeostasis to actual bone fractures, which
especially for older people are considered quit®ss and can contribute to a premature death. In a
population-based study in patients aged 65 or dlgerisk of mortality in hip fracture patients was
3-fold higher than in the general population arduded every major cause of death (Panula et al
2011). The quality of life for affected individuaksclearly impaired (for example after a hip
fracture), but may also have consequences for tyomsea whole if many individuals are affected.
When comparing with CMR substances, it should k@@weledged that also effects caused by
these substances vary in severity.
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Irreversibility of health effects: According to the EU RAR (ECB 2007) some controvessigts as
to the reversibility of renal effects of cadmiunttoan the general population and in workers. The
(inreversibility of tubular proteinuria after rechion or cessation of exposure depends on the
intensity of exposure and/or the severity of tHeutar damage. It was concluded that, as for
inhalation exposure, incipient tubular effects agsed with low Cd exposure in the general
population are reversible if exposure is substintikecreased. Severe tubular damage (urinary
leakage of the proteins RBP or R2M > 1,000-1,56/g creatinine) is generally irreversible.

A longitudinal study on 74 inhabitants from a cadmipolluted area in Japan (Kido et al. 1988)
showed irreversible and even progression of reysfudiction 5 years after cessation of cadmium
exposure. Likewise, a study from China indicated the negative effects on bone still remains 10
years after the population abandoned ingestiomadintum-polluted rice (Chen et al 2009).

The biological half-life of cadmium in humans igrexnely long (estimated to be 10-30 years) and
the body burden of cadmium therefore increasesjlgnaia accumulation in the kidney, during the
entire life span of an individual. All uses of cadm and its compounds, including when present as
a contaminant, contribute to this bioaccumulatmohumans, which starts already in early life.

Unless exposure is substantially decreased kidnéyane effects therefore tend to be irreversible
due to the continued internal exposure from stesstinium. In that respect cadmium behaves in a
way that resembles substances that are persisteéfti@accumulating in the environment.

Delay of health effects: The bioaccumulation over the life-time of an indwal also affects when
effects appear; in most instances the delay betfestrexposure and appearance of effects is very
long, i.e. decades.

Uncertainties on safe exposure: There is uncertainty about identifying safe expedavels for
cadmium. Biomedical research on cadmium is inteAsearch of the literature data base PubMed
revealed 14 900 articles published during thel@sgears and 8700 articles during the last 5 years.
Consequently, new findings on hazards and riskeected with cadmium and its compounds
continuously appear. As an example, effects on hiesee have recently been shown at exposure
levels previously considered without effects. Simtet can be considered as a “safe exposure
level” is steadily decreasing, precautionary comityunide actions are warranted.

Further, it is not clear whether an effect on bhkitkey or carcinogenesis is the critical end-point
from a risk assessment point of view, although misktassessments concerning cadmium
exposure of the general population (for exampledieent report from EFSA (2012)) are based on
kidney effects. In the risk assessment for workgrSCOEL (2009), the proposed limit values are
also based on effects on the kidney and, to sonemg)oone tissue, representing the most sensitive
targets of cadmium toxicity after occupational esyp@. The suggested IOEL (in air) is considered
to be protective against long-term local effecgsgiratory effects including lung cancer). Whether
this value is also protective against cancer irotissues was not assessed. According to a paper
from the Austrian Workers’ Compensation Board (Rger 2011), the German Committee on
Hazardous Substances (AGS) has recently endolged salue of 16 ng Cd/m3 based on the
acceptable cancer risk of 1 : 25,000, i.e. a vak@fold lower than the IOEL suggested by
SCOEL.

Societal concern and impairment of quality of life: In particular the effects on bone tissue, with
increased risk for bone fractures, are a considieaiblic health problem causing a lot of suffering
and a burden to society in terms of cost, morbiditg mortality. Osteoporotic complications are
particularly prevalent in northern Europe and,istaglly, every second woman in Sweden will
suffer from an osteoporotic fracture during hegtlihe. The incidence of hip fractures is more than
seven-fold higher in Northern Europe than in thet of Europe. The reason(s) for the large age-
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standardized geographical differences is stillkmaiwn, but the differences cannot be explained by
differences in risk of slipping, low calcium intgketamin D deficiency or by inactivity. The
fracture incidence has increased substantiallyesine 1950ies. As the number of old and very old
people in the population increases, a further emxan the prevalence of fractures is to be exgdecte

According to a report published by the Swedish Ghbals Agency, the annual societal costs in
Sweden for cadmium in soil due to human activiigesstimated to approximately 4.2 billion SEK
(approx. 450 million Euros) (Keml 2012). This figuis based on the estimation that 7 and 13 %, in
males and females respectively, of all fractureSweden are caused by cadmium exposure, mainly
via food, and include direct treatment and caréscims bone fractures (approx. 1.5 billion SEK), as
well as a valuation of the shortening of life tianed a decreased quality of life.

In conclusion

Cadmium is considered to fulfil the criteria acdagdto Art. 57(f), i.e. there is scientific evidenc
of probable serious effects to human health whieh gse to “equivalent level of concern”, due to;

» the adverse effects on kidney and bones, effeatgdgpending on dose may be serious and
even contribute to premature death,

» the continuous accumulation of cadmium in the bedych leads to continuous internal
exposure and in practice irreversible effects aubeerse effect levels are reached,

» the occurrence of adverse effects in a signifipamnt of the general population at present
exposure levels, which are primarily of anthropagemigin,

* uncertainties in deriving a safe exposure leved, an

* high societal costs in terms of health care andtehimg of life time and a decreased quality
of life.

Registration dossier(s) submitted for the substanéeYes
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PART |

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES
1.1 Name and other identifiers of the substance

Table 1: Substance identity

EC number: 231-152-8
EC name: cadmium
CAS number (in the EC inventory): 7440-43-9
CAS number:
CAS name: cadmium
IUPAC name: cadmium
Index number in Annex VI of the CLP Regulation |048-002-00-0
048-011-00-X
Molecular formula: Cd
Molecular weight range: 112.4099
Synonyms: cd rod
Cd stangen

kadmium stangen

Structural formula

Cd




ANNEX XV — IDENTIFICATION OF SVHC - CADMIUM

1.2

Name: cadmium

Composition of the substance

Degree of purity: 80-100 % (w/w). The substance is a monoconstitsenstance.

The constituents and impurities as described by@aelmium Reach Consortium”
(http://www.reach-cadmium.eu/) are shown in Tabdn@ Table 3.

Table 2: Constituents

Constituents Typical concentration Concentration range Remarks
cadmium > 99.99 % (W/w) > 95.0 — < 100 % (w/w)

EC no.: 231-152-8

Table 3: Impurities

Impurities Typical concentration Concentration range Remarks
lead > 0.0001 — < 1.5 % (W/w

EC no.: 231-100-4

> 0.0003 % (w/w)

zinc

EC no.: 231-175-3

> 0.002 % (w/w)

> 0.0001 — < 3.5 % (w/w,

10




ANNEX XV — IDENTIFICATION OF SVHC - CADMIUM

1.3

Physico-chemical properties

Table 4: Overview of physicochemical propertiegdata from dissemination database
according to REACH, Article 1191

Property

Value

Remarks

Physical state at

20°C and 101.3
kPa

Solid
Form: cast; powder

Colour: powder is brownish, the cast form is shsityer

Odour: odourless

From
registration

Melting/freezing
point

In nitrogen, the powder starts melting at 309°Gaiimit starts melting at
321°C.

In nitrogen, the cast cadmium particles startsingkt 309°C, in air
they start melting at 313°C.

In nitrogen, the substance does not decomposeanstiin temperature
is ca. 450°C for the powder and ca. 400°C for #e particles.

In air, the substance starts oxidizing at ca. 27@Wvder) and at ca.
470°C (cast metal).

From
registration

Vapour pressure

The vapour pressure of Cd is ribigligt 25°C.

From
registration

Water solubility

The average water solubility of Cd for the powded bar samples was
2.3 and 8.7 mg/L, respectively. Corresponding védugure cadmium
was also calculated with HSC 7.0 software. Theiobthvalue was 5.4
mg/L.

From
registration

Value used for
CSA: 2.3 mg/L
at 20 °C

Relative density

The density of the substance is 8.64 g/anpowder form and 8.6 g/cir
in particulate form.

From
registration

Granulometry

The D50 of the powder is 16.27 um, the D80 is <R0.|The D50 of the
crushed cast particles is 2103 um, the D80 is 0 288.

From
registration

Viscosity

Viscosity of the substance was determined on mdigeid substance.
The results show that the viscosity of liquid metdimium is increasin
slowly as a function of decreasing temperaturd timti melting point is
reached. Here, the melting point seems to be afl3LB At the melting
point, the rapid increase of the viscosity endedntteasurement
automatically.

From

J registration

1 http://echa.europa.eu/information-on-chemicals

11
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2 HARMONISED CLASSIFICATION AND LABELLING

Cadmium (non-pyrophoric) is listed as Index nun8-002-00-0 and cadmium (pyrophoric) is
listed as Index number 048-011-00-X in Regulati&@) No 1272/2008 and classified in Annex VI,

part 3, as follows:

Table 5. Harmonised classification of cadmium (non-pyropt)oTable 3.1 (list of harmonised
classification and labelling of hazardous substanoéRegulation (EC) No 1272/2008

Index No | International EC No | CAS No Classification Labeling
Chemical Hazard Class | Hazard |Pictogram| Hazard
Identification and Category | statement Signal Statement
Code(s) code(s) Word Code(s)
Code(s)

Carc. 1B H350 GHSO06 H350

Muta. 2 H341 GHSO08 H341

. Repr. 2 H361fd GHS09 H361fd

048-002-00- Cadmium Acute Tox. 2 | H330 Dgr H330

0 rg‘or?(;ric) 231-152-8 7440-43-9 'g1oTRE1 | H372 H372

pyrop Aquatic Acute 1 H400 H410

Aquatic Chronic| H410
1

Table 6: Harmonised classification of cadmium (pyrphoric) Table 3.1 (list of harmonised
classification and labelling of hazardous substaneg of Regulation (EC) No 1272/2008

Index No | International | EC No | CAS No Classification Labeling
Chemical Hazard Class and Hazard | Pictogram | Hazard
|dentification Category Code(s) statement Signal Word Statement
code(s) Code(s) Sl
Carc. 1B H350 GHS06 H350
Muta. 2 H341 GHS08 H341
Repr. 2 H361fd GHS09 H361fd
048-011-00+ Cadmium Acute Tox. 2 H330 Dgr H330
X (pyrophoric) 231-152-8 7440-43-9 ‘o107 RE 1 H372 H372
Aquatic Acute 1 H400 H410
Aquatic Chronic ] H410
Pyr. Sol.1 H250
H350: May cause cancer.
H341: May cause genetic defects.
H361fd: May damage fertility. May damage the umbchild.
H330: Fatal if inhaled.
H372: Causes damage to organs through prolongexpeated exposure.
H400: Very toxic to aquatic life.
H410: Very toxic to aquatic life with long lastirgfects.
H250: Catches fire spontaneously if exposed to air

12
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Table 7 Harmonised classification of cadmium (non-pyraptjoaccording to part 3 of Annex VI,
Table 3.2 (list of harmonized classification anddiding of hazardous substances from Annex | of

Council Directive 67/548/EEC) of Regulation (EC) 1&72/2008

Index No |Internationa| EC No CAS No Classification Risk Safety |Indication
I phrases | phrases| (s) of
Chemical e
Identificatio
n
Carc. Cat. 2; R45 R45 S45 T+
Muta. Cat. 3; R68 R68 S53 N
Cadmium Repr. Cat. 3; R62 R62 S60
048-002-00-0  (non- 231-152-8| 7440-43-9 Repr. Cat. 3; R63 R63 S61
pyrophoric) T+; R26 R26
T; R48/23/25 | R48/23/25
N; R50/53 R50/53

Table 8 Harmonised classification of cadmium (pyropho&gctording to part 3 of Annex VI,
Table 3.2 (list of harmonized classification anddiding of hazardous substances from Annex | of

Council Directive 67/548/EEC) of Regulation (EC) M&72/2008

Index No | International EC No CAS No Classification Risk Safety |Indication
Chemical phrases | phrases dg ;efr
Identification
Carc. Cat. 2; R45 R45 S45 T+
Muta. Cat. 3; R68 R68 S53 N
Repr. Cat. 3; R62 R62 S60
. Repr. Cat. 3; R63  R63 S61
048'?(11'00' (5";‘33;:3% 231-152-8 | 7440-43-0 r_)T+; R26 R26
T; R48/23/25 | R48/23/25
N; R50/53 R50/53 | S7/8
F; R17 R17 S43
R45: May cause cancer.
R68: Possible risk of irreversible effects.
R62: Possible risk of impaired fertility.
R63: Possible risk of harm to the unborn child.
R26: Very toxic by inhalation.
R48/23/25:  Toxic: danger of serious damage tothds} prolonged exposure through inhalation
or if swallowed.
R50/53: Very toxic to aquatic organisms; may cadosg-term adverse effects in the aquatic
environment.
R17: Spontaneously flammable in air.
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3 ENVIRONMENTAL FATE PROPERTIES

Anthropogenic and natural sources of cadmium exposure

Cadmium is a natural element, which is presentliarevironmental compartments (as Cd ++).
Cadmium emissions to the environment may theredase from both natural and anthropogenic or
man-made sources. Estimates of the proportiontaf tadmium emissions due to natural sources
have ranged from 10% to 50%. Some of these naturadsion sources include weathering and
erosion of parent rocks, volcanic activity and &irferes (ICdA 2012b). The overall cadmium
anthropogenic exposure is then in the range 0b3D%.

In the environment cadmium is mainly associatedh wihc but also with lead and copper.
Anthropogenic sources include by-products of théathegy of these elements. The release of
cadmium into the human environment occurs via aomsisom mining activities and metal
industries (the smelting of other metals), the costion of fossil fuels, the incineration of waste
materials or inappropriate waste disposal, leacfrimg landfill sites and the use of cadmium-rich
phosphate fertilizers and sewage sludge. Theseoguitpenic activities have contributed to the
contamination by cadmium of the food chain. Howetlegre are also areas with naturally elevated
cadmium concentrations in soil. Because cadmiueassly taken up by many plants, plant-based
food, in particular wheat, rice and potatoes, msagor source of exposure to cadmium. Another
source of exposure is tobacco smoking, mainly beethe absorption in the lungs is higher than in
the gastrointestinal tract (Keml 2011).

When cadmium ions are present in the environmbay;, will interact with the environmental
matrix and biota. The fate will depend on procedi&esdissolution, absorption, precipitation,
complexation, inclusion into (soil) matrix, eta freshwater or seawatercadmium may occur in
both suspended and dissolved forms and is paii@ver a number of chemical species. In the
water, cadmium interacts with components of theewand influence the bioavailability. In
sediment cadmium binds to the sulphide fraction to forsslsoluble CdS. Due to the low
solubility, cadmium will be largely bound in thedsments as long as the sediment is kept under
anaerobic condition. However, if the condition ®imore aerobic, due to e.g. drainage or dredging,
cadmium ions may be re-mobilised into the wategsdits, cadmium interacts with various reactive
soil surfaces (mainly adsorption). The soil pHns@portant parameter that affects the speciation
and the distribution of the cadmium species oversttil and the solution. Cadmium tends to be
more sorbed and complexed at higher pH (pH > 1) #tdower pH. The solubility of cadmium in
soil decreases with increasing pH.

Cadmium is an element and is therefpeesistentin the environment. Cadmium is not
biomagnifying in the aquatic food chain. However, thieconcentration/bioaccumulationfactors
strongly increase when exposure concentrationsdser This observation clearly shows some
level of physiological regulation of uptake.

Some cadmium compounds have very low solubility wedefore release cadmium ions to a lower
extent; this decreases thbipavailability potential. Distinction can therefore be made betwe
cadmium compounds, as a function of their solybiitowever, even cadmium forms with low
solubility may be transformed into higher soluliliborms due to chemical/physical transformation
processes such as incineration or change of tlux ngatential.
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Food

In a recent report from EFSA (2012) cadmium levef®od on the European market were
reviewed and exposure estimated using detailediohgdl food consumption data. High levels of
cadmium were found in algal formulations, cocoaelggroducts, crustaceans, edible offal, fungi,
oilseeds, seaweeds and water mollusks. In an attensplculate lifetime cadmium dietary
exposure, a middle bound overall weekly averageestimated at 2.0d4g/kg body weight and a
potential 95th percentile at 3.66/kg body weight. Individual dietary survey resuitsied

between a weekly minimum lower bound average d 1ola maximum upper bound average of
7.84ug/kg bodyweight and a minimum lower bound 95th petite of 2.01 and a maximum upper
bound 95th percentile of 12.y/kg body weight, reflecting different dietary hisoand survey
methodologies. Food consumed in larger quantitekthe greatest impact on dietary exposure to
cadmium. This was true for the broad food categasfegrains, vegetables, and starchy roots and
tubers. The review confirmed that children and &dail the 95th percentile exposure can exceed
health-based guidance values (current TWI iug/&g bw).

Human exposure and body burden
The general population is exposed to cadmium pilynaia food intake, but also via smoking, soil
and dust ingestion, inhalation of ambient air andkihg water.

Three large and fairly recent studies may be usetisplay the “current” urinary cadmium
concentrations, which reflects body burden, inSkedish population. The results are summarized
in the table below. For more information see sec8 in Part Il of this report.

Summary of the urinary concentrations observed in three Swedish population-based studies.

Age Urinary cadmium pg'y creafinine
(years) Median and (range) % =0 Sugy %=1.0 ug's
Al Hever-smokers All / Never-smokers

SEM 20-20 012 (0.01-0.68) 0.10(0.02-0.68)

50-59 029 (0.04-2.7) 024000414y 207 4 1.8 / 03
WHILA | 53-64 0,67 (0.13-3.6) 0.56(0.13-3.2) 70/ 32 20/ 6
SMC 56-69 035 (0.05-2.4) 029(005-1.3) 23/ @ 200102

SEM; The MNational Swedich bealth-related environmental momtorme program, WHILA; Women’s Helath
1 the Lund Area, SMC; The Swedizh Mammography Cohort:

Women in the age group 50-69 years were also useddaluate the proportion of women having
urinary cadmium levels above the two predefinedftsiof 0.5 and 1.Qug/g creatinine. In these
studies, 20%, 70% and 23% of all the women (4%, 32%6% in never-smokers) had urinary
cadmium concentrations above Qg/g creatinine, respectively. The correspondingpproons for
urinary cadmium concentrations above [glg creatinine were 1.8%, 20% and 2%, respectively
(0.3%, 6% and 0.2% in never-smokers). Differencds/ben studies may indicate higher exposure
in Southern Sweden, but comparability of measureésn@ay contribute.
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Biomonitoring data indicate that the exposure ngi@am has not changed during the last 2-3
decades in Sweden.

As part of an EU research progrdHIME - Public health impact of long-term, low-léveixed
element exposure in susceptible population stratapd from 1,363 children from six European
(Croatia, Czech Republic, Poland, Slovakia, Sloaeand Sweden) and three non-European
countries (China, Ecuador, and Morocco) showed rieafidy small differences between the
European cities (the geometric means ranged 01Au@/L for cadmium). The European
differences were also small among 480 women (0.854@/L). As regards industrially polluted
areas, the results clearly showed that childrandivn certain such areas in Europe may have
cadmium and lead levels in blood that are aboublothose in less polluted regions (PHIME
2011).

4 HUMAN HEALTH HAZARD ASSESSMENT

In 2011, the Swedish Chemicals Agency publishezpant (Keml 2011) containing a human health
risk assessment of cadmium from a Swedish expoparspective (Annex 3 in Keml 2011,
Authors: A Akesson & M Vahter, Karolinska InstityteSweden). The summaries on different
toxicity endpoints given below are primarily frong report.

4.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

Lung retention may be up to 20 %, especially aftenrt-term exposure (IARC 2012).

According to (Keml 2011), a gastrointestinal absiorpof cadmium ranging between 1 and 10 %
seems most likely, with men and individuals witleqdate iron status in the lower range and those
with low iron stores and iron deficiency (mainly meen) in the higher range. Newborns and small
children may have an even higher absorption, indéget of iron status.

Once absorbed, cadmium will bind to metallothion&nming a cadmium—metallothionein

complex that is transferred (via blood) primariythe liver and the kidney. Metallothionein is
inducible in different tissues (e.g. liver, kidnéytestine, and lung) by exposure to various agents
including cadmium. When transported to the kidreagmium—metallothionein is readily filtered at
the glomerulus, and may be efficiently reabsorlethfthe filtrate in the proximal tubules. In the
tubules, the protein portion is rapidly degradedetease cadmium. Cadmium accumulates in
kidney tubules, and causes damage to tubular esitgcially in the proximal tubules. Absorbed
cadmium is excreted very slowly, and the amountseggd into urine and faeces are approximately
equal. In humans, half-life estimates are in tmgeaof 7-16 years (IARC 2012). According to
other references (Keml 2011) it is even longer 300rears).

Cadmium in urine is mainly influenced by the bodyden of cadmium and is generally
proportional to the concentration in the kidneyefihis a close relationship between the cadmium
concentrations in urine and kidneys; and urinagnoam of 1.7 to 2.5ug/g creatinine roughly
corresponds to about 50 mg/kg in the renal coBexause the half-life of cadmium in the body is
very long urinary cadmium is highly dependent oa égeml 2011).
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4.2 Kidney toxicity

In the EU RAR of Cd and CdO (ECB 2007) it was cadeld that there is ample and robust
evidence of the nephrotoxic potential of cadmiutme Tain issue was therefore to define the dose-
effect/response relationships for this endpointelt as the health relevance of the endpoints used
to establish these relationships. For workers cattopally exposed to cadmium (mainly by
inhalation), a LOAEL of ug Cd/g creatinine in urine was considered to ctutstia reasonable
estimate. The health significance of this threshdd justified by the frequent observation of
irreversibility of tubular changes above this vatunel its association with further renal alteration.
Further, it was considered plausible that the loM@AEL (2 ug Cd/g creatinine in urine) in the
general population exposed by the oral route cbalthe consequence of an interaction of Cd
exposure with pre-existing or concurrent renal aee It was emphasized that the interpretation of
the LOAELs and the margin of safety should take extcount the long half-life of cadmium and
the uncertainties regarding the present hazargsisemnt.

According to a later risk assessment (Keml 201hyrmaber of studies, including the Swedish
general population, show significant associatiogtsveen cadmium in urine and/or blood and
markers of impaired kidney function, mostly impaditebular function, where the risk starts to
increase already belowly/g creatinine. It is difficult to ascertain theagx lowest effect dose for a
clear adverse effect. However, also impaired gloaefiltration rate has been observed, the risk of
which seems to start at 0.7 to Luf/g creatinine. That the reported associationsesgnt causal
relationships is supported by the fact that assiocis were observed for several different
biomarkers of kidney effects, in several differpopulations, and in both men and women. Also,
the mechanistic studies support an effect at loposwre. Thus, the observed associations, even
those at very low exposure levels, may imply posdigtadverse effects, which in combination with
other stressors may affect the long-term healthfanction of the kidneys (Keml 2011).

A recent study using NHANES (National Health andrition Examination Survey) data from
5426 subjects in the USA revealed that a cadmiumcexatratior> 1 ug/g creatinine in urine or 1
ug/L in blood was associated with statistically siigant increased risk of albuminuria, while only
the concentration of cadmium in blood and not ineiwvas associated with increased risk of
lowered glomerular filtration rates (Ferraro et2410).

There are also indications that environmental atudipational exposures to cadmium affect the
development of end-stage renal disease, measureskddor renal replacement therapy (Hellstrom
et al. 2001). Comprehensive data were availablalfandividuals undergoing renal replacement
therapy (384 cases between 1978 and 1995, 250 maeh3d women) in a Swedish population
living near a Cd battery production facility in teeutheast of Sweden (Kalmar County). Based on
the distance between the dwelling place, and taesextent environmental monitoring data, it was
possible to identify groups with high (occupatignatoderate (living within a 2 km radius of the
point source), or low exposure (between 2 and 1pdswell as a control group with no exposure
(rest of the residents in the county). The incigdeotrenal replacement therapy (number of cases
per million person-years between 20 and 79 yeaas)higher in the exposed groups than in the
controls (201.4 versus 118.4 for genders cumuldfiechtel-Haenszel rate ratio, 1.8; 95% CI, 1.3-
2.3). The age and sex adjusted rate ratio increfasedl.4 in the low exposure group to 2.3 in the
high exposure group.
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4.3 Bone toxicity

In the EU RAR of Cd and CdO (ECB 2007) it was cadeld (based on previous extensive reviews)
that it is evident that bone tissue constitutesrget organ for the general and occupational
populations exposed to cadmium compounds. The thazas considered relatively well identified
both in experimental and epidemiological studidge Techanism is, however, not fully understood
and the types of bone lesions associated with aadrekposure are not clearly identified. The most
severe form of cadmium intoxication is Itai-itasdase, which comprises severe signs of
osteoporosis and osteomalacia associated with desedse in aged women.

According to a more recent risk assessment (Kerhl2@he data supporting an adverse effect of
the present exposure to cadmium in Sweden ongkefiosteoporosis have increased substantially
during the last few years. Only a couple of undemgred studies failed to show any association.
Irrespective of whether the studies employed ae#se in the bone mineral density, increased risk
of osteoporosis or increased risk of fracturessé¢hshanges seem to occur at very low urinary
cadmium concentrations. Both the new Swedish (Sd@)the new American (NHANES) studies
suggest that even a urinary concentration arounddlg creatinine is associated with increased
risk of osteoporosis and fractures. There are asing) data suggesting that the effect of cadmium
on bone is independent of kidney damage - and telza support that these effects occur even
before the kidney damage. Furthermore, the Swestighies showed very clear increased risk of
osteoporosis and fractures even among those whey smwoked. This finding suggests that dietary
cadmium alone contribute to the risk (Keml 2011g&ndm et al 2012).

Osteoporosis and fractures (Keml 2011)

Osteoporosis is characterized by low bone massracrdarchitectural deterioration of the

skeleton, leading to fragility and increased riskractures. The disease is silent until the first
fracture occurs. Common osteoporotic fracturedtarse at the hip, spine and forearm. These
fractures are a considerable public health proldausing a lot of suffering and a burden to society
in terms of cost, morbidity and mortality. Estabisl or suggested risk factors for osteoporosis and
fractures are female sex, old age, low body weiggutly menopause, family history of osteoporosis,
deficiency of Vitamin D and calcium, smoking, exaige consumption of alcohol, inactivity,

several medical disorders and certain drugs.

The prevalence of osteoporotic complications, fitggiractures, is particularly high in Sweden, as
in Norway and Iceland. Statistically, every othemaen and one out of four men in Sweden will
suffer from an osteoporotic fracture during thédetime. The incidence of hip fractures is more
than seven-fold higher in Northern Europe tharharest of Europe. In fact, it is higher in men in
Scandinavia than in women in Central Europe. Thsas(s) for the large age-standardized
geographical differences is still not known. It@ncluded that the differences cannot be explained
by differences in risk of slipping, low calcium akte, vitamin D deficiency or by inactivity. The
fracture incidence has increased substantiallyesine 1950ies. As the number of old and very old
people in the population increases, a further emxean the prevalence of fractures is to be exgdecte
Although several risk factors have been identifibey cannot fully explain the above mentioned
differences, suggesting that several unknown askofs or combinations of risk factors are
involved.

How to study effects on bone in humaFise most adverse endpoint with respect to effactsome

is a fracture. A study investigating the risk afdtures in relation to biomarkers of cadmium
exposure requires a large sample size in ordee tlequately powered. In these studies the risk is
calculated based on comparison of exposure in thvbsedeveloped a fracture and those who did
not. Bone mineral density (assessed by x-ray img)/gives an estimation of the status of the
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skeleton, but is not the only factor predicting tis& of fractures. The bone mineral density can be
expressed as it is — a continuous variable — arabgulation of T-score or Z-score. These two
scores are used to predict the risk of fractunescally. Biochemical markers of bone remodeling
are measured in serum or urine and give an indicatf the activity of the continuously ongoing
formation and degradation of bone tissue. Althotiggse markers may increase our understanding
of possible mechanisms involved and may also suppference with respect to causality, they
cannot independently be used as markers of an seleéect.

Fractures

Whereas several epidemiological studies have obdeam association between cadmium and bone
mineral density (for a review see Keml 2011), diely published studies have so far considered
fracture incidence — the most adverse endpoint repect to effects on bone.

CadmiBel: In their prospective cohort, including 506 subjetiie observed risk ratios associated
with doubled urinary cadmium concentrations were 1. B3I 1.16-2.57P = 0.007) for
fractures in women and 1.60 (95% CI 0.94-2F'2,0.08) for height loss in meB&imilar risk
estimates were observed if cadmium concentratiossil, leek and celergampled in the relevant
districts of residence were used as proxy of cadmexposurenstead of the urinary cadmium
concentration (In: Keml 2011).

OSCAR: Fracture incidence was also assessed retrospegativisle Swedish OSCAR study. For
fractures occurring after the age of 50 years §58, 32 forearm fractures), the fractbhezard

ratio, adjusted for sex and other relevant covesiancreased by 18% (95% L0-38%) per unit
urinary cadmium (1 nmol/mmol creatinine; 1d/g creatinine). Wheaubjects were grouped in
exposure categories, the hazard ratio reache®8% (CI 1.1-11) in the group of subjects with
urinary cadmium concentrations between 2 andwl/mmol creatinine and 8.8 (90% CI 2.6—-30) in
the group of subjects with urinacadmium concentrations greater than or equal tmdl//mmol
creatinine (mainly men)he relatively the high cadmium exposure in thiglgtcould be attributed
to theinclusion of workers occupationally exposed to casim Associations betwearadmium

and fracture risk were absent before the age gAB0én et al 2004).

Swedish Mammography Cohort: For any first fracture (n=395) the odds ratio (R 1.16 (95%
Cl, 0.89-1.50) comparing urinary Gd@.5ng/g creatinine with lower levels. Among never-snrske
the ORs (95% CIs) were 2.03 (1.33-3.09) for arst firacture, 2.06 (1.28-3.32) for first
osteoporotic fracture, 2.18 (1.20-3.94) for firittdl forearm fracture and 1.89 (1.25-2.85) for
multiple incident fractures (Engstrom et al 2011).

Cohort of Swedish Men: In a population-based prospective cohort studyene individual

cadmium intake was estimated using a food frequeguegtionnaire (average intake 19 ug Cd/day),
dietary cadmium was associated with a statisticdpificant 19 % higher rate of any fracture
comparing the highest Cd intake tertile with thedst tertile (Thomas et al 2011).
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5 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this dossier.

6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 CMR assessment

Cadmium (non-pyrophoric) is listed as Index nun8-002-00-0 and cadmium (pyrophoric) is
listed as Index number 048-011-00-X in Regulati&@) No 1272/2008 and classified in Annex VI,
part 3, Table 3.1 (list of harmonised classificatemd labelling of hazardous substances) as
carcinogen, Carc. 1B (H350: “May cause cancer”e Tarresponding classification in Annex VI,
part 3, Table 3.2 (list of harmonized classificatand labelling of hazardous substances from
Annex | of Council Directive 67/548/EEC) of Regudat (EC) No 1272/2008 is carcinogen, Carc.
Cat. 2, R45 (“May cause cancer”).

Therefore, this classification of cadmium in Regola (EC) No 1272/2008 shows that the
substance meets the criteria for classificatiooaasinogen in accordance with Article 57(a) of
REACH.

6.2 Substances of equivalent level of concern assessmen

According to REACH Article 57(f), substances foriatthere is scientific evidence of probable
serious effects to human health or the environmenich give rise to an equivalent level of
concern to CMR or PBT/vPvB substances and whichdamtified on a case-by-case basis, may be
included in Annex XIV in accordance with the progesllaid down in Article 58.

Cadmium has the ability to cause a large numbemxat effects as is evident from the harmonized
classification. It is thus clear that cadmium mayse many different serious health effects in
addition to the ability to cause cancer. Adverseat$ on multiple organs after repeated exposure to
cadmium, in particular okidney andbone, motivated the classification as STOT RE Catedory

and it is in particular effects on kidney and bdamat justify the equivalent level of concern.

A significant part of the European population idayp exposed to levels of cadmium that may cause
effects on kidney and bone. In non-smokers, foddesmain intake route and it is therefore
important to reduce all input of cadmium to foodistlihe input of cadmium to soil is dominated by
deposition from air, which therefore must be redij@nd in order to achieve this all uses of
cadmium and cadmium compounds should, whereveripesbe substituted.

Already 25 years ago it was acknowledged withintB&at cadmium exposure constitutes a problem
for human health and the environment and new astmuld be taken at Community level to
control and reduce cadmium pollution (see: The Curesolution of 25 January 1988 on a
Community action programme to combat environmepéltion by cadmium@fficial Journal C
030, 04/02/1988 P. 0001 — 0001y)ajor elements of the strategy for cadmium contrghe

interests of the protection of human health andcetheronment included for example:

« [imitation of the uses of cadmium to cases wher@aBle alternatives do not exist;
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» stimulation of research and development: - of stlliss and technological
derivatives, in particular, encouragement to thesttgment of further alternatives to
the use of cadmium in pigments, stabilizers antnga

» development of a strategy designed to reduce cadnmput in soil;

» combatting significant sources of airborne and watdution.

Cadmium is a toxic metal that ranks 7 on the USnkgdor Toxic Substances & Disease
Registry’s priority list of hazardous substances/wastdr.cadmiumc.gov), a prioritization of
substances based on a combination of their frequénxicity, and potential for human exposure.
As a pollutant of worldwide concern, cadmium hasrbeeviewed by the United Nations
Environment Program, and included on the list @mnoltal substances considered to be potentially
dangerous at the global level.

To assess whether a substance can be identifis¥ld€ based on REACH Article 57(f) the
hazardous properties of the substance, the patenpact on health and the potential impacts on
society as a whole have to be compared to thosetsfélicited by CMR (or PBT/VPVB)
substances. The following factors that are chariatitefor most of the CMRs have been taken into
account:

» Severity of health effects

* Irreversibility of health effects

* Delay of health effects

* Uncertainties on safe exposure

» Societal concern and impairment of quality of life

Severity of health effect

The severity of health effects due to exposureattindum is dependent on the concentration
attained in body tissues and organs. Kidney effiestge from indications of minor tubular and
glomerular dysfunction (measured by the presengeai€ins in the urine) to an increased risk of
end stage renal disease, which necessitates dialgatment for survival. The effects on bone range
from disturbances on bone tissue homeostasis t@ldmbne fractures, which especially for older
people are considered quite serious and can catertb a premature death. In a population-based
study in patients aged 65 or older the risk of @mldsxtin hip fracture patients was 3-fold higheath
in the general population and included every megarse of death (Panula et al 2011). The quality
of life for affected individuals is clearly impadédfor example after a hip fracture), but may also
have consequences for society as a whole if matiyiduals are affected. When comparing with
CMR substances, it should be acknowledged thatedfsots caused by these substances vary in
severity.

Irreversibility of health effects

According to the EU RAR (ECB 2007) some controvexsigts as to the reversibility of renal
effects of cadmium both in the general populatind i workers. The (ir)reversibility of tubular
proteinuria after reduction or cessation of expegiepends on the intensity of exposure and/or the
severity of the tubular damage. It was concludedl, s for inhalation exposure, incipient tubular
effects associated with low Cd exposure in the ggm®pulation are reversible if exposure is
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substantially decreased. Severe tubular damagea(yrieakage of the proteins RBP or 32M >
1,000-1,50Qug/g creatinine) is generally irreversible.

A longitudinal study on 74 inhabitants from a cadmipolluted area in Japan (Kido et al. 1988)
showed irreversible and even progression of reysfudiction 5 years after cessation of cadmium
exposure. Likewise, a study from China indicated the negative effects on bone still remains 10
years after the population abandoned ingestiomdimtum-polluted rice (Chen et al 2009).

The biological half-life of cadmium in humans igmemely long (estimated to be 10-30 years) and
the body burden of cadmium therefore increases)lgnaia accumulation in the kidney, during the
entire life span of an individual. All uses of cadm and its compounds, including when present as
a contaminant, contribute to this bioaccumulatmhumans, which starts already in early life.

Unless exposure is substantially decreased kidndyane effects therefore tend to be irreversible
due to the continued internal exposure from stosstinium. In that respect cadmium behaves in a
way that resembles substances that are persistéiti@accumulating in the environment.

Delay of health effects

The bioaccumulation over the life-time of an indwval also affects when effects appear; in most
instances the delay between first exposure andaagpee of effects is very long, i.e. decades.

Uncertainties on safe exposure

There is uncertainty about identifying safe expedavels for cadmium. Biomedical research on
cadmium is intense. A search of the literature tatse PubMed revealed 14 900 articles published
during the last 10 years and 8700 articles dutregdst 5 years. Consequently, new findings on
hazards and risks connected with cadmium and rtgpooinds continuously appear. As an example,
effects on bone tissue have recently been showrpaisure levels previously considered without
effects. Since what can be considered as a “sgfesexe level” is steadily decreasing,
precautionary community wide actions are warranted.

Further, it is not clear whether an effect on bhkitgey or carcinogenesis is the critical end-point
from a risk assessment point of view, although misktassessments concerning cadmium
exposure of the general population (for exampledieent report from EFSA (2012)) are based on
kidney effects. In the risk assessment for workgrSCOEL (2009), the proposed limit values are
also based on effects on the kidney and, to sonemg)oone tissue, representing the most sensitive
targets of cadmium toxicity after occupational esype. The suggested IOEL (in air) is considered
to be protective against long-term local effecgsgiratory effects including lung cancer). Whether
this value is also protective against cancer irotissues was not assessed. According to a paper
from the Austrian Workers’ Compensation Board (Rger 2011), the German Committee on
Hazardous Substances (AGS) has recently endoigad salue of 16 ng Cd/m3 based on the
acceptable cancer risk of 1 : 25,000, i.e. a vak@fold lower than the IOEL suggested by
SCOEL.
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Societal concern and impairment of quality of life

In particular the effects on bone tissue, with éased risk for bone fractures, are a considerable
public health problem causing a lot of sufferingl @aburden to society in terms of cost, morbidity
and mortality. Osteoporotic complications are maitéirly prevalent in northern Europe and,
statistically, every second woman in Sweden witfesufrom an osteoporotic fracture during her
lifetime. The incidence of hip fractures is moraritseven-fold higher in Northern Europe than in
the rest of Europe. The reason(s) for the largestedardized geographical differences is still not
known, but the differences cannot be explainedifigrénces in risk of slipping, low calcium
intake, vitamin D deficiency or by inactivity. Thecture incidence has increased substantially
since the 1950ies. As the number of old and vedypelbople in the population increases, a further
increase in the prevalence of fractures is to lpeeted.

According to a report published by the Swedish Gbal® Agency, the annual societal costs in
Sweden for cadmium in soil due to human activiigesstimated to approximately 4.2 billion SEK
(approx. 450 million Euros) (Keml 2012). This figus based on the estimation that 7 and 13 %, in
males and females respectively, of all fractureSweden are caused by cadmium exposure, mainly
via food, and include direct treatment and caréscius bone fractures (approx. 1.5 billion SEK), as
well as a valuation of the shortening of life tianed a decreased quality of life.

I n conclusion

Cadmium is considered to fulfil the criteria acdagdto Art. 57(f), i.e. there is scientific evidenc
of probable serious effects to human health whieh gse to “equivalent level of concern”, due to;

» the adverse effects on kidney and bones, effeatsitpending on dose may be serious and
even contribute to premature death,

» the continuous accumulation of cadmium in the bedych leads to continuous internal
exposure and in practice irreversible effects aubeerse effect levels are reached,

» the occurrence of adverse effects in a signifipant of the general population at present
exposure levels, which are primarily of anthropagemigin,

* uncertainties in deriving a safe exposure leved, an

» high societal costs in terms of health care andtshimg of life time and a decreased quality
of life.
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PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

INFORMATION ON MANUFACTURE, IMPORT/EXPORT AND USES —-CONCLUSIONS
ON EXPOSURE

Conclusions:
Based on the reported information below, the follmconclusions can be drawn:

- Occupational exposure occurs during several indlistnd professional use scenarios, such
as base metal productions, manufacturing of fatatcéerrous and non-ferrous products,
manufacturing of plastic products and personaltendehold services.

- The function of cadmium as corrosion inhibitor foetals is based on a sacrificial release.
Metals coated with cadmium are used in articlesctvlare widely used in the society and
will therefore cause uncontrolled releases to sumding environments. The application of
cadmium on the surface of an article will also leag@articulate releases due to wear.

- The recycling of batteries cannot fully excludeeeses of cadmium to the environment due
to losses of batteries to landfills and waste iation.

- Cadmium alloys which are widely used in articledl wiot fully be recycled and will
therefore end up in landfill and waste incineratiglants, which causes releases to the
environment.

- The general population is exposed to cadmium viad fand drinking water, smoking,
ingestion of soil and dust, and inhalation of ambgr. The sources for the contaminations
are both natural and anthropogenic.

7 MANUFACTURE, IMPORT AND EXPORT

7.1 Manufacturers of cadmium metal
Two production methods are described, the RLE nekémal the Pyro method:

- The RLE process: Industrial use of cadmium-beaswigtion which is electrolysed in order
to produce pure cadmium metal. The process isethout in a series of electrolytic cells,
with occasional controlled exposure.
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- The Pyro method: Cadmium bearing blend is heatmehé¢times under reduced pressure) in
order to volatilize and further condense pure caamimetal. The process is carried out in a
furnace and condensor, with occasional controligubsure.

7.2 Quantities manufactured, import and export

The total tonnage band according to the REACH tegien is 1 000 — 10 000 tonnes (17 February
2013). This is based on data from 22 registrams) fGermany, Norway, Italy, Belguim, Austria,
Poland, UK, Bulgaria, the Netherlands, Sweden, ¢gamd Luxembourg.

The annual world production of cadmium during 1990999 was 18 000 to 21 000 tonnes (Kirk-
Othmer 2004). Most of the world’s primary cadmiuretal was produced in Asia and the Pacific -
specifically China, Japan, and the Republic of Korfellowed by North America, Central Europe
and Eurasia, and Western Europe. Secondary cadmpraduction takes place mainly at Ni-Cd
battery recycling facilities (USGS 2012).

European countri@éscontributed to 9.3 % of world production in 20IEigure 1; Table 9). The
Netherland was the largest European producer atioguior 28 % of the EU production, followed
by Poland (22 %), Bulgaria (21 %), Germany (14 %y &Norway (14 %) (BGS 2012). The
production level was stable around 2000 tonnesapeum during 2006 to 2010 (Table 9). This
production level is within the “total tonnage bandgistered to ECHA (see above).

The historical growth in production volumes durititge years 1967 to 1982 was 0.6 %, and
increased between 1982 and 1995 to 0.8 % (Kirk-@th2904). The refined primary cadmium
production has shown decreases in recent yearsaasdary recycled cadmium production has
increased. Recycling of cadmium was estimated t80L%o of the total production, of which >11 %
origin are from Ni-Cd-batteries. This trend is exteel to increase in the future (Kirk-Othmer 2004).

Table 9: Primary production of cadmium in Europe 26 to 2010 (BGS 2012)

Country Unit 2006 | 2007 2008 2009 2010
The Netherlands tonnes 524 495 530 480 580
Poland tonnes 373 421 6083 534 451
Bulgaria tonnes| 320 318 376 413 440
Germany tonneg 490 473 420 250 300
Norway tonnes| 125 269 178§ 249 300
France tonnes 90 50 - - -
Total tonnes| 1900| 2000 2100 1900 2100

2 34 European countries: 27 EU countries (1 Feb08R0+ Norway, Switzerland, Croatia, Island, Macedpn
Montenegro, Turkey.
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Norway 14.5%

Rest of World 90.7%
Poland 21.8%

Netherghds 28.0%

EU34 9.3%

= Bulgaria 21.2%
Germany 14.5%

Figure 1: Production of cadmium in Europe 2010 (BG2012)

The cadmium metal trade in EU 2010 is dominatettddy (high export) and Belgium (high
import; Error! Reference source not found).

Table 10: European import and export of cadmium medl 2006 to 2010 (BGS 2012)

Country Unit 2006 2007 2008 2009 2010
Export

Italy | tonnes 1 796 16338 2030 3104

France| tonnes 798 815 890 1022 163

Norway | tonnes 1064 544 816 305 606

Germany| tonnes 287 216 523
Poland| tonnes 364 368 558 590 484

Bulgaria| tonnes 369 434 3714 569 474
Belgium | tonnes 2948 181 442 4%2 459
Netherlandg tonnes 90 205 259 211 329
Total | tonnes | >2984| >3343 525p 5485 6742

Import

Belgium | tonnes 3948 5038 5511 3439 6456
Sweden| tonnes 338 491 851 588 825

United Kingdom| tonnes 129 276 212 246 470
France| tonnes 52 771 645 455 212

Spain| tonnes 19 D 21 118 153
Netherlandg tonnes 113 437 186 50 102
Germany| tonnes [ 2P 53 11 18

Italy | tonnes 30 40 49 443 3
Greece| tonnes il n 18 39 1
Total | tonnes 5112 7076 7546 5389 8240

Cadmium use in batteries accounted for the majofithe global consumption. The volumes for
Ni-Cd batteries on the EU market reached a stabig in the late 1990’s of around 13 500
tonnes/year for consumer/sealed portable nicketoaa batteries and 3 500 to 4 000 tonnes/year
for the industrial nickel-cadmium battery markeetBeen 1996 and 1999 the portable Ni-Cd
battery market in the EU was around 13 000 -14t666es. In the EU RAR the maximum future
volume for portable batteries where assumed ta3le0D tonnes, and 3 600 tonnes for industrial
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batteries (ECB 2007). The volumes for industrialQ¥i batteries may increase in the future due to
new market opportunitiegUSGS 2012).

8 USES

8.1 General

The sources for cadmium are both mining and redyall®ys. Cadmium is transformed into plates,
powder and different alloy€fror! Reference source not found). Cadmium powder is used as a
raw material for production of battery electrodayys and metal coatings. The electrodes are used
in Ni-Cd and Ag-Zn batteries. For metal coating gwmvder can be used in both the mechanical
plating and the vacuum ion deposition processes. pllates are used for coating metals for anti-
corrosion and/or friction reduction purposes. ltaggplied by the mechanical plating technique.
Metal to be coated are iron, steel, aluminium aras® The alloys are used for joining, fusing and
to give special characteristics to a material.

Once cadmium metal is produced, it may be convddeah intermediate product in one country,
incorporated into different semi-products/artidiesanother country, and finally produced and sold
in an end-product/article in a third country. It tiserefore, difficult to establish a geographic
consumption pattern.

Nickel cadmium (Ni-Cd) batteries are the dominatmgl products in the world consumption of
cadmium, followed by minor uses for pigments, metaltings, stabilizers, alloys and solar cells
(Figure 2).

. I Batteries -P\gments _ICoatings Stabilizers I 4loys and Solar cells

Bl SRENE § i B

2005 2006 2007 2008 2009 2010

Figure 2: Trends in cadmium consumption patterns dang 2005 to 2010, in per cent of the
total consumption (ICdA 2013).

3 “Industrial-sized NiCd batteries could also be usedtore energy produced by certain on-grid systéos load
leveling, excess energy produced during periodswfdemand, such as night time, would be storedNiCd battery
and later released during periods of high electsiciemand, such as middagJSGS 2012).

27



ANNEX XV — IDENTIFICATION OF SVHC - CADMIUM

1,2
“““““““““““““ CADMIUM
\\\\\\\\\\\\\\\\\ METAL it inind
CADMIUM CADMIUM
PLATES POWDER
5
4,6
15
11 e . oo U pating 4 | emees
T ;o_lder_in_g T
! ring | 2/ Ny vacuumand |, f 1 eleciio
L _brazing ion deposition 1 | | pnlating
\ 4
Joining and Electrode

fusable alloys T in festance
(<99 weight%) . Sl Corrosion

- Electric m LIS Q855

- Electronic - Ni-Cd Catalysts

- Glass . - Ag-In,

- Joining metal | - Sacrificialanode (s 0.15) |- Aluminium biocides | Inorganic
(Al'mMg) - Sheets forcable (<0.075) | - Brass tubes stabilizer
Brazing alloys* | -Jetengine parts
(10-25% [<0.01%) | - Fire safety devises SEA e

18

Figure 3: Overview of the cadmium downstream used.he numbers refer to “exposure

scenarios” in the registration (see section 9.1 lmk/) (* is currently restricted under paragraph 8 of
Entry 23 of Annex XVII of REACH).

The highest concentrations of cadmium are used-@d\batteries and some alloys, up to 25%
(Error! Reference source not found). The concentrations in coatings are less thanQadmium
may occur as impurity in fertilizer, fossil fuegment and in different metals. The concentratiens a
impurities are normally in the range of 0.1 to $0rp For many literature data on impurities is it
unclear if it is in the form of metal.

Table 11: Concentration of different cadmium usegUS 2003, ICdA 2012b).

Product % Cd Use type Comment
Ni-Cd batteries 7-25% Intentional Cd, CdO, Cd(®H)
Cd pigments ~1% Intentional Cd(zn)S(Se)
Cd coatings ~0.2% Intentional Cd, CdO, Cd-Ti, Cd-Sn
Cd stabilizers ~1% Intentional Cd-laurate, Cd-sit=sar
Cd alloyset.al. 1-25% Intentional Cu-Cd, Ag-CdO
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8.2 End uses of cadmium metal (excluding the intermedta applications)

8.2.1 Use in Nickel-Cadmium batteries (ICdA 2012)

A number of types of Ni-Cd cell constructions aosgble. These variations in cell construction lie
mostly in the nature of the electrode supportsedi. For the positive electrode, three principal
types are recognized - pocket plate, sintered platefiber plated\Negative electrode designs make
use of an even broader range of materials includauiet plates, sintered nickel powder, fiber,
foam and plastic bonded suppottss the physical stability of the active materi@admium
hydroxide) in the negative electrode that permitshsa wide variety of support materials.

Nickel-cadmium batteries are characterized by tlesistance to electrical abuse, high cycle lives,
reliability and versatility and have found a widage of applicationg.he several types of cell
constructions are manufactured in a wide rangézef sapacity and shape and the choice of a
particular battery will depend upon the applicat@on its current load requirements. There are
principally two applications types, industrial goortable batteries.

e Industrial Ni-Cd batteries: Nickel-cadmium batteries for industrial uses @fréhe open or
semi-sealed type and may be of pocket plate, sithtglate or fiber structured construction.
Applications for industrial batteries include radlyuses such as locomotive starting,
emergency braking, coach lighting and air conditigntrackside power for signaling and
warning lights. Other uses include standby poweafarm systems, emergency lighting,
military communications, solar energy storage, gaton equipment, military equipment,
hospital operating theatres. Semi-sealed indudiatieries are used in aeronautical
applications where they are used to start engineéskso to provide stand-by power for
aircraft systems when the principal power sourds.fAfter long periods of operation most
vented or semi-sealed cells may require electrahaetenance by topping up with distilled
water.

» Portable Ni-Cd batteries Nickel-cadmium batteries for portable use aréhefsealed type
and are generally of sintered plate constructidreylmay be of cylindrical, button or
prismatic design. Sealed nickel-cadmium batteniesrause in consumer electronic
equipment such as cellular telephones, portabls,ttays, camcorders and other domestic
cordless appliances. They are also used for mebuaar-up in computing equipment,
military and civil communications, emergency ligtgiand many other similar applications.
Sealed cells require no maintenance and may bangeth up to 2000 times.

According to information from Industry, the follomg attributes are unique to industrial Ni-Cd
batteries:

e Superior reliability and ability to withstand mecieal and electrical abuse,

» Large operating temperature range,

» Excellent long service life (12 to 20 years), addqLcycling ability,

* Progressive aging, lends itself to accurate manigoiof aging. This makes predictive

maintenance the preferred maintenance strategysidtien death” syndrome,
e Low Cd metal content (8 to 10%) relative to thendtrd technology (Pb/acid with 70% Pb),
* Low CO2 footprint compared to the standard techgylo

These unique set of performance characteristiceeméks family of products the technology of
choice when the safety of large assets and/or huresngs is at stake. In such applications, Ni-Cd
batteries are entrusted with the function of prongdback-up power in case of a malfunction in the
power supply (often the electrical grid). This ifyindustrial Ni-Cd batteries are used in safety
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critical applications such as power back-up abaaohmercial aircrafts and high speed trains,
power back-up in networks equipment (i.e., telecoiihand gas, IT) and power back-up in several
highly critical industrial processes.

8.2.2 Cadmium coatings (ICdA 2012)

Cadmium coatings are applied to iron, steel, beass aluminium and give high resistance to
corrosion in most conditions and especially in marand alkaline environments, and reduce risks
of operating mechanisms being jammed by corrosabrid for many components in a wide range
of engineering applications throughout industry.

Cadmium coatings are particularly useful in theceieal, electronic, aerospace, mining, offshore,
automotive and defence industries where they apfiespto bolts and other fasteners, chassis,
connectors and other components industry.

Electroplating accounts for over 90% of all cadmiused in coatings but mechanical plating and
vacuum or ion deposition have some commercial Bogmce. The coating is normally specified in
thickness between 5 and 25 um depending on theitgeokthe atmosphere industry.

There are principally three coating methods, etgdaiting, mechanical plating and vacuum and ion
deposition:

e Electroplating: Cadmium is electrodeposited on the metal artfoten an electrolyte
solution of cadmium salts in barrels or vats. Theleetrolyte solutions are nearly always
based on the alkaline cyanide system. Other soluyipes are used, such as those based on
fluoroborates, but these have not proved populéne@slack the combination of brightness,
covering power, throwing power and wide operatiragameters of the alkaline cyanide
system. When a current is passed through the elgety cadmium is electrodeposited on
the metal article at the cathode and cadmium froenanode goes into solution. Large or
delicate articles are attached to racks and vaeglhahilst small components, such as bolts,
washers, nuts, springs and clips can be vat-pletedtum cages or plated in a rotating
barrel.

e Mechanical plating: This process uses mechanical energy to depodal meatings on
small components by the impact of glass beadseEdadmium or mixed-metal coatings of
cadmium-tin or cadmium-zinc can be applied whersglaeads, proprietary chemicals,
water and metal powder are tumbled with the comptsni@ a rotating barrel. The process is
suited to components such as fasteners and clipshvaine small enough to be plated in a
barrel.

e Vacuum and ion deposition Conventional thermal vapour deposition involvesiting of
cadmium in a vacuum until it vaporizes. Cadmiunmadhen condense on the substrate to
form a thin high quality coating of cadmium. lonpdsition is said to give improved coating
adhesion, density and uniformity. Components sushu@dercarriage legs of transport
aircraft, helicopter rotor parts and other highesgth steel components have been coated
using this method.
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8.2.3 Cadmium in alloys (ICdA 2012)

Cadmium forms many binary and more complex alloysctv have useful properties for many
commercial applications.

Most commercial alloys containing cadmium fall imted major groups:

Cadmium_improves some feature of the alloy
Cadmium_lowers the melting point of the alloy (mygifor joining)

Alloys with special features(ICdA 2012)

Copper-cadmium alloys, which have almost double riechanical strength and wear
resistance of pure copper, contain between 0.8.2861cadmium. Major uses include

telephone drop wires, contact wire and catenagndtfor railway overhead electrification,

tinsel conductor for flexible telephone cords, sglecables for military and aerospace uses
and electrical components such as contact strippp€-cadmium alloys can withstand

service temperatures as high as 150°C; as a rémjtare used in both domestic and
automotive radiators and fittings.

A zinc alloy containing 0.1% cadmium improves theamanical properties of rolled, drawn
or extruded zinc. Zinc alloys containing cadmiunthe range 0.025 to 0.15% are used as
sacrificial anodes in the corrosion protectiontofictural steelwork immersed in seawater.

Lead alloys with up to 0.075% cadmium are sometiosesl as sheaths for cables subject to
cyclic stress.

Tin-based white metal bearing alloys with up to t&lmium have improved tensile and
fatigue strength for use in marine engines andogeas.

Precious metal alloys for jewellery incorporate roagn for improved hardness and
strength. Levels of up to 5% cadmium in gold-sieepper alloys make Greek gold, a
greenish-tinged gold (this use is partly restriacteREACH, Annex XVII, entry 23).

Silver electric contacts incorporating 10 to 15&lmium are useful in many heavy duty
electrical applications such as relays, switches$ thermostats. The presence of cadmium
improves resistance to material transfer and etegtosion.

Silver-indium-cadmium alloys are used in contrallsdor some pressurised water reactors
in nuclear power generation. These rods absorbnieeé&rons and so control the process. In
other nuclear engineering applications, cadmiumatrgdteet is used for shielding by similar
neutron absorption.

Joining and fusible alloys(ICdA 2012)

Intermediate temperature soldering alloys and cadalloyed with silver, zinc and/or tin
are often used in applications where temperatunsitbaty prohibits the use of silver
solders with higher tensile strength. Zinc-cadmaitlays are useful for soldering aluminium
whilst cadmium-zinc-tin alloys are used for soldgrmagnesium.
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8.3

Cadmium as a component in quaternary silver-braallays (lower temperature range of
brazing alloys, together with silver, copper anatcyi

Fusible alloys: Low temperature fusible alloys @ming cadmium employ their low
melting points and rapid fusing or solidifying cheteristics in a variety of uses. Heat
sensitive fusible links in fire safety devices oitn& and ovens can activate control
mechanisms when they melt at specific temperat\vesmds metal in water sprinkler valves
automatically activates the water supply as it saelt

Proof castings in these alloys can be made fromdwplastic or plaster foundry patterns for
short run dies for sheet metal and thermoplastics.

The alloys are used to firmly mount glass lensesndugrinding operations. Metal
fabrication operations on complex or delicate asdiem are also easy when they are
encased in a supporting jacket of metal. This teglenalso produces wrinkle-free bends in
pipes and tubes. Similarly, jet engine turbine bfadnd vanes are machined whilst held by
such low melting point alloys.

Identified uses in the EU (ECHA, 2012)

The registration of cadmium includes the followurgps:
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Cadmium metal production - RLE

Cadmium metal production by pyrometallurgy
Production of chemicals (pyro)

Production of chemicals (hydro)

Storage of ingots-slabs in warehouses

Additive for production of inorganic catalysts

Melting, alloying and casting

Cadmium casting and rolling

Wire and rods manufacturing

Component for brazing products

Downstream use of Cadmium based brazing produase(aetails in ECHA 2012b).
Cadmium (alloyed) powder manufacturing

Use of fine powders for mechanical plating
Manufacturing of Cadmium containing-alloys

Use of cadmium in Ag alloys

Electroplating

Production of "targets" by EBPVD

Component for soldering products

Downstream use of cadmium-based soldering products
Powders for contact materials

Use of active powders for batteries

PVD / coating

Intermediate for alloys

Downstream use of cadmium based brazing products
Downstream use of cadmium-based soldering products
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8.4 Volumes

The total international cadmium consumption is duated by the production of Ni-Cd batteries
(Error! Reference source not found). Japan is the largest producer of raw materialNeCd-
batteries in the world (Kirl-Othmer 2004). Otheterant uses are as pigments and anti-corrosion
coatings of metals. A quantification of the cadmiflow in EU* has been made by Lig & Held
(2009).

The volume for brazing alloys, for both professicarad consumer uses, was estimated to be 22 to
35 tonnes 2010 (ECHA 2012b). This amount can be&ry to fall due to the REACH Annex

XVII restriction on cadmium in brazing fillers whientered into force in January 2012 (ECHA
2012b).

Cadmium use is concentrated to industrialized a@swith six countries accounting for 85 % of
the world consumption. Japan is the leading consuimiéwed by Belgium and the United States.
In year 2000, an estimated 13 % of cadmium consiompt the United States came from recycled
batteries and materials. However, cadmium usageweloped countries has declined in recent
years owing to its toxicity (Klimasauskas 2005).

The final effect of the REACH and others legislaicon global cadmium consumption has yet to
be seen. If recent legislation involving cadmiurardatically reduces long-term demand, a situation
could arise, similar to what has recently been sadnmercury, where an accumulating oversupply
of by-product will need to be permanently stockpi{fe)SGS 2012).

Ni-Cd-batteries may be used in electric vehicleghrial electric vehicles and electric buses.
However, how this usage would influence the cadmwalames is unclear since future applications
are expected to be recycled. An example of a netgntial use is combinations of cadmium,
calcium, copper, selenium, strontium, sulphur, aindhat can be used as substitutes for hardening
lead (USGS 2012).

8.5 Recycling

In the U.S., cadmium is mainly recovered from usedsumer and industrial Ni-Cd batteries.
Cadmium can also be recovered from copper-cadmlloy scrap, some complex nonferrous alloy
scrap, and cadmium-containing dust from electricfamaces (EAF) (USGS 2012).

There are recycling systems established for usgehcadmium batteries. Today, there are 9 major
Ni-Cd battery recycling plants located in the Uditgtates, Europe and Japan capable of recycling
approximately 20 000 tonnes of industrial and comsuNi-Cd batteries and their manufacturing
scraps (ICdA 2012).

Also the plastic industry has undertaken researatetermine the feasibility of recycling cadmium
pigments and stabilizers from plastics (Kirk-Othr2aé0n4).

4 The 27 EU member states.

33



ANNEX XV — IDENTIFICATION OF SVHC - CADMIUM

8.6 Functions of the substance according to its propegs; mechanisms of action

8.6.1 Ni-Cd batteries (ICdA 2012)

Cadmium is incorporated as an active electrodenmbte a number of rechargeable alkaline
batteries or cells. The nickel-cadmium cell, withaassium hydroxide (alkaline) electrolyte, is the
most important and best known application. At tegative electrode (cathode) cadmium oxidizes
to cadmium hydroxide whilst the nickel compounds rduced to nickel hydroxide at the positive
electrode (anode) according to the following reacti

2 Ni(OH), + Cd(OH) < charge / discharge 2 NiO(OH) + Cd + 2 KD

8.6.2 Surface coating (ICdA 2012)

Cadmium, like zinc, also provides sacrificial piten to a substrate such as steel by being
preferentially corroded when the coating is damaagetismall areas of the substrate are exposed. In
addition to corrosion protection, cadmium coatipgsvide a low coefficient of friction and

therefore good lubricity, predictable torque chégstics, good electrical conductivity, protection
from galvanic corrosion (in particular when in cacttwith aluminum), and easy solderability.

8.6.3 Alloys (ICdA 2012)

Copper-cadmium alloys contain 0.8 to 1.2 % cadmiana, have almost double the mechanical
strength and wear resistance compared with puneetoginc containing 0.1% cadmium improves
the mechanical properties of rolled, drawn or ed@dizinc. Lead alloys with up to 0.075 %
cadmium are sometimes used as sheaths for calliegisio cyclic stress. Silver-indium-cadmium
alloys absorb free neutrons and are therefore tgsedntrol the nuclear reactions in nuclear power
stations. Rods of the silver-indium-cadmium alltwgarb free neutrons and are used to control the
process. In other nuclear engineering applicatiocadmium metal sheet is used for shielding by
similar neutron absorption.

8.6.4 Joining and fusible alloys (ICdA 2012)

Low temperature fusible alloys containing cadmiumnpiy their low melting points<(47 °C) and
rapid fusing or solidifying characteristics in aiedy of uses (e.g. for soldering aluminum and
magnesium).

The main uses of brazing alloys were professiondliadustrial ones, such as tooling, heat
exchangers, refrigeration, plumbing and electreoathponents. These uses were more widespread
in southern European countries such as Francen gy and Portugal (ECHA 2012b).
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9 EXPOSURE

Human exposure for cadmium can potentially occuinduthe whole life-cycle of the substance.
Industrial and professional workers will be exposkaling several scenarios where cadmium is
produced, used, recycled and managed as waste.

Exposure of man via the environment occurs as altred emissions from industrial and
professional processes, and diffuse releases frowat@ use of goods. Exposure from natural
sources of cadmium needs also to be consideredslama large variation due the local/regional
ground conditions. The most important sources dfrtam exposure for the general population are:
(i) food and drinking water contaminated from diéfet diffuse releases; (ii) smoking; (iii) soil and
dust ingestion, and inhalation of ambient air. \tagans, children, smokers and people living in
highly contaminated areas are identified to haeehilghest potential exposure.

In nonsmokers, not occupationally exposed to cadmifood is the primary exposure source.
Cadmium in food mainly originates from uptake fréme agricultural soil. The soil is contaminated
via the atmosphere from industrial releases andocstion of fossil fuel. Also end use of cadmium
containing products will contribute to the soil tamination.

From a regulatory point of view the origin of théferent cadmium exposures can be divided into
three categories:

1. AnthropogenicDeliberate use of cadmiumas such or in mixtures or articles, for example
in NiCd batteries and as anticorrosion agent foraleeExposure of workers and also the
general population via the environment,

2. Anthropogenic: Exposure fromse of substances/mixtures/articlesontaining cadmium as
animpurity , such as phosphorous fertilizer, sewage sludgejual in zinc and fossil fuel.
Mainly exposure of the general population via theinment.

3. Natural:Natural occurring cadmium releases from minerals in soil/sediments. Exposure
of the general population.

9.1 Releases and exposure during industrial and profegsal uses (“Exposure scenarios”)

The following general exposure scenarios were daemed relevant by ICdA (ICdA 2012). The
exposure scenario numbers are showrinor! Reference source not found.

1. Cadmium metal production (RLE): Industrial usecaflmium-bearing solution [SU 3, 8,
14] which is electrolyzed in order to produce peaedmium metal [PC 7]. The process is
carried out in a series of electrolytic-cells, wittcasional controlled exposure [PROC 2, 5,
8b, 9, 22, 26], [ERC 1, 2].

2. Cadmium metal production (pyro): Cadmium bearitemnt is heated (sometimes under
reduced pressure) [SU 3, 8, 14] in order to vatatiand further condense pure cadmium
metal [PC7]. The process is carried out in a fueraed condensor, with occasional
controlled exposure [PROC 2, 3, 4, 5, 22, 25, FEHRC 1, 2].

3. Storage ingots-slabs in warehouses: Cadmium sttibks and balls [PC 7] are traded on an
international scale [SU 3, 14]. Intermediate steragcurs [PROC 3, 26] at centralized
warehouses [ERC 10a, 11a].
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. Production of chemicals (Pyro): Industrial us€Caldmium metal [SU 3, 8, 9, 10], primary
or recycled, in the manufacture of cadmium oxide/ger [PC 19, 20, 21] by the indirect
process (vaporisation Cd° + oxidization to CdO) (RR2, 3, 22] and packaging [PROC 8,
9, 26], [ERC 1].

. Production of chemicals (Hydro): Industrial usecaflmium metal [SU 3, 8, 9, 10], primary
or recycled, in the manufacture of other inorgar@dmium-substances [PC 19, PC 20 or PC
21], [PROC 2, 3, 8b, 15] through several proces$esy hydro-, pyro-, electrolytic-, with
potentially drying and packaging [PROC 9, 26], [ER|IC

. Additive for production of inorganic catalysts:dimstrial use of Cd metal [SU 3, 8, 9, 10]
for the production of catalysts [PC 2, 7, 9b, 1®,40]. Cadmium / CdO are constituents of
many types of catalysts: it is present for its lgdiaactivity, and its ability to absorb
catalyst poisons (a.o0. S and CI) [ERC 1, 4, 5664,

. Melting, alloying & casting: Industrial use of gadim cathodes or slabs, primary or
secondary [SU 3, 14 / PC 7]; they are melted, pbssiloyed (Al, Cu, Ni, Mg) and cast in
required formats [PROC 2, 3, 8b, 22], [ERC 1, 2].

. Production of "targets": Industrial use of cadmicathodes, sticks or slabs [SU 3, 10, 14/
PC 7]; they are melted, possibly alloyed (Ag, ...0l @ast in the required article format of
"targets"” for PVD / EBPVD or other sputtering tecjues [PROC 2, 3, 5, 8b, 9, 15, 22],
[ERC 1, 2, 4].

. Cadmium sheet casting & rolling: Industrial usecafimium cathodes or slabs [SU 3, 14,
15], pure or alloyed, [PC7] by the casting andimgllprocess [PROC 23] to fabricate sheets
and coils [AC 2, 3, 7], [ERC 2, 5].

10.Wire & rods: Cadmium metal sheet [SU 3, 14, 15\isher industrially processed [PROC

6, 21, 24] to wire format [SU 0 (Nace 25.9.3)], [ER, 5].

11.Component for welding / brazing / soldering produdindustrial use of cadmium metal

containing wire/rod [SU 3, 14, 15, 0 (Nace 25.9.B)is prepared according specifications
for use [PROC 5, 22] as brazing, soldering compb[fe@ 7, 38], [ERC 2, 5].

12.DU of Cd-based brazing / soldering products: Rsifenal use [SU 14, 15, 18, 19, 22,0

(Nace 25.9.3)] of cadmium-based wires and rodsyeatl or not, [PC 7, 38] for use as
brazing and soldering sticks [PROC 21, 25], [ERQ@, 11a]. The main uses of brazing
alloys are professional and industrial uses, ssdo@ing, heat exchangers, refrigeration,
plumbing and electrical components (ECHA 2012b).

13.Cadmium (alloyed) powder manufacturing: Industusé [SU 3, 9, 14] of cadmium, pure

or alloyed, in the production of cadmium powdertd&@ 7, 14] by different metallurgical
techniques [PROC 3, 8b, 9, 27a, 27b]. Main appbaoatof the product are batteries,
electronics, corrosion protection ...[ERC 1, 2].

14.Powders for electrical contacts: Industrial uSRQrC 5, 7, 8b, 13, 15] of cadmium powders

[SU 3, 9, 14, 16, 0 (Nace C27.2)], pure or sliglatipyed [PC 7]; they are mechanically
plated for assuring electrical contacts [ERC 4, 5].
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15. Active powders for batteries: Industrial use [PR&®f cadmium powders [SU 3, 9, 14,
16, 0 (Nace C27.2)], pure or slightly alloyed (Bb,In, Mn, ...), passivated or not [PC 7];
they are mixed with appropriate electrolyte anddsdctive components of batteries.[ERC
3, 5].

16.Fine powders for mechanical plating: Industriadl @nofessional use [SU 3, 14, 15, 0 (Nace
C25.6.1)] of cadmium powder, pure or slightly altdy passivated or not, for mechanical
coating (sherardizing) [PC 7, 14] of steel artidl&€ 1, 2, 7] in closed bins [PROC 3, 8b ,9
, 24], [ERC 2, 5].

17.Manufacturing of cadmium containing Ag-alloys: usdrial use [SU 3, 10, 14] of cadmium
as minor alloying element in metallic matrices (Alfor the production of several alloys
[PC 7], by melting and mixing at elevated tempe&{ROC 2, 9, 22]. The alloy is used
for a variety of metal products [AC 7] [ERC 1, 2,5

18.DU of cadmium containing Ag-alloys: Industrial y&tJ 3, 14, 15, 0 (Nace C24.5.3)] of
cadmium containing Al-alloy slabs and ingots [PMyltransformation processes (PROC 6,
8, 14, 22, 25, 26) to fabricate cast pieces andest(AC 1, 2, 3, 7), [ERC 3, 5].

19.Electroplating: Industrial use [SU 3, 15, 0 (N&25.6.1)] of cadmium which is deposited
[PC 7, 14] from a Cadmium-rich solution as a metabating for corrosion inhibition
[PROC 3, 8b, 9, 13, 21] during a batch electrocleahprocess [ERC 2, 5].

20.PVD / coating: Industrial use of cadmium-basedg#ts” [SU 3, 15, 0 (Nace C25.6.1)] for
coating various substrates by PVD / EBPVD or oprttering techniques [PROC 1, 2],
[EC 1, 2, 4].

9.2 Releases during the service life

Release of cadmium during service life from antliggmic sources includes products and materials
to which cadmium has deliberately been added toaitnp specific chemical, mechanical or
physical property and products or materials in Whsadmium is naturally present as a residual or
impurity element. In general, the cadmium contenptioducts or materials in which cadmium is
present as a deliberate additive is greater thanleiels in the products or materials in which
cadmium is present as a residual or unintentionplrity (ICdA 2012b).

The emission rates from coatings during normaliserife of 10-25 years are estimated to be 50%
(Morrow 1996 in ICdA 2012b). 25% of coating is ldssed on abrasive mechanisms (WS Atkins
1998 in ICdA 2012b). There are different cadmiumatows usages in different geographical areas
(ICdA 2012Db).

Cadmium can be released frauatomotive applications such as steering colummksdask brake
parts due to abrasive conditions. Cadmium may bésaised as protective coatings on fasteners.
Some of the fastener applications would be subjecabrasion, but only on a limited basis.
Fasteners might be torqued to a certain applied leeel, but during their useful service life only
disassembled and reassembled a few times. In toeafdiapplications area, landing gear are
frequently subjected to abrasion conditions andeavi cadmium coating is utilized for this
application to ensure that landing gear always taysafely raised and lowered during aircraft
operation. Ammunition applications also result lmasion and wear as well as railroad applications
(ICdA 2012).
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9.3 Releases during the waste life stage

The Ni-Cd battery recycling system will not colld€i0% of the batteries on the market. It can be
expected that Ni-Cd batteries (mainly portablegdme extent end up in landfills or are incinerated
which cause releases of cadmium into the environifi€dA 2012b).

94 Release from natural sources

Cadmium is a naturally occurring metallic elememte of the components of the earth’s crust and
present everywhere in our environment. Cadmium goms to the environment may therefore arise
from both natural and anthropogenic or man-madecssuEstimates of the proportion of total
cadmium emissions due to natural sources have dadng® 10% to 50%. Some of these natural
emission sources include weathering and erosigant rocks, volcanic activity and forest fires
(ICdA 2012b).

Natural cadmium will also indirectly causes releasga anthropogenic uses of a wide range of
materials for industrial ancbnsumer purposes. Cadmium is sometimes foundym hi
concentrations in phosphdegtilizers (marine phosphates and phosphorites). It hashalen
reported at fairly low levels imon andsteelbecause all of the raw materials (iron ore, linest
coke and scrap steel) utilized to make iron anell stgually contain residual amounts of cadmium.
Virtually all fossil fuelscontain various levels of cadmium depending oir gpecific type, and are
a significant contributor to cadmium air pollutiemce they all must be combusted to be utilized.
The raw materials employed to prodwsanentandconcretealso contain residual amounts of
cadmium and are a contributor to total cadmium remvhental emissions. Cadmium is present as a
residual element iainc, lead andcopper ores. However, cadmium is normally removed as-a by
product during the smelting and refining procedsethese metals and converted directly to
cadmium metal for sale on the market. It is notegalhy left in zinc, lead or copper metals and
alloys unless deliberately, in order to achievengprovement in some mechanical, chemical or
physical property. The tendency, in fact, in reqgezdrs has been to produce these nonferrous
metals, their alloys and their compounds with loaed lower residual cadmium levels.
Furthermore, deliberate cadmium additions to e or copper alloys are generally low (<1%),
and even in these cases they are seldom utilizemtdwospheric exposure applications. Residual or
unintentional cadmium levels in various productsnaterials are summarized in Table 12 (ICdA
2012b). Corrosion of cadmium from unintentional umpes in metallic materials such as irons and
steels and nonferrous metals is expected to beragty low and not to contribute significantly to
overall cadmium releases due to corrosion. Thegpieesof cadmium in and its emission into the
environment from fossil fuels, cement manufacturevear, and fertilizers do not arise from
corrosion processes but represents chemical digsolor wear/erosion processes rather than
electrochemical corrosion processes (ICdA 2012b).

Table 12: Concentration of cadmium as impurities indifferent types of products/materials
(ICdA 2012b).

Product % Cd
Phosphate fertilizers 3 —-90 ppm
Fossil fuels 0.1-1.5ppm
Cement 2.0 -2.5 ppm
Iron and steel 0.1 -5.5 ppm
Nonferrous metals 1 -50 ppm
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9.5

General population - current exposure

The general population is exposed to cadmium priynaia food intake, but also via smoking, soll
and dust ingestion, inhalation of ambient air andkihg water.

Three large and fairly recent studies were usetisiaglay the “current” urinary cadmium
concentrations in the Swedish population (Keml 30fdk a summary see Table 13.

The National Swedish health-related environmentaitoring program (SEM), financed by
the Swedish Environment Protection Agency, coottém#ongitudinal monitoring of
cadmium concentrations in uringg{g creatinine), representing long-term exposwe, f
younger (20-29 years of age) and middle aged (5¢ea8s) women in four geographical
regions in Sweden. The urine sampling circulategdngraphical area every second year.
Results are available for the period of 2002-20@8 @ time points for most areas
(http://www.imm.ki.se/Datavard/Tidsserier/Cadmiun@is®620urine.htm).

In total, 1458 women (n=669 women 20-29 years, 8=¥dmen 50-59 years of age) are
sampled.

The Women'’s Health in the Lund Area Study (WHILArIuded women, aged 54 to 63
years, living in a rural area in Southern Swedeith(wo known industrial cadmium
emission). During 1999, 820 women were recruitddqparticipation rate). Cadmium was
assessed in both blood (median, Qu88.) and urine (median 0.5&)/L; density adjusted =
0.67ug/g creatinine).

Data from the Swedish Mammography Cohort (SMC).imu2003 to 2009, 2831 women
in the town of Uppsala, 56-69 years of age hadesrsamples determined for cadmium.

Table 13: Summary of the urinary concentrations obsrved in three Swedish population-
based studies.

Age Urinary cadmium pg'y creafinine
(years) Median and (range) % =0 Sugy %=1.0 ug's
Al Hever-smokers All / Never-smokers

SEM 20-20 012 (0.01-0.68) 0.10(0.02-0.68)

50-59 029 (0.04-2.7) 024000414y 207 4 1.8 / 03
WHILA | 53-64 0,67 (0.13-3.6) 0.56(0.13-3.2) 70/ 32 20/ 6
SMC 56-69 035 (0.05-2.4) 029(005-1.3) 23/ @ 200102

SEM; The MNational Swedich bealth-related environmental momtorme program, WHILA; Women’s Helath
1 the Lund Area, SMC; The Swedizh Mammography Cohort:
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Proportion of the population with urinary cadmium above 0.5 and 1.0 #g/g creatinine

Women in the age group 50-69 years were also usedaluate the proportion of women having
urinary cadmium levels above the two predefinedftsiof 0.5 and 1.Qug/g creatinine. In these
studies, 20%, 70% and 23% of all the women (4%, 32%6% in never-smokers) had urinary
cadmium concentrations above Qg/g creatinine, respectively. The correspondingpproons for
urinary cadmium concentrations above [glg creatinine were 1.8%, 20% and 2%, respectively
(0.3%, 6% and 0.2% in never-smokers). Differenadws/ben studies may indicate higher exposure
in Southern Sweden, but comparability of measureésn@ay contribute.

Cadmium exposure over time

Based on a Swedish study on kidney biopsies (froffdRassessing cadmium content in the
kidneys of 109 living donors (aged 24-70 years; iare81 years), the kidney cadmium
concentrations were compared to results from ssydlidlished starting in the 1970. Two earlier
Swedish studies assessed kidney-cadmium in dispasgde at autopsy. When comparing kidney
cadmium concentrations in never-smokers in thismestudy the levels were similar to or only
marginally lower than those from the 1970s.

The reported concentrations in the National Swelesith-related environmental monitoring
program for 2002-2009 may indicate a slight de@e@asirinary cadmium with time in south-
western and northern Sweden (&gmr! Reference source not found). However, there has been

a change in analytical instrumentation and the aatglity is still under investigation. In the
northern area, blood cadmium concentrations 19%9® 5&owed no changes over time. In
Stockholm, where the samples have been analyzédhdtsame method and instrumentation, there
IS no apparent decrease over time. If anythingeth®y be a slight increase in the younger age
group. This longitudinal series of monitoring datso seems to indicate that there is a geographical
variation in urinary cadmium concentrations witlvé values in northern Sweden and higher in
the south. This will be further evaluated in theufe.
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Figure 4: Urinary cadmium (pg/g creatinine) among Swedish woman, 20-29 yearschB0-59 years of
age, presented as the median.

In summary, the comprehensive data base on cadexposure based on biomarkers of exposure
and measured dietary intake in Sweden shows neasein cadmium exposure over time during
the last 2-3 decades in Sweden.
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9.6 Worker exposure to cadmium

The main route of cadmium exposure in the occupatisetting is via the respiratory tract,

although there may be incidental ingestion of diush contaminated hands, and food. Occupations
in which the highest potential exposures occumidelcadmium production and refining, Ni—Cd
battery manufacture, cadmium pigment manufactudef@mulation, cadmium alloy production,
mechanical plating, zinc smelting, brazing withlees—cadmium-silver alloy solder, and
polyvinylchloride compounding. Although levels vamdely among the different industries,
occupational exposures generally have decreased tia 1970s (IARC 2012).

Estimates of the number of workers potentially esqubto cadmium and cadmium compounds have
been developed by CAREX in Europe. Based on ocougtexposure to known and suspected
carcinogens collected during 1990-93, the CAREXRCi#sogen EXposure) database estimates
that 207 350 workers were exposed to cadmium aghchicen compounds in the European Union,
with over 50% of workers employed in the constretin = 32 113), manufacture of fabricated
metal productsn= 23 541), non-ferrous base metal industrres 22 290), manufacture of plastic
products not elsewhere classified«16 493), personal and household servioes 15 004), and
manufacture of machinery except electriced(13 266) (IARC 2012).

CAREX Canada estimates that 35 000 Canadians (8@fsimare exposed to cadmium in their
workplaces. The largest exposed group are workepsliyvinyl chloride plastic product
manufacturingrf = 12 000), who are exposed to cadmium bearinglstats. Other industries in
which exposure occurs include: foundries, commeeeid industrial machinery manufacturing,
motor vehicle parts manufacture, architectural stngctural metal manufacturing, non-ferrous
metal (except aluminum) production and processmgalworking machinery manufacturing, iron
and steel mills and ferro-alloy manufacturing, alwmand aluminum production and processing,
and other electrical equipment and component matwi (IARC 2012).

In the registration dossier of the lead registraxposure assessments of the various work tasks
involving cadmium are mainly from the EU RAR (ECB®). In addition, a few recent air
measurements and urinary concentrations of expweekkrs are given.

9.7 Consumer exposure

According to the EU RAR, the consumer uses of cadnmoxide and metal fall into five categories
corresponding to at least 5 scenarios of exposiicdve electrode material in nickel-cadmium
batteries; Pigments used mainly in plastics, glaasel ceramics, enamels and artists’ paints; Use of
cadmium as stabilizers for plastics or polymersidViplating (steel and some non-ferrous metals);
Component of alloy. In the lead registration dassie consumer use is given and therefore also no
exposure assessments. It is, however, mentiongdotteanew use (small in quantity) has been
emerging: i.e. the use of cadmium substances inptleeluction of photovoltaic cells. This
application does not result in any direct consuexgrosure.

The recent revision of Entry 23 in Annex XVII indes several new restrictions that will decrease
the risk for consumers. However, given the widegeaof potential uses of cadmium it cannot be
completely ruled out that some consumer exposora firticles containing cadmium may still take

place.
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10 ALTERNATIVES

10.1 Battery

The information below has been obtained from thtebaindustry:

Pb/acid batteries. The Pb/acid technology fulfils approximately 90#®@%®f the industrial storage
market needs. However the relatively short senlifee (3 to 5 years), the limited ability to
withstand harsh temperature conditions and therdifft aging behaviour of lead (Pb/acid) batteries
(sudden death syndrome) do not match the perforenahdndustrial Ni-Cd batteries. They are
therefore widely used as stationary and motive pdageries when reliability expectations are less
severe and are usually selected due to price cenagion when their performance is deemed
sufficient. The ability of the Pb/acid technology replace industrial Ni-Cd batteries is therefore
considered quite limited.

Li-ion batteries: The set of characteristics of Li-ion batteries tie&ato Ni-Cd batteries are their
high energy and power (volumetric and weight) dgmsis well as superior ability to cycle many
thousands of times. These advantages come withch fmgher price tag (2 to 3 times that of Ni-
Cd) and such batteries need to be driven and nreditwith advanced electronics, as they do not
have the same intrinsic stability and ability tahstand abuse as industrial Ni-Cd batteries. These
batteries have a good fit for cycling applicatioespecially when weight limitations are important,
volumes are high, and the intrinsic price differer this technology along with the cost of the
required battery management system can be justifieey are not a good candidate for industrial
floating uses.

Ni/MH batteries. This chemistry has not been able to show cleagfiisrior the industrial market.

Na-S batteries: Sodium-sulphur batteries have a high energy (butdower) density making them
suitable for some grid storage uses (e.g. linkedvitad and solar power) as well as some other
stationary applications where cycling is neededs Téchnology is mainly found in Japan where it
fulfils a niche of the stationary market. Use ihat fields has been explored, but there is very
limited potential for this technology. Indeed thare several technical issues to be solved as these
batteries operate at high temperatures (requiriigybinsulation) and the corrosive nature of the
sodium polysulfide gives rise to limited shelf lif@urrently production has been stopped due to fire
incidents, pending resolution. Thus, this technglmgfocusing on grid related stationary uses and
holds no potential to replace mission critical powack-up uses.

10.2  Metal coating

Except where the surface characteristics of ammgatie critical (e.g. fasteners for aircraft), aogd
of zinc or vapor-deposited aluminum can be sulistitdior cadmium in many plating applications
(USGS 2012).

10.2.1 Anti-corrosion metal coating

Technical alternatives to cadmium electroplatingehlaeen identified for electroplated cadmium.
The following alternatives was identified in a sgifdom US 1994: electroplating (alternative
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materials), chromate conversion coating, electsopating, ion coating, mechanical plating,
metallic-ceramic coating, organic coating, surfaaedening, and thermal spraying (NDCEE 1994).

Electroplated aluminium has been mentioned astamalive to cadmium plating. It is an
commercially available high purity aluminum platifag corrosion control. The coating can be
applied via a wet but non-aqueous process to angumive substrate, from carbon steel to
aluminum beryllium alloys and even graphite. Highity aluminum has high corrosion resistance
properties, even as a thin coating. It is also lgidlctile, nonembrittling, mitigates galvanic
corrosion and can be used in applications up t0QL6. The coating is especially useful in the
aerospace industry (Vallejo 2003).

An alternative for the cadmium plating in the aaftindustry has been developed. It is based on a
tin-zinc alloy (SIFCO 2012).

10.2.2 Military Electrical Connectors

Alternatives for cadmium in military electrical aoectors have been assessed (Mason 2012).
According to the abstract are the most promisinglmate coating processes to replace cadmium
and hexavalent chromium in electrical connectoliegfons are technologies that are already
being used on electrical connectors to some extememonstrate both considerable promise for
the application and sufficient maturity. These uald:

- Electroplated aluminum (AlumiPlate®)
- Electroplated alkaline zinc-nickel (5—-15% nickelive deposit)
- Electroplated tin-zinc (at least 20% zinc in thpakst)

Future efforts will focus on these three most pging candidates. In addition, to support efforts
being undertaken by electrical connector manufacsutwo EN-based technologies, both
incorporating occluded particles, will also be exabd. Coatings with both CCCs and TCPs will be
considered, as available, and cadmium with CCCheilused as the control. The most promising
candidate coating processes from emerging altesstiere also identified. These are technologies
that show promise for electrical connector appioat, but require further development for the
electrical connectors employed by TARDEC. Thesaute:

- Alloys deposited from ionic liquids
- Magnetron sputtered aluminum alloys
- Tin-indium alloys

Future efforts may consider these candidates a®th@ology matures and becomes more feasible
for electrical connectors (Mason 2012).

10.2.3 Brazing alloys (ECHA 2012b)

New specifications for cadmium-free alloys are klde on the Internet. ICdA indicates that
brazing fillers which do not contain cadmium arevmaost commonly used in the EU. However,
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brazing fillers which contain cadmium are still dse the aerospace and military sectors, and in
high-speed trains, where safety and security adetgsde the main drivers for non-substitution,
with the quantity of cadmium involved being lesarit25 tonnes per year in Europe. In relation to
the identified use in high-speed trains, ICdA ndteat cadmium is used in the realisation of
‘aluminium cooling systems' for electrical equipméfowever, it seems that this application is
more relevant to soldering (<450°C) rather tharzioiga

11 RISK-RELATED INFORMATION

An EU risk assessment is available for cadmium h&&B, 2007). It was concluded that there
was a need for limiting the risks for both workecsnsumers and for humans exposed via the
environment. Some of these concerns have beenssaédren the recent revision of entry 23 in
REACH, Annex XVII.

In addition, SCOEL (Scientific Expert Group on Opational Exposure Limits) has evaluated
cadmium (and its inorganic compounds) and suggast8-hour time-weighted average (TWA)
value of 4pug/m® (respirable fraction). Further, a biological limilue in urine is suggestedpd/g
creatinine. It may be noted that a lower valu@glg creatinine, was used by EFSA as a reference
point for their risk evaluation of cadmium in foothe suggested values for the work environment
have so far not been included in the list of inthi@occupational exposure limit values (the most
recent directive on indicative occupational expedimit values, 2009/161/EU, was published 17
December 2009).

In the SCOEL document, the proposed limit valueskased on effects on the kidney and, to some
extent, bone tissue, representing the most seastivgets of Cd toxicity after occupational
exposure. The suggested IOEL (in air) is considévduk protective against long-term local effects
(respiratory effects including lung cancer).

11.1 Risk estimation in the registration
Risk for workers

According to the lead registration dossier, workgposure to dust and fumes is controlled by a
general application of local exhaust ventilatiomhat work place and, in specific cases, personal
protection measures. Dermal exposure is preventeldebgeneral use of specialized clothing,
including specialized working gloves.

In the CSA, the suggested IOEL of ug/m® (respirable fraction) has been used as a DNEL.
Although the exposure assessments from the EU RARainy cases are higher than this value it is
claimed that the more recent measured data shdvexipasures, at least in most cases, are below
the IOEL. In this comparison measured inhalableceatrations have been divided with a factor of
2, or sometimes 2.5, to compensate for presumdtehigplues in the inhalable fraction compared
to the respirable fraction. Comparisons with theppised biological limit value are also made in the
CSA, showing that most, but not all, tested workeage urinary cadmium concentrations below 2

Mg/g creatinine.

According to the registration dossier technical suees are taken to comply with the EU proposed
indicative OEL of 4 pg respirable Cdimif compliance with the IOEL cannot be ensuredain
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consistent way, protection of the worker is ensurgadomplementary risk reduction measures and
compliance with biological indicator limit valuestlae individual level.

11.2  Swedish risk assessment of cadmium (Keml 2011)

In a recent report (Keml Rapport Nr 1/11) from 8wedish Chemicals Agency, health effects of
cadmium in Sweden were evaluated. The summaryedelow.

Summary

The main source of cadmium exposure is food, mdodyg of plant origin, offal and seafood. The
gastrointestinal absorption of cadmium is influehbg age, type of diet, and nutritional statushwit
iron status being particularly important.

Blood cadmium is localized mainly in the red blamdls and is a useful marker of ongoing
exposure. Urinary cadmium is a useful biomarkdon§-term exposure, as it reflects the
concentration in the kidney, where cadmium is aadating with very long half-life. It is the most
frequently used biomarker of cadmium exposure. Mmieasured concentrations need to be adjusted
for variation in urine dilution, mainly by creatime or specific gravity. In particular creatinine
adjusted urinary cadmium will vary by age, bodyesigender, and meat consumption. An
alternative way of adjustment is by specific gnavi critical review of the database on biomarkers
of cadmium exposure provides no evidence for agdser in cadmium exposure over time during
the last 2-3 decades in Sweden.

Long-term cadmium exposure may cause various &fkécts.The kidneyhas generally been
considered the critical target organ for cadmiurdity. Circulating cadmium, after being filtered

in the glomerular part of the kidney, is reabsorhed retained in the proximal tubules causing high
intracellular concentrations. A large number ofdgs, also in the Swedish general population,
show significant association between cadmium inauand/or blood and markers of impaired
kidney function, mostly impaired tubular functid@ritical review of recent studies, particularly
those in Sweden, indicates that the risk of immbiumction increases already belowd/g

creatinine in urine. In addition, cadmium exposuais been associated with impaired glomerular
filtration rate, the risk of which seems to star@& to 1.0ug/g creatinine.

There is a debate concerning the causality antdehih significance of the associations between

urine-based biomarkers of cadmium exposure ancekieffects (mainly tubular effects) that occur
at very low cadmium concentrations. Thus, it idiclifit to ascertain the exact lowest effect doge fo
a clear adverse effect. However, several recenhamestic studies support effects at low exposure.

Because of the uncertainties of lowest effect doseadmium in the proximal tubules, the present
risk assessment focuseslwone effects of cadmiurt is well established since long that excessive
exposure to cadmium affects the metabolism of gaicin severe cases leading to osteomalacia
and osteoporosis, in addition to kidney damage ifadisease). Data supporting adverse effects of
much lower cadmium exposure on the risk of ostemgisthas increased substantially during the
last few years. The effect of cadmium on bone sderbe independent of kidney damage, possibly
the effects occur even before the kidney damageréds several epidemiological studies have
observed an association between cadmium and barerahdensity, only three published studies
have so far considered fracture incidence — thd aubgerse endpoint with respect to effects on
bone. Other studies have included markers of bem@deling to increase the understanding of
causal relationships and possible mechanisms iedolt appears that cadmium preferentially
affects bone resorption.
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Irrespective of whether the studies employel@erease in the bone mineral density, increasdd ris
of osteoporosis or increased risk of fractyrégese changes seem to ocauvery low urinary
cadmium concentrations. Both a recent Swedish gBMC) and arAmerican study (NHANES)
suggest that already a cadmium concentration imewfaround 0.5ug/g creatinine is associated
with increased risk of osteoporosis and fracturaportantly, the Swedish studies showed
increased risk of osteoporosis and fract@m@®ng those who never smoked, suggesting thatglieta
cadmium alone contribute to thek. Statistically, every other women and oneaubur men in
Sweden will suffer fronan osteoporotic fracture during their lifetime. Gmiering the high
prevalence obsteoporotic fractures in Sweden, compared to akaid southern Europe, it cannot
beruled out that the Swedish population might be nsamsitive to cadmium exposureslitould be
noted that even a small increase in the averagesexe will result in groportionally larger
increase in the fraction of the population at n$kractures.

Cadmium is classified as human carcinogaainly based on lung cancer among occupationally
exposed people. Mechanistic studies support tlthhicam is a carcinogen. The relationship
between cadmium exposure and cancer risk has heedst been studied outside the occupational
exposure and several studies show increased Egkerimental studies also suggest that cadmium
may have estrogen-like effects. Swedish epidemicddgtudies have been initiated and
associations between estimated dietary exposurearehsed risk of hormone-related cancer
(endometrial cancer) have been shown. At preséndifficult to draw conclusions about the
cancer risk linked to dietary exposure to cadmibuat,the data are in support of the need for a
precautionary approach. Knowledge on cadmium-releéediovascular disease and diabetes do not
provide sufficient information for risk assessmbeut also supports a precautionary approach. Two
recent well performed prospective studies from Betgand USA indicate associations between
cadmium andncreased mortalityvhich is alarming. Still, it is difficult to judgehether the results
could be affected by residual confounding. Nevédettse these data clearly add to the concern that
cadmium might exert severe effects on human health.

A number of fairly small cross-sectional studiedigate that cadmium exposure may have a
negative effect ofetal growth and child developmertithough available data does not allow
guantitative health risk assessment, these efébaisld be born in mind.

In conclusiona number of studies, several of which in Swedewe Isaown associations between
long-term low-level cadmium exposure and adversdtheffects mainly in the form of kidney
dysfunction, osteoporosis and fractures. Causalioglships are supported by mechanistic
experimental studies. Although associations withhalse effects are found at very low exposure
levels, the main emphasis in this risk assessnmanbben put on recent data on bone effects of
cadmium. Unlike the studies on subclinical kidnég@s, the bone effects include several different
endpoints, which are not based on urine-based blarsa Rather, they include clinical findings,
the most severe of which are bone fractures. Tthesjata on bone effects are more suitable for
evaluation of health risks at low exposure levieés,levels observed in Sweden today.

Taken together, the recent comprehensive epidegigabstudies strongly indicate that the effects
of cadmium on bone among Swedish women starts sberevbetween 0.5 anduty/g creatinine in
urine. A considerable part of the Swedish womerehainary cadmium concentrations in this
range. Thus, it is clear that cadmium-related hesfiiects occur at the present exposure levels in
Sweden.
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It should be noted that these risk levels (0 creatinine) are slightly lower than thatu@/g
creatinine) reported in the recent EFSA risk assess of cadmium, which was mainly based on
dose-response relationship between urinary cadranoshmarkers of impaired renal tubular
function obtained in a meta-analysis of selecteainty Asian studies. Because of the associations
with multiple health effects observed already atphesent cadmium exposure in the general
population, it is essential not to increase theosupe further. Compared to most other countries, th
risk of fractures is very high in Sweden. In thghti of this high prevalence of fractures, the
population is likely to be extra sensitive to apesure that further increases the risk. It shoeld b
noted that even a small increase in the averagesexe will result in a proportionally large
increase in the fraction of the population withreesed risk of severe effects, such as fractures.
Therefore, mitigation efforts are needed to de@d¢las exposure, the main part of which is through
food.

11.3 Risk via food intake (EFSA 2012)

The European Food Safety Authority (EFSA) has régempdated their exposure and risk
evaluation of cadmium in a scientific report (EF3®L12), see abstract below.

ABSTRACT

Cadmium can cause kidney failure and has beemstitatly associated with an increased risk of
cancer. Food is the dominating source of human &xean the non-smoking population. The Joint
FAO/WHO Expert Committee on Food Additives estdi#is a provisional tolerable monthly intake
of 25ug/kg body weight, whereas the EFSA Panel on Comants in the Food Chain nominated a
tolerable weekly intake of 2459/kg body weight to ensure sufficient protectioratbfconsumers.

To better identify major dietary sources, cadmiewels in food on the European market were
reviewed and exposure estimated using detailedioheal food consumption data. High levels of
cadmium were found in algal formulations, cocoaeligsroducts, crustaceans, edible offal, fungi,
oilseeds, seaweeds and water mollusks. In an attensplculate lifetime cadmium dietary
exposure, a middle bound overall weekly averageestimated at 2.0dg/kg body weight and a
potential 95th percentile at 3.66/kg body weight. Individual dietary survey resuitsied

between a weekly minimum lower bound average @ fola maximum upper bound average of
7.84ug/kg bodyweight and a minimum lower bound 95th patite of 2.01 and a maximum upper
bound 95th percentile of 12y/kg body weight reflecting different dietary habénd survey
methodologies. Food consumed in larger quantitakthe greatest impact on dietary exposure to
cadmium. This was true for the broad food categasfegrains and grain products (26.9%),
vegetables and vegetable products (16.0%) anchgtanots and tubers (13.2%). Looking at the
food categories in more detail, potatoes (13.2%adh and rolls (11.7%), fine bakery wares (5.1%),
chocolate products (4.3%), leafy vegetables (3.886) water mollusks (3.2%) contributed the most
to cadmium dietary exposure across age groupsciinent review confirmed that children and
adults at the 95th percentile exposure could exbeatth-based guidance values.
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13 ANNEX 1. ADDITIONAL INFORMATION ON HAZARD AND RISK

In 2011, the Swedish Chemicals Agency publishegpant (Keml 2011) containing a human health
risk assessment of cadmium from a Swedish expoparspective (Annex 3 in Keml 2011,
Authors: A Akesson & M Vahter, Karolinska InstityteSweden). The summaries on different
toxicity endpoints given below are primarily frohng report.

13.1 Developmental toxicity

Neurotoxicity and child development

The risk assessments of Cd and CdO performed angathe Existing Substances legislation
(ESR) concluded that “information is needed todyetbcument the possible neurotoxic effects of
Cd suggested in experimental animals, especiallyhemnleveloping brain. The collection of this
additional information should, however, not delag implementation of appropriate control
measures needed to address the concerns expressetdral other health effects including
repeated dose toxicity and carcinogenicity.” (ECB2).

A few small cross-sectional epidemiological studrgicate an adverse effect of cadmium exposure
on child development, supported by experimentalisfishowing cadmium-induced neurotoxicity.
Although available data does not allow quantitatiealth risk assessment, these effects should be
kept in mind (Keml 2011).

A recent investigation in U.S. children, using NHEBSI data on approximately 2 200 individuals,
suggests that low-level environmental cadmium expos children may be associated with
adverse neurodevelopmental outcomes (Ciesietskl 2012). Median urinary cadmiumd/L)
ranged from 0.078 (age 6-7 yrs) to 0.146 (age 1¢r&4p When comparing children in the highest
quartile of urinary cadmium with those in the lotvgsartile, adjusted odds ratios were 3.21 (95%
Cl: 1.43-7.17) for learning disabilities, 3.00 (9% 1.12-8.01) for special education and 0.67
(95% CI: 0.28-1.61) for attention deficit hyperady disorder (ADHD). The urinary cadmium
levels in U.S. children are probably similar to whan be expected within EU. For example, the
median urinary level in young (age 20-29 yrs) noreking women in Sweden is approximately
0.1-0.2ug/g creatinine, corresponding roughly to 0.140g2L. For urinary cadmium levels in
Sweden, see the following link:
http://www.imm.ki.se/Datavard/Tidsserier/Cadmium%@620urine.htm.

A study on early-life low-level cadmium exposurerumal Bangladesh also indicates effects on
child development, showing lower child intelligenparticularly in girls (Kippler et al 2012).

13.2 Endocrine effects

The significance of the estrogen-mimicking effesuish as the well-characterized estrogenic
responses of the endometrial lining (hypertrophy layperplasia) observed in animals exposed to
environmentally relevant doses of cadmium, washirrexplored in humans. In a large population-
based prospective cohort among Swedish postmeralpaaomen (n = 32 210) the association
between dietary cadmium intake and endometrialeraincidence, the cancer form most suited to
explore potential estrogenic effects, was asse3seslis the first study exploring health effeats i
relation to the dietary cadmium intake, which i€amtrast to smaller studies where cadmium has
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been monitored in urine. Thus, based on the cartstruof a food-cadmium database in the cohort,
a large study population was utilized and the iente was assessed prospectively. This design
reduces the selection bias that often occurs ie-castrol studies, but is on the other hand,
dependent on the assumption that estimated diesahyium intake is a valid reflection of the
internal dose. The average estimated cadmium intalsel Sug/day (1.5ug/kg bw per week).

During 16 years of follow-up, 378 cases of endomdtadenocarcinoma were ascertained through
computerized linkage to the Swedish Cancer Regumtty virtually no loss to follow-up. The
highest versus lowest percentile of cadmium inta&e associated with risk of endometrial cancer,
RR 1.39 (95 % confidence interval, Cl, 1.04-1.8%¢Ptrend 0.02). To reduce the influence of
endogenous estrogen exposure, analyses wereistréyf body mass index and by use of
postmenopausal hormone use. Analyses were alsifistrdy smoking status because an anti-
estrogenic effect of cigarette smoking is showrtioculating estrogen concentrations due to
increased metabolic clearance, a reduction inivel&tody weight, and an earlier age at menopause.
Among never-smoking, non-overweight women the RR 86 (95 % CI 1.13-3.08; P for trend
0.009). A 2.9-fold increased risk (95 % CI 1.059).Was observed with long-term cadmium intake
consistently above the median intake in both 1987ia 1997 in never-smoking women with low
available estrogen (non-overweight and non-usepostmenopausal hormones). Although the data
support the hypothesis that cadmium may exert g@siiio effects and possibly increase the risk of
hormone-related cancers this needs to be confibgyexher studies. In a collaboration project
between toxicologists and epidemiologists the fbssnechanism of such estrogenic effect was
investigated. In a rodent uterotrophic bioassayansgenic (estrogen-receptor element) ERE-
luciferase reporter mice, the animals were exptseddmium chloride subcutaneously for four
days before puberty. Cadmium was unable to indte®wophic response vivoand was unable

to induce estrogenic responses via classical estrogceptor-signaling through ERE-driven genes.
However, luminal epithelium height of the endometriwas significantly increased in a dose
dependent manner after cadmium chloride (and estriae€latment). It was concluded that cadmium
can induce estrogen-like responses maybe via rassichl estrogen receptor- signaling pathway
and that cadmium may promote tumor developmeriteruterus. In the same study population as
for the study on endometrial cancer incidence (Sstelammography Cohort; a population-based
prospective cohort), the association between dietadmium exposure and risk of overall and
estrogen receptor defined (ER+ or ER-) post-mensgdeareast cancer was assessed. In 55 987
postmenopausal women who completed a food frequemestionnaire at baseline in 1987 a total
of 2112 incident cases of invasive breast cancee aecertained (1626 ER+ and 290 ER-) during
an average follow-up of 12.2 years. It was fourat thetary cadmium was positively associated
with overall breast cancer tumors. The risk ratleew comparing the highest tertile with the lowest
was 1.21 (95% CI 1.07-1.36) (Julin et al 2012).Seheesults are in line with the results of the
endometrial cancer study (Keml 2011).

The mechanism of the estrogen-like effects of cadmias been investigated in transgenic
estrogen reporter mice and it was concluded thdrhaam acts via a different mechanism from that
of steroidal estrogens. Cadmium (chloride) sigatfity affected kinase phosphorylation and
endogenous gene expression at low exposure lehelgywest effect seen at ug /kg bw (Ali et

al 2012).
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13.3  Overall mortality

Two recent studies from Belgium and USA indicatgoagtions between cadmium and increased
mortality which is alarming. Both studies are ajtnguality (prospective) and the Belgian study
has even included repeated measurements of exp&iliret is difficult to judge whether the

results could be due to confounding. For instaloee urinary creatinine excretion is associated
with all-cause mortality and cardiovascular dised$ris, adjusting a urine-based exposure marker
by creatinine may result in falsely high associaibetween exposure and disease or mortality.
Noteworthy, is that the Belgian study employed amyncadmium per 24 hours and blood cadmium.
Nevertheless, these data clearly add to the cortbatrtadmium might exert severe effects on
human health (Keml 2011).
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