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ABBREVIATIONS

ABS Acrylonitrile-butadiene-styrene

AC Article Category (use descriptor according toARH)
BIPV Building Integrated PhotoVoltaic applications
Cd-Ni battery ~ Cadmium-Nickel battery

CdSe Cadmium selenide

CdTe Cadmium telluride

CSA Chemical Safety Assessment

Cl Confidence Interval

Cl Colour Index (in chemical name)

DSSC Dye-sensitized solar cell

ERC Environmental Release Category (use desceimording to REACH)
ESR Existing Substances Regulation

HDPE High-density polyethylene

ICdA International Cadmium Association

IOEL Indicative Occupational Exposure Limit

LDPE Low-density polyethylene

B2M B2-microglobulin

NHANES National Health and Nutrition Examinationr@ey
Ni-Cd Nickel-Cadmium

PC Product Category (use descriptor according tAGHp)
PC Polycarbonate

POM Polyoxymethylene (Acetal)

PMMA Poly(methyl methacrylate)

PPO Polyphenylene oxide

PROC Process Category (use descriptor accordiRe &CH)
PTFE Polytetrafluoroethylene

PVC Polyvinyl chloride

RAR Risk Assessment Report

RBP Retinol-Binding Protein

SCOEL Scientific Expert Group on Occupational Esgoe Limits
SMC Swedish Mammography Cohort

SU 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 NameCadmium sulphide
EC Number: 215-147-8
CAS number: 1306-23-6

* The substance is proposed to be identified as @ubsimeeting the criteria of Article 571(a) of
Regulation (EC) 1907/2006 (REACIdyving to its classificzation as carcinogen catediy;
which corresponds to classification as carcinoggagory 2.

» Itis proposed to also identify the substance astsmce of equivalent concern according to
Article 57 (f), owing to the adverse effects onrleg 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 sulphide is listed as Index number 048-00:@ in Regulation (EC) No 1272/2030®1d
classified in Annex VI, part 3, Table 3.1 (listleirmonised classification and labelling of
hazardous substances) as carcinogen, Carc. 1B (INBB0cause cancer). The corresponding
classification in Annex VI, part 3, Table 3.2 (Idtharmonized classification and labelling of
hazardous substances from Annex | to Council Dire&7/548/EEC) of Regulation (EC) No
1272/2008 is carcinogen, Carc. Cat. 2, R45 (Mageaancer).

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

' Classification in accordance with Regulation (B@) 1272/2008 Annex VI, part 3, Table 3.1 List ofrianised
classification and labelling of hazardous substan@d L 353, p.1, 31.12.2008

? Classification in accordance with Regulation (B@) 1272/2008, Annex VI, part 3, Table 3.2 List @frimonised
classification and labelling of hazardous substar@®@m Annex | to Council Directive 67/548/EEC),) @Q 353, p.1,
31.12.2008.

3Regulation (EC) No 1272/2008 of the European Padiat and of the Council of 16 December 2008 orsifiaation,
labelling and packaging of substances and mixta@&nding and repealing Directives 67/548/EEC &89M5/EC,
and amending Regulation (EC) No 1907/2006.
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Equivalent level of concern

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 sulphide has the ability to cause a latgehber of toxic effects as is evident from the
harmonized classification. It is thus clear thatroaum sulphide may cause many different serious
health effects in addition to the ability to caus@cer. Adverse effects on multiple organs after
repeated exposure, in particularlkadney andbone, motivated the classification as STOT RE
Category 1, and it is in particular effects on lagrmand bone that justify the equivalent level of
concern.

Since the toxic effect of all cadmium compoundscaased by the cadmium ion, the conclusions
for “cadmium” are relevant for cadmium sulphide.

A significant part of the European population iday exposed to levels of cadmium (originating
from cadmium metal and cadmium compounds) that caage effects on kidney and bone. In non-
smokers, food is the main intake route and it ésdfore important to reduce all input of cadmium
to foodstuff. The input of cadmium to soil is domiied by deposition from air, which therefore
must be reduced, and in order to achieve thissa$ wf cadmium and cadmium compounds should,
wherever possible, be substituted.

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

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 theettgpment of further alternatives to
the use of cadmium in pigments, stabilizers antrga

» 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.
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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 exposureatthdum is dependent on
the concentration attained in body tissues andnsgéidney 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 bosedisomeostasis to actual bone fractures, which
especially for older people are considered quit®gs and can contribute to a premature death. In a
population-based study in patients aged 65 or dlderisk 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 tyoasea 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.

Irreversibility of health effects: According to the EU RAR on Cd and CdO (ECB 200fhso
controversy exists as to the reversibility of regiécts of cadmium both in the general population
and in workers. The (ir)reversibility of tubulargpeinuria after reduction or cessation of exposure
depends on the intensity of exposure and/or therggwf the tubular damage. It was concluded
that, as for inhalation exposure, incipient tub@fiects associated with low Cd exposure in the
general population are reversible if exposure stantially decreased. Severe tubular damage
(urinary leakage of the proteins RBP or 32M > 1;Q(BD0ug/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 ingestiomdfitum-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 (Keml 2011). Alkes of cadmium and its compounds, including
when present as a contaminant, contribute to tbecbumulation in humans, 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.
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Delay of health effects: The bioaccumulation over the life-time of an indwal also affects when
effects appear; in most instances the delay betfestexposure 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 16 000 articles published during thel@sgyears and 9200 articles during the last 5 years.
Consequently, new findings on hazards and riske@cted with cadmium and its compounds
continuously appear. As an example, effects on hieeee 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 assessment from EFSA (2009, 2012))
are based on kidney effects. In the risk assessioeworkers by SCOEL (2009), the proposed
limit values are also based on effects on the kidmal, to some extent, bone tissue, representing
the most sensitive targets of cadmium toxicity rafiecupational exposure. The suggested IOEL (in
air) is considered to be protective against longitcal effects (respiratory effects includingdun
cancer). Whether this value is also protectiversgaiancer in other tissues was not assessed.
According to a paper from the Austrian Workers’ Qamnsation Board (Puringer 2011), the
German Committee on Hazardous Substances (AGSebastly endorsed a limit value of 16 ng
Cd/ms3 based on the acceptable cancer risk of J00P5i.e. a value 250-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-
standardized geographical differences is stillkmatwn, 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 es@an the prevalence of fractures is to be exgecte

According to a recent report published by the Seled@hemicals Agency, the Swedish annual
societal economic cost of fractures caused by aaainm food amounts to approximately 4.2

billion SEK (approx. 450 million Euros) (Keml 200)3&his figure is based on the estimation that 7
and 13 %, in males and females respectively, dfattures in Sweden are caused by cadmium
exposure, mainly via food, and include direct tmet and care costs for bone fractures (approx.
1.5 billion SEK), as well as a valuation of a lovgerality of life and shortened life expectancy for
those who suffer fractures, mostly the elderly.

In conclusion

Cadmium sulphide is considered to fulfil the ciidesiccording to Art. 57(f), i.e. there is sciertifi
evidence of probable serious effects to human Ine@dlich give rise 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,
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» 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 andteshimg of life time and a decreased quality
of life.

Registration dossier(s) submitted for the substanéeYes

10
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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:

215-147-8

EC name:

Cadmium sulphide

CAS number (in the EC inventory):

1306-23-6

CAS number:

Deleted CAS No. 106496-20-2441148-55-5

CAS name: Cadmium sulfide (CdS)
IUPAC name: Cadmium sulphide
Index number in Annex VI of the CLP |048-010-00-4
Regulation

Molecular formula: Cds

Molecular weight range: 144.48

Synonyms:

Cadmium sulfide; C. P. Golden Yellow 55; Cadmiumden 366;
Cadmium Lemon Yellow 527; Cadmium Primrose 819; iGiauin Yellow
000; Cadmium Yellow 10G conc; Cadmium Yellow 892dthium
Yellow Conc. Deep; Cadmium Yellow Conc. Golden; @aadnm Yellow
Conc. Lemon; Cadmium Yellow Conc. Primrose; Cadmigiiow OZ
dark; Cadmium Yellow Primrose 47-4100; Cadmium ¥elIST,;
Cadmium monosulfide; Cadmium sulfide yellow; Cadmiyellow;
Cadmopur Golden Yellow N; Cadmopur Yellow; Capsebearro Lemon
Yellow; Ferro Orange Yellow; Ferro Yellow; GSK; PO8; Primrose
1466; Reckitt Yellow 12; Sicotherm Yellow L 1001

Structural formula

Cd* &

Can form two crystal forms: Hexagonal (alpha-Cd®) €ubic (beta-
CdS). The most widely used crystal compositionsaamgxture of the two
forms (“dimorphic”). Beta-CdS can be transformetbialpha-CdS by
heating (750 °C, Kirk-Othmer 2004). cadmium sulghé&dso occurs in
amorphous form (Eastaugh 2008).

1.2

Name: cadmium sulphide

Composition of the substance

11
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Degree of purity: 80-100 % (w/w). The substance is a mono constitsestance.

1.3 Physico-chemical properties

Table 2: Overview of physicochemical propertiegdata from dissemination database
according to REACH, Article 1190

Property

Value

Remarks

Physical state at
20°C and 101.3
kPa

Solid
Powder

Colour: Orange ochre

Odour: odourless

From
registration

Relative density

The density of the substance is 4.81 g/an@2 °C.

From
registration

Granulometry

The D50 of the powder is 367 um, the D80 is 607 pum.

From
registration

Water solubility

Experimental (pH range of 5.4 - 6.3): 12 000 pglLCat/20 °C
Calculated (HSC 7.0 software): 0.0006 pg-Gd 20 °C

The calculated solubility of Gdlis much lower than the experimental
solubility. The calculated solubility for cadmiuralghide is in good
agreement with the literature value. The highemnaach solubility
shown in the experimental study was probably cabsetie presence o
CdSQ (an oxidation product of cadmium sulphide).

As a conclusion: The solubility is strongly depemden the purity of the
substances used, and also on the oxidation ratgdohium sulphide

From
registration

fVaIue used for
CSA:

0.0006 pg/L

during different life-cycle stages.

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

12
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2 HARMONISED CLASSIFICATION AND LABELLING

Cadmium sulphide is listed as Index number 048-00:@ in Regulation (EC) No 1272/2008 and
classified in Annex VI, part 3, as follows:

Table 3: Harmonised classification of cadmium sulpidle according to Annex VI, Table 3.1
(list of harmonised classification and labelling ohazardous substances) of Regulation (EC)
No 1272/2008

Index No International |EC No CAS No |Classification Labeling
Chemical Hazard Class |Hazard |Pictogram |Hazard
Identification and Category |statement Sj Statement
ignal Word
Code(s) code(s) Code(s) Code(s)
Carc. 1B H350 GHSO08 H350
Muta. 2 H341 GHSO07 H341
Cadmium Repr. 2 H361fd Dgr H361fd
048-010-00-4 sulphide |215-147-8| 1306-23-6STOT RE 1 H372** H372**
Acute Tox. 4* |H302 H302
Aquatic Chronic 4H413 H413
Specific Concentration Limits and M Factors
Concentration Classification
C>10% STOT RE1; H372
0.1%<C<10% STOT RE2; H373
Note 1: The concentration stated or, in the absence df soncentrations, the generic concentrations sf thi
Regulation (Table 3.1) or the generic concentratioiDirective 1999/45/EC (Table 3.2), are the patages by
weight of the metallic element calculated with refece to the total weight of the mixture.

H350:
H341:
H361fd:
H372:
H302:
H413:
H373:

May cause cancer
Suspected of causing genetic defects

Suspected of damaging fertility. Suspectedamaging the unborn child

Causes damage to organs through prolongexpeated exposure
Harmful if swallowed
May cause long lasting harmful effects taaa life
May cause damage to organs through proloongegpeated exposure
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Table 4 Harmonised classification of cadmium sulphideoadmg to Annex VI, Table 3.2 (list of
harmonized classification and labelling of hazasdsubstances from Annex | of Council Directive
67/548/EEC) of Regulation (EC) No 1272/2008

Index No |International |EC No CAS No Classification Risk Safety |Indication
Chemical phrases |phrases és) of
anger

Identification

Carc. Cat. 2; R45 |R45 S45 T
Muta. Cat. 3; R68 |R68 S53
Cadmium Repr. Cat. 3; R62 |[R62 S61

048-010-00-4 sulphide |215-147-8| 1306-23-6 |Repr. Cat. 3; R63 |R63
T; R48/23/25 R48/23/25
Xn; R22 R22
R53 R53

Concentration Limits

Concentration Classification
C>10% Xn; R22
C>10% T: R48/23/25
0.1%<C<10% Xn; R48/20/22
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

R48/23/25:  Toxic: danger of serious damage tothdsl prolonged exposure through inhalation
or if swallowed

R22: Harmful if swallowed

R53: May cause long-term adverse effects in the@g environment

R48/20/22: Harmful:danger of serious damage to health by prolongedsexp through
inhalation or if swallowed
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3 ENVIRONMENTAL FATE PROPERTIES

3.1 Anthropogenic and natural sources of cadmium expose

Cadmium is anatural element, which is present in all environmental pantments. In the
environment cadmium is mainly associated with zinut,also with lead and copper.

Anthropogenic sources include by-products of the metallurgyhese elements. The release of
cadmium into the human environment therefore oceiargmission from mining activities, metal
industries (the smelting of other metals), the costion of fossil fuels, the incineration of waste
materials or inappropriate waste disposal, lantifdkage and fertilizing with cadmium-rich
phosphate and sewage sludge. These anthropogénriteschave contributed to the contamination
by cadmium of the food chain.

Cadmium emissions to the environment may thereddse 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 nadurasion sources include weathering and
erosion of parent rocks, volcanic activity and &irferes (ICdA 2012). The overall cadmium
anthropogenic exposure is then in the range 0b3D%.

3.2 Fate in the environment

Cadmium sulphide is thermodynamically unstable uageobic conditions and will therefore
slowly transform to more oxidized forms e.g. sukgh&ydroxide and oxide. Moisture triggers the
deterioration (see section 9.3.2). The transforongbroducts are more water soluble which means
that cadmium will occur as cadmium ions {€dIn the environment the cadmium ion interacts
with the environmental matrix and biota. The fail depend on processes like dissolution,
absorption, precipitation, complexation, inclusioto (soil) matrix, etc.

In freshwater or seawatercadmium may occur in both suspended and dissdbrets and is
partitioned over a number of chemical specieseltiment cadmium binds to the sulphide fraction
to form the less soluble cadmium sulphide. Dudé&ldw solubility, cadmium will be largely

bound in the sediments as long as the sedimeepisunder anaerobic condition. However, if the
condition turns more aerobic, due to e.g. drair@agdredging, cadmium ions may be re-mobilised
into the water. Irsoils, cadmium interacts with various reactive soil aoes (mainly adsorption).
The soil pH is an important parameter that affdoesspeciation and the distribution of the
cadmium species over the soil and the solutionn@aah tends to be more sorbed and complexed
at higher pH (pH > 7) than at lower pH. The solijpibf cadmium in soil decreases with increasing
pH.

3.3 Bioavailability

Cadmium sulphide has a very low solubility, compaei.e. the oxide form. The potential for
releasing cadmium ions is therefore also very bhich decreases th®oavailability potential.
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Distinction can therefore be made between cadmiommpounds, as a function of their solubility.
However, cadmium sulphide will sooner or later tam$formed into more soluble forms due to
chemical/physical transformation processes (i.eattmium oxide or sulphate). Important
triggering factors are increased humidity, chanfggh® redox potential and/or elevated temperature
(waste incineration, wildfire). Cadmium sulphidetiie waste water will, via sludge application,

end up in agricultural soil. In the soil cadmiunipdude will be transformed into more water

soluble forms (Keml 2013b).

Cadmium is nobiomagnifying in the aquatic food chain. However, the
bioconcentration/bioaccumulationfactors strongly increase when exposure concéortisat
decrease. This observation clearly shows some téy@lysiological regulation of uptake. Because
cadmium is easily taken up by many plants, plasetddood, in particular wheat, rice and potatoes,
is a major source of exposure to cadmium. Anotharce of exposure is tobacco smoking (Keml
2011).

The low bioavailability of cadmium sulphide, comgaito i.e. cadmium oxide, is mainly relevant
for occupational and possible consumer exposucadmium sulphide. However, the more
bioavailable transformation products of cadmiunphide are relevant for human exposure to
cadmium via environmentally contaminated food{Qeleased from eg.
oxide/hydroxide/sulphate).

34 Food

In a recent report from EFSA (2012) cadmium lewel®od 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 12.y/kg body weight, reflecting different dietary hisand survey
methodologies. Food consumed in larger quantitakthe 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 edai the 95th percentile exposure can exceed
health-based guidance values. The current TWBa@kg bw (EFSA 2009, 2012).

3.5 Human exposure and body burden

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

Age Urinary cadmium ug's creannine
{years} Median and (range) % =0 Sugle =10 ugle
Al Mever-smokers All / Never-smokers

SEM 20-29 012 (0.01-0.68) 0.10(0.02-0.68)

50-59 029 (0.04-2.7) 024000414y 20/ 4 1.8 /03
WHILA [ 53-64 0567 (0.13-3.6) 0.56(013-3.2) 70/ 32 20/ 6
SMC 56-69 035 (0.05-2.4) 029(0.05-13) 23/ 6 20702

SEM; The Mahonal Swedish health-related emvironmental menitormg program WHILA: Women's Helath
1 the Lund Area, SMC; The Swedizh Mammography Cohort:

Women in the age group 50-69 years were also wsedaluate 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 Qdg/g creatinine, respectively. The correspondingpprons for
urinary cadmium concentrations above [glg creatinine were 1.8%, 20% and 2%, respectively
(0.3%, 6% and 0.2% in never-smokers). Differenaga/ben studies may indicate higher exposure
in Southern Sweden, but comparability of measurgésn@ay contribute to the differences
observed.

Biomonitoring data indicate that the exposure wnei@am has not changed during the last 2-3
decades in Sweden.

As part of an EU research progrd@HIME - Public health impact of long-term, low-léveixed
element exposure in susceptible population stratadpd from 1,363 children from six European
(Croatia, Czech Republic, Poland, Slovakia, Sloaeand Sweden) and three non-European
countries (China, Ecuador, and Morocco) showed reafidy small differences between the
European cities (the geometric means ranged 01Au@/L for cadmium). The European
differences were also small among 480 women (0.85+@d/L). As regards industrially polluted
areas, the results clearly showed that childrandiin certain such areas in Europe may have
cadmium and lead levels in blood that are aboubliothose in less polluted regions (PHIME
2011).

4 HUMAN HEALTH HAZARD ASSESSMENT

In 2011, the Swedish Chemicals Agency publishespant (Keml 2011) containing a human health
risk assessment of cadmium from a Swedish expgarspective (Annex 3 in Keml 2011;
Authors: A Akesson & M Vahter, Karolinska InstittitSweden). The summaries on different
toxicity endpoints given below are primarily frohig report. Since the toxic effect of all cadmium
compounds are caused by the cadmium ion, the cginoksifor “cadmium” are relevant for
cadmium sulphide.
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4.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

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

According to (Keml 2011), a gastrointestinal absorpof 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, indeéget of iron status.

After absorption, cadmium is transported in theoblto the liver where cadmium induces
metallothionein and forms a complex with this protdhe cadmium—metallothionein complex is
released from the liver and transported in the dlmothe kidneys. Metallothionein is inducible in
different tissues (e.qg. liver, kidney, intestineddung) by exposure to various agents including
cadmium. In the kidneys, cadmium—metallothioneireedily filtered at the glomerulus, and may
be efficiently reabsorbed from the filtrate in fr®ximal tubules. In the tubules, the protein orti
is rapidly degraded to release cadmium. Cadmiumaraatates in kidney tubules, and causes
damage to tubular cells, especially in the proxitahlUles. Absorbed cadmium is excreted very
slowly, and the amounts excreted into urine andda@re approximately equal. In humans, half-
life estimates are in the range of 7-16 years (IARC2). According to other references (Keml
2011) it is even longer (10-30 years).

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).

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 axtcount the long half-life of cadmium and
the uncertainties regarding the present hazardsisemnt.

According to a later risk assessment (Keml 201hymaber 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 Lf/g creatinine. That the reported associationsesgnt causal
relationships is supported by the fact that assiocis were observed for several different
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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).

It should be noted that associations between loveootar-weight proteins and cadmium in urine

at very low environmental exposure levels shoulthberpreted with caution, given the unspecific
nature of the tubular reabsorption of proteins. ¢lose relationships between low-molecular-
weight proteins and cadmium in urine might simg@flect the inter-individual variations in the
tubular reabsorption capacity of proteins. Thergowever evidence of low-level cadmium
exposure causing toxic bone effects, with decrebene mineral density, increase of osteoporosis
and fractures (PHIME 2011).

There are also indications that environmental arudipational 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.

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 constitutegrget organ for the general and occupational
populations exposed to cadmium compounds. The tavas 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 (KerhlRQ@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
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of osteoporosis or increased risk of fracturesse¢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. Thsag(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 twvbsedeveloped a fracture and those who did
not. Bone mineral density (assessed by x-ray im@)/gives an estimation of the status of the
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 fractunescallly. Biochemical markers of bone remodeling
are measured in serum or urine and give an indicati 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 obdeaam 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 kggpect to effects on bone.
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CadmiBéel: In their prospective cohort, including 506 subjetite observed risk ratios associated
with doubled urinary cadmium concentrations were 1.B84<I1 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 cadmaMposurenstead of the urinary cadmium
concentration (In: Keml 2011).

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

ratio, adjusted for sex and other relevant covesiancreased by 18% (95% L0-38%) per unit
urinary cadmium (1 nmol/mmol creatinine; nd/g creatinine). Wheasubjects 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 high cadmium exposure in this stadyld be attributed to
theinclusion of workers occupationally exposed to canim Associations betwearadmium and
fracture risk were absent before the age of 50vgkifet 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 Cd.5ng/g creatinine with lower levels. Among never-snrske
the ORs (95% Cls) 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 frequegnegtionnaire (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).

5 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for the SVHC identification of the stdnce in accordance with Articles 57 (a) and 57
().
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6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 CMR assessment

Cadmium sulphide is listed as Index number 048-00:@ in Regulation (EC) No 1272/2008 and
classified in Annex VI, part 3, Table 3.1 (listlmirmonised classification and labeling of hazardous
substances) as carcinogen, Carc. 1B (H350: “Mageaancer”). The corresponding classification
in Annex VI, part 3, Table 3.2 (list of harmonizeldssification and labeling of hazardous
substances from Annex | of Council Directive 67/&48C) of Regulation (EC) No 1272/2008 is
carcinogen, Carc. Cat. 2, R45 (“May cause cancer”).

Therefore, this classification of cadmium sulphid&egulation (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 assessinen

According to REACH Article 57(f), substances foriahthere is scientific evidence of probable
serious effects to human health or the environmeich 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 sulphide has the ability to cause a latgelrer of toxic effects as is evident from the
harmonized classification. It is thus clear thatrnaim may cause many different serious health
effects in addition to the ability to cause canéealverse effects on multiple organs after repeated
exposure to cadmium, in particular kitiney andbone, motivated the classification as STOT RE
Category 1, and it is in particular effects on lagrand bone that justify the equivalent level of
concern.

A significant part of the European population iday exposed to levels of cadmium (originating
from cadmium metal and cadmium compounds) that caage effects on kidney and bone. In non-
smokers, food is the main intake route and it ésdfore important to reduce all input of cadmium
to foodstuff. The input of cadmium to soil is domiied by deposition from air, which therefore
must be reduced, and in order to achieve thissa$ wf cadmium and cadmium compounds should,
wherever possible, be substituted.

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

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;
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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 @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 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 catgrtb 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 on Cd and CdO (ECB 200#hsa@ontroversy exists as to the
reversibility of renal effects of cadmium both iretgeneral 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
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population are reversible if exposure is substiiptilecreased. Severe tubular damage (urinary
leakage of the proteins RBP or 32M > 1,000-1 566/ 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 ingestiomdfimtum-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 indwal 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 16 000 articles published
during the last 10 years and 9200 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 showrpatsure 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 assessment from EFSA (2009, 2012))
are based on kidney effects. In the risk assessioeworkers by SCOEL (2009), the proposed
limit values are also based on effects on the kidmal, to some extent, bone tissue, representing
the most sensitive targets of cadmium toxicity rafiecupational exposure. The suggested IOEL (in
air) is considered to be protective against longitcal effects (respiratory effects includingdun
cancer). Whether this value is also protectiversgaiancer in other tissues was not assessed.
According to a paper from the Austrian Workers’ Guamnsation Board (Puringer 2011), the
German Committee on Hazardous Substances (AGSebastly endorsed a limit value of 16 ng
Cd/m3 based on the acceptable cancer risk of J00P5i.e. a value 250-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 recent report published by the Seled@hemicals Agency, the Swedish annual
societal economic cost of fractures caused by aaainm food amounts to approximately 4.2

billion SEK (approx. 450 million Euros) (Keml 200)3&his figure is based on the estimation that 7
and 13 %, in males and females respectively, dfattures in Sweden are caused by cadmium
exposure, mainly via food, and include direct tmezt and care costs for bone fractures (approx.
1.5 billion SEK), as well as a valuation of a lovgerality of life and shortened life expectancy for
those who suffer fractures, mostly the elderly.

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, effeatgdtpending 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 andteshimg 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:

- Cadmium sulphide occurs in many different technigadlities/mixtures on the markett
may be difficult to get access to information tentify if the substance still contains
“cadmium sulphide” (according to the substanceatifleations rules in REACH).

- High colouring qualities and rather unique tempgestability make cadmium sulphide
useful apigment (e.g. glass and plastic). Its semiconducting pitgdegether with
chemical/physical properties makes cadmium sulphssdgul forphotoelectronic
applications (e.g. solar cells).

- A majority of the EU consumption of cadmium pigneeate estimated to origin from
imported articles (due to strong restrictions of the article productwithin EU).

- Occupational exposureof cadmium sulphide occurs during several indak&nd
professional use scenarios, such as base metalgiimas, manufacturing of fabricated
electronic products, manufacturing of plastic prddiand paints.

- Cadmium sulphide occurs mainly at low concentratimnlong life articles which are
widely distributed in the society. This makes weste recovery difficult

- Residues of cadmium sulphide, mainly from pigmesgs) end up in the waste streams such
as solid waste and waste water sludfaste management probablyncrease the
bioavailability of cadmium in cadmium sulphide, and causes uncibedroeleases to the
environment (air and soil).

- Thegeneral populationis exposed to cadmium via foadd drinking water, smoking,
ingestion of soil and dust, and inhalation of ambagr. The sources for the contaminations
in agricultural soil are both natural and anthrogrug. Anthropogenicadmium sulphide
transformanto cadmium ions and contributes to the generdihcam exposure of humans.

5 Technical modifications of the crystal forms/corajion of the original cadmium sulphide (“doped$ptid solution”,
“co-precipitation”, “encapsultation”).
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- Shifts in thesolar cellstechnology may increase the need for cadmium gigph
considerably. The waste management of solar celisthren be a potential release source in
the future.

7 MANUFACTURE, IMPORT AND EXPORT

7.1 Manufacturing of cadmium sulphide

Two principle synthesis methods are described fodyction of cadmium sulphide, the “dry”
method and the “wet” method:

- The_dry method originally involved heating metattedmium, cadmium oxide or cadmium
carbonate with sulphur in the absence of air abgterature around 300-500 °C. The basic
operating parameters for this process — time, teatype2, purity, proportion of reactants and
oxygen availability — will affect the results, dwt the product is quite variable. A wet-
grinding stage followed this, which modified thetgde morphology and, hence, the final
quality (e.g. colour).

- In the_wet method, cadmium sulphide is formed fmiuble cadmium salts and a soluble
sulphide. The cadmium compound is normally the ratdg nitrate, sulphate or iodide. The
soluble sulphur comes from hydrogen sulphide, bau sodium sulphide, or a
thiosulphate. As with the dry process, reactiondtiions are crucial for the quality (e.g. the
colour and permanence of the resulting pigmentg @ conditions also affect the results,
with slightly acidic solutions sometimes being uggdstaugh et.al. 2008).

The production fopigment uses is structured around a generic process webitsists of
dissolution of cadmium metal or cadmium oxide irdasulphide precipitation at about 90°C to
form cubic cadmium sulphide, filtration and washidgying, calcination at about 600°C, acid
washing for removal of soluble cadmium, filtratiand washing, drying, blending and grinding.
The process is complicated and cost intensive cespeduring the calcination (roasting) stage.
The calcination converts the crystal form to thedgonal form. Without proper control, the
transformation of cubic cadmium sulphide to hexaj@admium sulphide would not be complete
and some of the cadmium sulphide could be oxid{zedsiez 1989). The last step is milling to a
powder. Whercadmium sulphide selenidase required CdSe is added to cadmium sulphide and
the cadmium during the calcination step (Smith 2002

It is mentioned in the literature that cadmium desis in metal scrap can be recovered by treating it
with an ammonium carbonate solution and a sulpt@@elmium will then be transformed to
cadmium sulphideandthat can berecipitated (Kronberg 1995). However, it is unkmowhether

this technique is in use.
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7.2 Quantities manufactured, imported and exported

7.2.1General

The annual world production of cadmium during 189@012 increased from 18 000 to 23 000
tonnes (Kirk-Othmer 2004, USGS 2013). Cadmium consion remained flat in 2012 when
compared with that of 2011 creating a surplus dfai@n the market (USGS 2013). Most of the
world’s primary cadmium metal was produced in Aamal the Pacific - specifically China, Japan,
and the Republic of Korea, followed by North Ameri€entral Europe and Eurasia, and Western
Europe. The production of recycled cadmiwsadondary cadmiuptakes place mainly at Ni-Cd
battery recycling facilities (USGS 2012). The syppi cadmium and its compounds is not solely
driven by their demand as they are derived as bykmts of the mining and refining of zinc and
lead.

European countriéontributed to 8.6 % of world production of cadmiin 2011 (Figure 1;Table
5). The Netherlands was the largest European pesdigcounting for 31 % of the EU production,
followed by Poland (29 %), Bulgaria (24 %) and Nayw17 %) (BGS 2013). The European
production level shows an increase during 200@tdl2 This production level is within the “total
tonnage band” registered to ECHA (see above).

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

Japan is the largest producer of raw material ieCtbatteries in the world (Kirl-Othmer 2004).

Table 5: The European primary production of cadmiumin tonnes (EU35) 2006 to 2011 (BGS
2013)

Country 2006 | 2007 | 2008 | 2009 | 2010 | 2011
The Netherlands 524 495 530 490 560 560
Poland 373 421 603 534 451 526
Bulgaria 320 318 376 413 389 430
Norway 125 269 178 249 300 309
France 90 50 - - - -
Total 1432 1553 1687 1686 1700 1825

6 35 European countries: 27 EU countries (1 Feb®8R3 the EU associates Norway and Switzerland, taedEU
candidates Croatia, Iceland, Macedonia, Montene®gdhia and Turkey.
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Figure 1: Production of cadmium in Europe 2011 (BG2013)

The cadmium metal trade in EU 2011 was dominateBddgium and Italy (high export) (see Table

6).

Table 6: European import and export of cadmium (in¢. CdO) in tonnes (based on statistics
from 2007 to 2011 (BGS 2013)

EU country EXPORT IMPORT

2007 2008 | 2009 | 2010 | 2011 | 2007 | 2008 | 2009 | 2010 | 2011
ltaly 796|  1633] 2034 3104 1742 40 49| 443 3 44
France 815 8o0| 1024 763  s54b 1546| 16200 985 228  10p
Norway 544 816| 308  60¢ 6lf 0 0 0 0 0
Germany 287| 276] 529 348 492| 497 468 583  46p
Poland 368 558 500 484 57p 0 0 0 0 0
Bulgaria 434 374 569 474 421 0 0 0 0 0
Belgium 5573|  4536] 3982 4050 3814 5040| 55200 3464 6494 6047
Netherlands 544 816| 308  60¢ 61f 437| 186 500 104 1
Sweden 282 308 267 31 376 513 924| 628 919 127B
United 76 54 25| 2545 144} 659| 550, 404 740  78B
Kingdom
Czech Republic 0 0 0 0 ol 206| 405 329 406 42k
Spain 0 0 0 0 0 0 21| 118 153 3¢
Greece 0 0 0 0 0 1 18 39 1 0
Total 9432 103620 9371 13479 10484 9024 9790 6919 9629 6 D17

The total international cadmiuoconsumptionis dominated by the production of Ni-Cd batteries
(USGS 2012). Other relevant uses are as pigmedtardnrcorrosion coatings of metals. The
cadmium use is concentrated to industrialized ammivith 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 usadeveloped countries has declined in recent
years owing to its toxicity (Klimasauskas 2005).

The final effect of REACH and others legislatiomsgiobal cadmium consumption has yet to be
seen. If recent legislation involving cadmium draéicely reduces long-term demand, a situation
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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).

7.2.2 As cadmium sulphide (CdS) — world wide

About 2000 tons of cadmium sulphide is producediafiy in the world (Schulte-Schrepping et.al.
2007). A worldwide search the Internet for cadmguiphide revealed 73-84 suppliers (Chemical
Book 2013, ChemExpr 2013). China dominates witlsd®@liers. According to ICdA, there are
two manufacturers afadmium pigmentsin the EU and they have pre-registered three grhpints
in the tonnage band 100-1000 t/y.

Although cadmium sulphide does occur naturally ammercially viable deposit of cadmium
sulphide exists.

7.3 Functions of the substance according to its propeds; mechanisms of action

Cadmium sulphide can be used as pigmé2asimium pigments are characterized by their
particular brilliant shades, high hiding power, dantensities of colour, good temperature stability
(up to 1400 °C) and absolute migration resistambeir rather unique temperature stability
(compared to organic pigments) made them usefuddtwuring glass (see 8.3.2.2) and plastic
articles and synthetic fibers (see 8.3.2.1).

The photoelectric property of cadmium sulphide nsakeseful in different electric devises. One
potential use under development is in a new typsotar cell technology (so-callédin-film solar
photovoltaic material (PV)). Because it uses vétlelor no silicon at allthin-film solar technology
reduce the cost of solar modules. Furthermore,usecthin-film solar PV materials can be applied
to surfaces made of glass, plastic and flexibleahfetls, this emerging technology can open up
new range of applications that otherwise wouldb®possible using traditional solar cells (see
8.3.1).

8 USES

8.1 General

The sources for cadmium are both mining and redygteducts. Cadmium is transformed into
plates, powder and different alloys. Cadmium powsleised as a raw material for production of
battery electrodes, metal coatings, alloys andrathémium substances, such as cadmium sulphide
(see Figures).

7 Note that some suppliers supply substances wikéredit purity grades; received multiple hits.
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Once cadmium metal is produced, it may be convededh intermediate product in one country,
incorporated into different semi-products/artiaglesinother country, and finally produced and sold
in an end-product/article in a third country. Itherefore difficult to establish a geographic
consumption pattern.

Ni-Cd batteries (Cd, CdO) are the dominating eratipcts in the world consumption of cadmium,
followed by the minor usegigments (CdS) >metal coatings (Cd) stabilizers (CdS) >alloys
andsolar cells(CdS) (Figure 2). The percentage of cadmium consumeladjipfor Ni-Cd battery
production has been increasing, while the percestéy the other traditional end uses of cadmium
- specifically coatings, pigments, and stabilizetsave gradually decreased owing to environmental
and health concerns (USGS 2013).

While the main use for cadmium sulphideas pigment, it is reasonable to expect thasthar cell
market will begin to consume more cadmium sulpldee future, as the technology becomes
more widely accepted and more affordable (AZom.@&h3).

. I eatteries -Pigments " ICoatings Stabilizers B 2lioys and Solar cells

S —
S o |

. i i s -

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).

The annual world consumption of cadmium sulphidpigsientsis approximately 2500 tonrfes
Cadmium pigments are primarily used in polymeragpt, rubber, coating, printing ink) and
ceramic glazes (Lussiez et.al. 1989) and in qualitigles with a long lifetime (Klif 2013). A
guantitative distribution between the different lgagions is shown in Table 7.

8 This is more than the total world production ob@aonnes reported by Schulte-Schrepping et.al7 Z8€ction 7.2.2).
The deviation may depends on data from differeatye
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Table 7: Applications of cadmium pigments (Smith 2002)

Polymers 90% All grade of polymers and compoundstenhatch
Ceramics 6% Glasses, enamels, porcelain, tileacima glazes
Paint 3% Oil colours, water colours, acrylics

Surface coatings 1% Coil coatings, automotive pdiigh temperature paint
8.2 Industrial & professional uses of cadmium sulphide

The industrial and professional uses of cadmiurmplsdé can be divided into the following groups
(ICdA 2013):

» For production of inorganic cadmium compounds

» Laboratory reagent

* Cadmium production by pyrometallurgy

» For production of organic cadmium compounds

» For production of inorganic pigments

« Additive for production of frits

» Additive for production of glass

» Additive in the manufacturing of electronic compotse
* Use of cadmium sulphide-containing catalysts

» Component for production of PV (photovoltaic) maehil
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I CAS 1306-23-6

CADMIUM
SULPHIDE

27,6

SULFUR CONTAINING CADMIUM SALTS

7,8,9 7,9,11 5,10
""""""""""""""""""""""""""""" Pigments Semiconductors Others
........................... (Photo electronics)
tric Ceramicglaze | -Solarcells - Laboratory reagent
\\\\\\\\\\\\\\\\\\\ - Ceramic - Photo-receptors - Catalysts
- Plastic - Colour TV tubes
Joining metal, | - Engineandgearbox (= 1) | reduction - Glass - UV detectors
....... - Ink - Xerography
Lrazing Artist paint
Other paint 16-19

Figure 3: Overview of the cadmium downstream use§.he numbers refer to “exposure scenarios” in
the registration (see section 9.1 below)

The concentrations of cadmium sulphide as pigmedtséabilizer in end products are in the range
0.01 to 1%. In semiconductors the concentratioradfmium sulphides lower, about 0.0002%
(solar cells); see Table 8.

Table 8: Cadmium end product concentrations in diferent cadmium uses

Product % Cd Cadmium substance Reference
Ni-Cd batteries 7-25% Cd, CdO, Cd(GQH) US 2003, ICdA 2012
Cd alloyset.al. 1-25% Cu-Cd, Ag-CdO US 2003, ICdA 2012
Cd pigments ~0.01-1% Cds Klif 2013

~1% Cd(zn)S(Se) US 2003, ICdA 2012
Cd coatings ~0.2% Cd, CdO, Cd-Ti, Cd-Sn US 2003, ICdA 2012
Cd stabilizers ~0.1% Cds Klif 2013

~1% Cd-laurate, Cd-stearate US 2003, ICdA 2012
Semiconductors 0.0002% Cds Bavarian EPA 2011
(Solar cell) 0.004% Cd-Te
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8.3 End uses of cadmium sulphide (excluding the interntBate applications)

Cadmium sulphide occurs on the market in sevechinieal qualities. Some of the qualities are so
modified that they should be considered to be diffesubstances (according to REACH). Others
are instead to be considered as mixtures. Thig#s especially in the end-uses as pigments (see
8.3.2), but also the other end-uses can be expeaxiadolve different technical qualities with
unclear substance identities. The quality infororafrom the suppliers are not always detailed
enough to consider if the end-use form still cantaadmium sulphide or not.

8.3.1Use of cadmium sulphide in semiconductors

Cadmium sulphide is a known semi-conductor matesiadilable conventionally in crystalline

form. Cadmium sulphide crystals can be used faouarsemi-conductor applications such as
photovoltaic (PV) cells, photoconductors, phosplaomg fluorescent screens, photomultipliers,
radiation detectors, thin-film transistors, dio@esl rectifiers, electron-beam pumped lasers, and
smoke detectors, in scintillation counters, semilcaors, photoconductors. Cadmium sulphide for
semiconductors are normally grown by crystallinevgh by withdrawing a seed crystal from a
molten pool of elemental cadmium sulphide, headddajtiid form. Cadmium sulphide can be
fabricated into wafers or other materials (Kirk-@igr 1978, Spanhel et al. 1992).

Solar cellsare PV devices that convert sunlight directly iatectrical power. The most common
solar cell material is expensive silicon. One wayeducing the cost of solar cells is to develop
low-cost_thin film techniques that can deposit sakll-quality absorber materials on large area
substrates, and to fabricate these devices usgigthroughput, low-cost methods. A typical thin
film PV cell has a very thin (less than 0.1 micrpo)ycrystalline layer called the "window" layer.
The window layer's role is to form a heterojunctiorcombination with an “absorber” layer (e.g.
CdTe). The window layer desirably is thin enougt has a wide enough bandgap to let most
available light through to the absorber layer. E&&S (Copper/Indium/Gallium/Selenide) and
CdTe type solar cells, the most common materialifferwindow layer is cadmium sulphide
(Korevaar et al. 2012). Nano particles of cadmiwlplside are needed in the production of the
window layer in thin film PV (Saraswathi and Man@iha 201D The research i@dS/CdTe dates
back to the 1950s. Early leadersddS/CdTe cell efficiencies were GE in the 1960s, draht
Kodak, Monosolar, Matsushita, and AMETEK (Wikiped2z® May 2013). The concentration of
cadmium in &CdS/CdTe solar cell is about 14 ¢fifrange 7-63). However, only 0.3 to 4% of this
origins from cadmium sulphide. The total concemndrabf cadmium sulphide of a solar cell
material is about 0.0002% (Bavarian EPA 2011).

Cadmium sulphide single crystal can be usedd¥ and IR detectorin combination with indium
antimony (InSb) (Stanley 1988).

Cadmium can be used jphotoresistorsfor analogue optocouplers applied in professianalio
equipment (Shindengen 2013).

It is unclear if the cadmium sulphide used for sEmductors are doped. In such cases the end-use
of cadmium sulphide will be as an intermediategiaduction of the doped cadmium sulphide.
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8.3.2Use of cadmium sulphide for pigments

Cadmium sulphide pigments occur in terystalline forms: a hexagonal form, wurtzite lattices
(alpha-CdS), and a cubic form (beta-CdS) (Zorll20@n amorphous form may also be
synthesized. This phase reportedly coexists witlerotrystalline forms at room temperature
(Eastaugh 2008). The more stable hexagonal cadsulphide is the only one used for high-
temperature pigment applications (i.e. for therraept, glass, enamel and ceramic) (Lussiez et.al.
1989).

Cadmium occurs in a number of pigments. They dreasled on cadmium sulphideéadmium
pigments are characterized by their particulatiént shades, high hiding power, good intensities
of colour, good temperature stability (up to 600&@Y “absolute” migration resistance (Zorll
2001). Cadmium sulphids used as such as a golden yellow pigment, andritbination with

other substances to create basic colours in tHe gethow-orange-red (Pritchard 1998)(see
“Additives” below). Other colours that are basedyefiow and red, such as green, brown, beige
etc. may also contain cadmium sulphide (Klif 2018%0 mercury is used to moderate the nuance
of the colour (Lussiez et.al. 1989). The mixturéhwnercury (cadmium mercury sulphide, CAS
1345-09-1) is said to have been developed as & tdshortage in selenium in the late 1940s. It is
virtually identical in behavior and appearanceht® ¢admium selenide sulphides, but of lower cost
(Easthaugh 2008). The pigment hue varies depemdihgn the arrangement of the atoms in the
lattice structure, but on secondary factors regptothe structure of the colloidal aggregategdbr
determined by the valence of the coagulating anfgastaugh 2008).

Additives can be incorporated into cadmium pigments in cbffiéways. The most common
techniques are a®lid solution(intermediate usg andco-precipitation Compounding may also
occur. The different techniques will influence thigsial mobility of the cadmium sulphide
molecule. In ao-precipitationgpigment there are no substitutions into the cadmsulphide

crystal lattice (Eastaugh 2008). In short, in ceggitation the different substances will be foumd
different crystals, as opposed to solid solutiovisere the different substances will be found in the
same colloidal aggregates.cA-precipitationshould be considered as a mixture containing CdS.

BaSQ is used asller in some of the commercial cadmium sulphide pigmeatieties (normally
5-62%). These types of pigments are called “lithgigigments. Zink sulphide can also be used
together with barium. The lithopones were develoghael to the high cost of pure cadmium
sulphide (Eastaugh 2008, Perez 2003). Even in pitgreold as pure may contain Ba$Perez
et.al 2003). The lithopones are here consideredcasimium sulphide mixture.

In an attempt to extend tlfiee resistance,the cadmium pigmerge.g. cadmium yellow=cadmium
sulphide) was incorporated in an envelope of iagd transparent crystal materials. Such pigments
are callednclusion pigmentsr encapsulated pigmentShey consist essentially of transparent

9 A solid solutionis a solid-state solution of one or more solutea solvent. Such a mixture is considered a salutio
rather than a compound when the crystal structéitheo solvent remains unchanged by addition ofdbleites, and
when the mixture remains in a single homogeneoasalHr his often happens when the two elements (@énmetals)
involved are close together on the periodic tabtversely, a chemical compound is generally altresiuthe non-
proximity of the two metals involved on the periodable. Asolid solutionwith cadmium sulphide and another
substance results in a new substance. Partialceplent of C8 by Zrf* ions in the lattice, produces progressively
greener shades of yellow, while replacing sulphusélenium (“sulphide/selenide pigments”) giveg ris the orange,
red and maroon sulphoselenides However, the exehah@ns in the lattice is considered as an inesliate use of
cadmium sulphide (according to REACH).
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crystals of e.g. zirconium silicate, zirconium axiolr tin oxide into which coloured compounds are
included or encapsulated as a discrete phase.rodegiion of these inclusion pigments takes place
by means of heating the casing substances orgregursors and the coloured substances to be
included or their precursor compounds in the presef one or more mineralizers to temperatures
up to 1400 °C. The technique was patented 1984YAliB87; Kirk-Othmer 2004, Speer et al.

1991). The inclusion is here considered as a nextfisubstances.

The information of the crystal formation and adds is not always available for the cadmium
sulphide based pigments sold on the market (sée 14h. It is therefore difficult to consider ifei
still contains cadmium sulphide, or if cadmium s$udfe has been totally transformed into another
substance.

8.3.2.1 Use of cadmium sulphide as pigments in polymers

Cadmium_pigments may be used in all typesadbured plastics(Klif 2013). The rather unique
temperature stability made them difficult to belagpd by organic pigments. Their principle use
tends to be restricted to engineering polymersirgmuhigh processing temperatures such as
polyamides, Actals and PTFE (Pritchard 1998). bnee, cadmium pigment is still in use in 2012
in the processing of poly Acrylonitrile Butadieng/®ne (ABS), Polymethylmethacrylate
(PMMA), Polyoxymethylene (Acetal) (POM), polycarlada and polyamide (ECHA 2012).

The concentration as pigment in polymers variewéeh 0.01 and 1%; the low figure for e.g. light
beige and the high figure for e.g. clear warm yel{&lif 2013).

Synthetictextile fibers can be coloured with cadmium sulphide dufsmn dying” (or mass or
dope dying) when the colorant is incorporated th®polymeric mass, prior to spinning. The
melting temperature of the mass, 280 to 290 °@dsigh for many organic pigments. Cadmium
sulphidé®is among the few pigments which do not degradendgpinning (Kirk-Othmer 1978).

In the middle of the 1980’s, ABS and HDPE applicas were reported to account for almost 70%
of the use of cadmium pigments for plastics in per(ECHA 2012).

8.3.2.2 Pigment uses in glass, enamel & ceramic

Cadmium sulphide is used as a colloidal yellow-geared colour in glass. The development of
colloidal colours depends on controlled nucleatod growth of absorbing particles in glass.
Coloured filter glasses can be made by precipgatadmium sulphide crystals. Cadmium sulphide
is dissolved in the glass in conjunction with augdg agent such as tin oxide or antimony oxide.
By keeping the glass at a temperature optimal dcieation the size of the crystals, and therefore
the colour, can be decided (Kirk-Othmer 1978).

10 As well as cadmium sulfoselenide and cadmium sedefiirk-Othmer 1978).
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Cadmium sulphidé can be mixed into glazes, which when burned oarogr articles or glass yield
yellow colour. Since the ordinary cadmium sulphiigments oxidize at temperatures above about
450°C, and decompose at temperatures above 8308Q\dacessary to use low melting glaze
mixtures and frits as ingredients of the mixtureaier et.al. 1977). However, during the 80’s, new
technique has improved the thermostability of thénsium pigments. For that the cadmium
pigmentd42 are encapsulated (see 8.3.2). The encapsulatibnitgie is applicable to the whole
range of cadmium pigments (incl. cadmium sulphidég high temperature (up to 1400°C) and
colouring stability allow these pigments to be edasd for both underglaze and inglaze
applications (Airey 1984, Airey 1987).

Cadmium pigments can be used in filter glassegytas$es used for reflectance standards
(Shindengen 2013).

It is unclear if the cadmium pigments used for aolag glass occur in solid solutionform. In
such cases the end-use of cadmium sulphide wakhkan intermediate for production of gwid
solutionsubstance.

8.3.30Other uses

8.3.3.1 Use of cadmium sulphide as stabilizer

Cadmium stabilizers are/were used mainly for outghamposes, such as plastic doors, windows
and crystal clear roof windows (Klif 2013). The centration of cadmium sulphide in such plastic
materials (mainly in PVC) as stabilizer is about%.(Klif 2013). cadmium sulphide improves the
stability of polymers (PVC and similar materialglaast heat, oxidation and UV-radiation (Kirk-
Othmer 1978). cadmium sulphide can also be usea astioxidant during processing of high-
density polyethylene (HDPE) (HSDB 2012). HDPE ismooonly used in the production of plastic
bottles, corrosion-resistant piping, geomembraaed,plastic lumber. HDPE is commonly
recycled, and has the number "2" as its recyclymy®l. In 2007, the global HDPE market reached
a volume of more than 30 million tons (Wikipedia).

ICdA stated that, to the best of their knowledbere is no use within EU of cadmium compounds
as stabilizers in plastics other than PVC (ECHA201

8.3.3.2 Used in cathode ray tubes

Cadmium sulphide has been used in cathode ray (@H&Es) in older desk top computers and TV
sets as a “phosphor” on the interior surface ofsttreen to produce light (Menad 1999).

11 As well as cadmium sulfoselenide that yield retbors (Wagner et.al. 1977).

12 The only bright red colour for ceramic availatsethiat provided by the cadmium sulphoselenide pigsaélhe red
cadmium pigment is therefore potentially the magtiiesting colour for ceramics.
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8.3.3.3 Used in LED illumination systems

Cadmium can be used in colour converting II-VI LE@sthe light-emitting area) for use in solid
state illumination or display systems (Shindengeh3.

8.3.3.4 Use of Cd in printing ink

Industrial ink jet printing is a conventional caluy process for various materials (paper, glass,
metal etc.). Cadmium pigments, such as CadmiunoXeglE CdS), are now seldom used in inks,
except in applications needing very high resistaroperties (to light, heat, solvents, and alkali).

Cadmium pigments can be used for printing on ensuaradl glass, such as borosilicate and soda
lime glasses (Shindengen 2013). Cadmium Yellow@dS)Xds not recommended for outdoor poster
inks where they may decompose or darken undercagidiospheric conditions (Leach and Pierce
2007).

8.4 Identified uses in the EU(ECHA, 2013)
The registration of cadmium sulphide includes tfving uses:

- Raw material for production of cadmium by pyromieiajy

« Manufacturing of organic cadmium compounds

« Manufacturing of inorganic cadmium compounds

« Manufacturing & use of inorganic pigments

- Manufacturing & use as laboratory reagent

- Manufacturing & use for production of PV modules

« Manufacturing & use of cadmium sulphide-containiadgalysts
« Formulation (additive) & use in frits

8.5 Use volumes in EU

According to the REACH registration, cadmium sugfghis produced or imported by a moderate
number of companies from Germany, Czech Repulbity, IBelgium and UK. The total quantity of
the annual tonnage band registered is 10 to 108&(b May 2013). A search on the Internet for
cadmium sulphide revealed 2-17 suppliers in Eurbfighemical Book 2013, ChemExpr 2013).

Cadmiumpigments andstabilizers were in widespread use before 1980. The use wasghy
limited by the cadmium ban introduced in Swedeh982, in Denmark in 1983 and in the EU in
1991. In 1998pigments accounted for 13% of cadmium consumption in theggral consuming
countries (Scoullos et.al. 2001).

13 Note that some suppliers supply substances wiéreint purity grades; received multiple hits.
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Around 4 tonnes ofadmium pigmentsare used as raw material by the chemical indgsimié& U4
(ECHA 2012). According to the EU RAR, the consuraptof cadmium pigments, including
imported articles, in EU-16 was estimated to 49thé&s in 2003 (corresponding to 299 tonnes Cd
per annum, ECHA 2012). In year 2000, the usagadmium in pigments in EU was about 830
tpa. Of these, about 90% where used in plastidb, evily 4% in artist’s colours and about 6% in
colours for ceramics/glass. The primary use of aadnsulphide is in the manufacture of brilliant
red, orange and yellow pigments that are used@mge of applications, particularly engineering
plastics. Although there are restrictions on the afscadmium pigments in some plastics, many
plastics are still exempted (RPA 2000).

The manufacture of polymers (such as PVC) requitasilizers to prevent decomposition during
both processing and use. The main use of cadmiuaPa&C stabilizer is in window frames. As
some countries (Sweden, Denmark, Austria, The Meihds) have already banned this use of
cadmium, and the industry has a voluntary agreetogphase out the use of new cadmium
stabilizers, the overall use of cadmium in stabitizhas dropped from an EU level in

1997 of 270 tonnes per annum (tpa) to 30 tpa IDZBFA 2000).

The share o€dS/CdTe basedolar cellswithin the newthin-layertechnology was approx. 60 % in
2009 (Bavarian EPA 2011).

A quantification of the cadmium flow in E&has been made by Lig & Held (2009).

8.6 Recycling

8.6.1Polymer uses

The plastic industry has undertaken research &rmaéte the feasibility of recycling cadmium
pigments and stabilizers from plastics (Kirk-Othr2aépn4).

8.6.2PV Solar cells

The PV industry is considerinmgcycling of these modules at the end of their useful Beecause

the metals involved are relatively rare in commeetrts have been undertaken to create
recycling opportunities for damaged or decommissibinigh performance solar panels; however,
given the relative newness of this aspect of thes&dr energy industry, it is not possible to affir
with certainty that such recycling opportunitiesulbmaterialize or be available at the time current

14 According to Eurocolour are in total about 4.1 tesof the pigments cadmium zinc sulphide yellow ZB2:466-
8/CAS8048-07-5), cadmium sulphoselenide red (EG2B:-1/CAS 58339-34-7) and cadmium sulphoselenidege
(EC235-758-3/CAS12656-57-4) used in plastics inglastic industries within EU (ECHA 2012c).

15 The 27 EU member states.
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facilities are decommissioned. Absent legitimatgycéing opportunities, damaged or
decommissioned solar panels containing toxic metaldd need to be characterized and might
need to be managed as hazardous waste (Fthenaki2@04).

PVs have no longer an exemption from the WEEE Hetyobligations. PVs are now included
under category four (Consumer Equipment and Phéitoed?anels) and category five (small
equipment with integrated PV panels). Article 5Sta directive specifies PVs in ensuring the
correct treatment of all collected WEEE becaustheivariety of precious and rare materials such
as gallium, indium and selenium used. In addittbe,possible hazardous waste potential from
substances such as cadmium in the thin cadmiuoritid! film on certain types of PV increases the
need for safe and efficient hazardous waste disp&sainimum annual collection rate of 45% will
be achieved from 2016 (WEEE 2012).

The PV industry will not face the large scale réicyggproblem before the year 2020, today’s
material selection and module design may very sadlla precedent for the future. The collection of
spent modules is a challenge. Recycling solar gasehore complicated than that of the above
products, because of the decades-long intervaldetwnstalling and discarding modules, their low
content of valuable materials, and their geogragdspersion. A typical photovoltaic module
manufacturing facility generates a significant amtoaf scrap at the start of its operation but, with
a few months to a year, reaches a steady-statedbpsduction generating relatively little waste.
In discussing PV recycling, it should be distindguietween near-term and future needs and
capabilities. This is because of the long lapseéen the start of manufacturing and
decommissioning, and the corresponding differentesale and technology. Metals from used
solar panels in large centralized applicationslmaneclaimed in metal-smelting or refining

facilities which use the glass as a fluxing agent ecover most of the metals by incorporating
them into their product streams. In dispersed dmers, small quantities and high transportation
costs make this option relatively expensive. Sdpayahe PV materials from the glass reduces the
amount of waste generated by three orders of magmiEffective and economical methods of such
separation have been developed that can be usedhrsmall-scale (in-house) and large-scale
recycling (Fthenakis and Moskowitz 2008).

9 EXPOSURE

Human exposure to cadmium from cadmium sulphidepca@ntially occur during the whole life-
cycle of the substance. Industrial and professiamakers will be exposed during several scenarios
where cadmium sulphide is produced, used, recyadeidmanaged as waste.

Exposure of man via the environment occurs aswdtresemissions from industrial and
professional processes, and diffuse releases fromat@ use of goods. Exposure from natural
sources of cadmium needs also to be consideredstaovd large variation due the local/regional
ground conditions. The most important sources dfritam 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 haeehiiyghest potential exposure.

In nonsmokers, not occupationally exposed to cadmfaod is the primary exposure source.
Cadmium in food mainly originates from uptake fridme agricultural soil. The soil is contaminated
via the atmosphere from industrial releases andcostion of fossil fuel. Also end use of cadmium
containing products, eg. mineral fertilizers, veitintribute to the soil contamination.
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From a regulatory point of view the origin of thiéerent cadmium exposures can be divided into
three categories:

1. AnthropogenicDeliberate use of cadmiumand its compounds as such or in mixtures or
articles, for example in NiCd batteries and ascamntosion agent for metals. Exposure of
workers and also the general population via therenment.

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 thei@nment.

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 densd relevant by ICdA (ICdA 2013). The
exposure scenario numbers are shown in Figure 3.

1. cadmium sulphide production — Indirect and Wetulstdal use of bulk or fine chemicals
[SU 8, 9] in order teynthesizecadmium sulphide [PC 20]. The batch or continuous
processes are carried out in closed or potentitdlsed containers, with occasional
controlled exposure at elevated temperature. Sassaand mixtures are transferred into
smaller containers. Solid substances are handlachlbient temperature [PROC 2, 3, 8b, 9,
22, 26]. Environmental point source exposure ocfitiRC 1]. Exposure may occur during
subsequent service life.

2. Production of inorganic cadmium compounds: Handdhgadmium sulphide in bulk for
production of inorganic fine chemicals, includirigrmulation, in production of
intermediates, laboratory chemicals and processgegts [SU 8, 9, 10][PC 19, 20, 21]. The
batch or continuous processes are carried oubsed| or potentially closed containers, with
occasional controlled exposure at elevated temperaSubstances and mixtures are
transferred into other containers [PROC 2, 3, 845921, 22]. Environmental point source
exposure occurs during substance production amaufation [ERC 1, 2, 6a]. Exposure may
occur during subsequent service life.

3. Use for production of cadmium by pyrometallurgyduistrialprocessing(synthesis) of
cadmium sulphide in closed, continuous process agtiasional controlled exposure at
ambient and elevated temperature. Substancesaasferred into dedicated facilities at
elevated and ambient temperature [SU 14, 0: Na24:45 non-ferrous metal prod.; E38.3
Materials recovery] [PC 7] [PROC 2, 8b, 9, 23, Z&jvironmental point source exposure
occurs during the substance production [ERC 1].

4. Component for production of organic cadmium commsurtndustrial handling of cadmium
sulphide in bulk foproduction of organic fine chemicals, includirigrmulation, in
production of intermediates, laboratory chemicaiscessing agents, lubricants,
pharmaceuticals, cosmetics and personal care poffid 8, 9, 10], [PC 19, 20, 21, 24, 29,
39]. The batch or continuous processes are cavteah closed or potentially closed
containers, with various degree of exposure [PROZ; 3, 4, 8b, 9, 15]. Environmental
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point source exposure occurs during substance ptioduand formulation [ERC 1, 2, 6a].
Exposure may occur during subsequent service life.

5. Use of laboratory reagent: Industrial and professibandling of cadmium sulphide
containing products in opened or closed systenshhlm continuous, with various degree
of exposure [PROC 1, 2, 3, 4, 5, 8b, 9, 15]. Thetatory reagents are used in markets
sectors working with intermediates, laboratory cluats, perfumes, fragrances, cosmetics
and personal care products [SU 10, 24]. Environalexposure occurs during formulation
and the use as a processing agent. The proceggnguses occur wide dispersive in indoor
& outdoor opened systems [ERC 1, 2, 4, 6a, 6b3&pg,Exposure may occur during
subsequent service life.

6. Component for production of inorganic pigments:usitial continuous or batgirocessing
in small and large scale of cadmium sulphide atagbxl temperatures, with various degree
of occupational exposuréransfer of substances or mixtures from/to vessels at deztica
facilities [SU 8, 9, 10, 13] [PROC 1, 2, 3,4, 5, 8, 22] [PC 9a, 9b, 9c]. Human and
environmental exposure may occur during subsecesnice life from articles containing
pigments [ERC 1, 2, 5].

7. Additive for production of frits: Industrial contilmus or batch opened and closed
processingin small and large scale of cadmium sulphide atiant and elevated
temperatures. Industrial continuous or bdtwimulation in small and large scale at ambient
and elevated temperatures, including dipping ametjsation.Transfer of substances or
mixtures from/to vessels. Various degree of ocdopat exposure [PC 19, 0, UCN R30100-
R30300 raw material for intermediate products/raatemal for production of glass and
ceramics] [SU 10, 13][PROC 2, 3, 4, 5, 8b, 9, 8,155, 17, 22, 26]. Human and
environmental exposure may occur during subsecenice life of electrical batteries,
accumulators and photosensitive transistors asasajlass and ceramics. [ERC 1, 2, 3,
5][AC 3, 4, 0: Taric 854121.: transistors - othearitphotosensitive transistors].

8. Additive for production of glass: Industrial closeantinuous batcprocessingof cadmium
sulphide at elevated temperaturésrmulation and repacking of mixtures. Various degree
of occupational exposuréransfer of substances or mixtures from/to vessels at daelic
facilities [PC 19, 20] [SU 10, 13, 0: Nace 23.1 M&atture of glass and glass products]
[PROC 2, 3, 4, 5, 8b, 9, 22]. Environmental expedurm industrial point sources during
intermediate use, formulations and article produdi[ERC 2, 3, 5, 6a]. Exposure may
occur during subsequent service life of glasslagifAC 4].

9. Additive in the manufacturing of electronic compotge Industrial closed mixing and
blending in batch processes formulation . Potentially closed processing operations at
elevated temperature. High mechanical energy wprkfumaterial containing cadmium
sulphide.Transfer of substances or mixtures from/to vessels [PC 0] 10, 13, 16, O:
Nace 26.1.1 manufacture of electronic compone®B[JC 3, 5, 8b, 9, 14, 22, 24].
Environmental exposure from industrial point sosrdaring formulations and material
processing [ERC 2, 5]. Exposure may occur duririggeguent service life of electronic
components made by glass and ceramics [AC 2, 4].

10.Use of cadmium sulphide containing catalysts: Itriiscontinuous or batch opened and
closed chemical and physigaiocessingin small and large scale of cadmium sulphide.
Transfer of substances or mixtures from/to vessels [PM219, 20, 40] [SU 8, 9, 10]
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[PROC 1, 2, 3, 5, 8b, 9, 14]. Environmental expedusm industrial point sources during
processing, formulation and use as a catalyst [ERL 5, 6a, 6b]. Exposure may occur
during subsequent service life.

11.Component for production of photovoltaic module¥)XRndustrial continuous or batch
closedprocessingwith no or controlled occupational exposure [SU®, 23, 24] [PROC 1,
2, 3] [PC 33]. Environmental exposure from indwtpoint sources during processing of
semiconductors [ERC 1, 2, 5][AC 3]. Exposure mapaiccur at the waste management
stage.

9.2 Releases and exposure during private uses

Release of cadmium during service life from antlggmic sources includes products and materials
to which cadmium sulphide has deliberately beereddd impart a specific chemical, mechanical

or physical property and products or materials imclv cadmium sulphide is present as a residual or
impurity element. The releases during private gs@mited to the consumption of end use articles

containing cadmium sulphide, preferable made byerrads with long service life.

9.2.1Potential for release from uses of cadmium pigmentsnd stabilizers (Klif 2013)

Cadmium pigments and stabilizers were in widespusadoefore 1980. The use was strongly
limited by the cadmium ban introduced in Swedeh982, in Denmark in 1983 and in the EU in
1991. The ban was improved with EU regulation 40412 Many products containing cadmium
will still be in use in society e.qg.:

* Lego building bricks - cadmium was used up to ad®80, but these bricks are saved from
generation to generation and the real serviceséfans so far to be "almost" unlimited.

» Safety signs/materials - due to very high light argther resistance cadmium is typically used
for such materials. The use was allowed in EU @i,

* Buttons and housing/casings made of technicaliptastich as PA or ABS. The use was
allowed in EU until 2011.

* The use of cadmium in PVC door and windows continiweabout 1990/1991. The service life
of such products may reach 40 years or more. Funibre, recycling of such product may
significantly increase the in service life of cadmi stabilizers. Discussion in EU on this issue
is on-going.

Many pigments especially those used in the ceramicplastics industries are of limited colour and

chemical stability. Such pigments may becamstable at elevated temperatures or in the presence
of acids, resulting in a colour change and/or tease of toxic metals from the pigment. Cadmium

sulphoselenide solid solutions are particularlytable, which is unfortunate in that they provide an

excellent range of colours from yellow through redpurple. These pigments are sensitive to

temperature and atmosphere and react with leadioomg fluxes and other non-cadmium pigments

giving black contamination. Despite their limitat®othese are the only known compounds to give
bright red colours for ceramic applications (Aire384).
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Cadmium based pigments, catalyst and stabilizersrao plastics and rubber containing articles
(i.e. PVC doors and windowReleases from such products is related to weatesanf products

(e.g. if a plastic window is ground before painjingxisting information does not allow
guantification, however, the quantity released lmamssessed as small compared to the quantity
present in the products (Klif 2013). The cadmiugnpénts are used in thermoplastics such as
polystyrene. However, the use of these pigmenpdastics could be limited because of the possible
release of cadmium (Airey 1984).

ICdA stated that once enclosed in the polymer matihatever this is — these substances are
firmly bound into the matrix and it requires theeus acid to extract even very low levels of
cadmium from the coloured polymer (ECHA 2012). Heere this does not exclude releases via
loss of material (e.g. grinding, wear & tear) aabtbases via waste incineration (see 9.3.1).

9.2.1.1 Potential for release from PV solar cells

The life-cyclereleasesof CdS/CdTe PV have been estimated in a life-cycle amafyghenakis
2004). During themanufacturing of CdS/CdTe PV about 1% is wasted in the electrodepasitio
process, and about 10-30% is wasted in the vaposfiort process. In both processes, cadmium
can be collected and can thereafter be safely siespof or recycled (Fthenakis et al. 2004).

During end usethere are no emissions of any kind generated whirg PV modules, under
normal conditions (Fthenakis et al. 2004).

Duringwaste managementeleases to the aquatic environment could occar décommissioning
only if such modules end up in municipal landfdisd the materials leach out. However, cadmium
telluride is encapsulated between two sheets gbglad is unlikely to leach to the environment
under normal conditions. No atmospheric emissidriddocan occur under any foreseeable
conditions. Under normal conditions cadmium sulph&lsecured within sealed solar panels and
represent no hazard to workers or the public. Henedamaged solar cells may cause worker
exposure and may require special handling durinigjtfadecommissioning (Fthenakis et al. 2004).

9.2.1.2 Potential for release from artistic pigments

Cadmium-containing sulphides in pigments are narntodynamically stable under aerobic
conditions. It has been observed that paintings embg cadmium based pigments show
discolouration due to degradation of the pigmenikss is observed especially in the lighter yellow
pigments. In an artificial ageing study by lighimslating 45 years in museum conditions, the
oxidation products, cadmium sulphate and cadmiurdepxvhere found. The study points towards
the possibility that moisture treatments or evemirenments of high humidity may trigger the
deterioration (Leone et.al. 2005).
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9.3 Releases during the waste life stage

9.3.1Potential for release from refuse incineration

Cadmium is released as a result of incineratioroaimercial and household waste containing
cadmiume-stabilized PVC plastics and products cairigicadmium pigments. The slag produced
contains about 8 mg/kg of cadmium while the fly ashtains approximately 200 mg/kg. These
residues are sometime utilized in practical appbee, e.g. in road construction, in leveling/filly
material or in landfills (Scoullos et.al. 2001).

9.3.2Potential for release from degrading pigments

Cadmium containing pigments will to some extent epdn waste water treatment sludge that is
applied on agricultural soil. Cadmium-containindgpsudes® in pigments are not
thermodynamically stable under the conditions ghavail in the surface horizons of aerated
agricultural soils (e.g. in Sweden). Under aerai@aditions, the dissolution rate of pure cadmium
sulphide is comparably high. In a soil environmemttaining sufficient electron acceptors such as
Oz2(g) and Fe(lll), pure cadmium sulphide will be dis®d completely within one year. When
sulphide-bound cadmium is supplied to soils togethith an excess amount of sulphide-bound Zn,
the dissolution rate of cadmium will slow down tov levels, as long as sulphide-bound Zn persists
in the soil. Crystalline ZnS (such sghaleritg can persist in soils for a time period of 1 to 2
decades, making cadmium sulphide dissolution slorng this period. However, most evidence
suggests that most of the ZnS added in sewageesladgnorphous, and will dissolve completely
within just a few years. Further, soil samples satgd to long-term applications of sewage sludge
do not show reduced cadmium solubility becaus@efidditions of ZnS through sludge. Based on
the evidence assembled, it is concluded that cadrsiwpplied in the form of sulphides or selenides
should be considered fully available (similar tgigasoluble cadmium chloride) when a time scale
of 50 years is applied (Keml 2013b).

9.4 Potential for release from accidents (PV solar ced)

There is an interest in whethefig in the cadmium based PV system may cause expokthe
public residents (Nieuwlaar and Alsema 1997; Ftkisnand Zweibel 2003, Bavarian EPA 2011).
Current thinking is that the risk from fires in femounted PV systems is minimal. Researchers
conducted experiments on the release of cadmium fnedules when burnt at high temperatures
and found that less than 0.04% of the cadmium idutes would be released in fires (Fthenakis et
al. 2004). A distribution calculation modeling d¢ad out showed that, from a technical standpoint,
a serious danger for the immediate neighborhoodl@deneral public can be excluded when
modules containin@dS/CdTe burn (Bavarian EPA 2011).

16 Referring specifically to: Cadmium sulphide (CAS086-23-6), Cadmium zinc sulphide yellow (CAS 80485),
Cadmium sulphoselenide orange (CAS 12656-57-4)mlad sulphoselenide red (CAS 58339-34-7), Cadmiina z
sulphide (CAS 12442-27-2), Cadmium sulphoselenitisS 12626-36-7).
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Releases frorbroken or cracked modules under normal operations may occur. Inigéne
researchers have, however, concluded that sucasedevould result in a negligible potential for
human exposures (EPRI and PIER 2003; FthenakiZaetbel 2003, Bavarian EPA 2011).

95 Potential for release from natural sources

Cadmium is a naturally occurring element, one efabmponents of the earth’s crust and present
everywhere in our environméntCadmium emissions to the environment may theeedoise from
both natural and anthropogenic or man-made souEstsnates of the proportion of total cadmium
emissions due to natural sources have ranged f@8mnt@ 50%. Some of these natural emission
sources include weathering and erosion of parakisyosolcanic activity and forest fires (ICdA
2012).

Natural cadmium will also indirectly cause releasgs anthropogenic uses of a wide range of
materials for industrial ancbnsumer purposes. Cadmium is sometimes foundym hi
concentrations in phosphdtetilizers (marine phosphates and phosphorites). It hashalen

reported at fairly low levels imon andsteelbecause all of the raw materials (iron ore, lioest

coke and scrap steel) utilized to make iron anel steually contain residual amounts of cadmium.
Virtually all fossil fuels contain various level§ @admium depending on their specific type, and are
a significant contributor to cadmium air pollutiemce they all must be combusted to be utilized.
The raw materials employed to produce cement andrete also contain residual amounts of
cadmium and are a contributor to total cadmium remvnental emissions. Cadmium is present as a
residual element in zinc, lead and copper ores.d¥ew 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 achievénaprovement in some mechanical, chemical or
physical property. The tendency in recent yeardoeas to produce these nonferrous metals, their
alloys and their compounds with lower and lowerdeal cadmium levels. Furthermore, deliberate
cadmium additions to zinc, lead or copper alloysganerally low (<1%), and even in these cases
they are seldom utilized for atmospheric expospmieations. Residual or unintentional cadmium
levels in various products or materials are sunmzedrin

Table 9 (ICdA 2012). Corrosion of cadmium from uemtional impurities in metallic materials
such as irons and steels and nonferrous metakpected to be extremely low and not to contribute
significantly to overall cadmium releases due to@sion. The presence of cadmium in and its
emission into the environment from fossil fuelapemt manufacture or wear, and fertilizers do not
arise from corrosion processes but represent cla¢igsolution or wear/erosion processes rather
than electrochemical corrosion processes (ICdA Bp12

17 Pure cadmium sulphide minerals are relatively marthe natureGreenockite(Scotland) andHawleyiteare the two
recognized natural cadmium sulphide minerals. Mmoie commonly, cadmium sulphide occurs as a miopstituent
of other sulphide minerals suchghalerite(Keml 2013b).
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Table 9: Concentration of cadmium as an impurity indifferent types of products/materials

(ICdA 2012)

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

9.6 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 10.

The National Swedish health-related environmentaitoring program (SEM), financed by
the Swedish Environment Protection Agency, cootésm#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 (WHILArluded 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.
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Table 10: 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:

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 wsedaluate the proportion of women having
urinary cadmium levels above the two predefinedofist of 0.5 and 1.Q.g Cd/g creatinine. In

these studies, 20%, 70% and 23% of all the wom&s) 82% and 6% in never-smokers) had
urinary cadmium concentrations above @g#g creatinine, respectively. The corresponding
proportions for urinary cadmium concentrations abb\ug/g creatinine were 1.8%, 20% and 2%,
respectively (0.3%, 6% and 0.2% in never-smok®&#glerences between studies may indicate
higher exposure in Southern Sweden, but compatyabilimeasurements may contribute to the
observed differences.

Cadmium exposure over time

Based on a Swedish study kidney biopsies (from 2010) assessing cadmium content in the
kidneys of 109 living donors (aged 24-70 years; iare81 years), the kidney cadmium
concentrations were compared to results from ssydidblished starting in the 1970s. Two earlier
Swedish studies assessed kidney-cadmium in dispaegde 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 (Keml2@nd references therein).

The reported concentrations in the National Swelesdith-related environmental monitoring
program for 2002-2009 may indicate a slight de@eaaarinary cadmium with time in south-

western and northern Sweden (see Figure 4: Uricadlynium (pg/g creatinine) among Swedish
woman, 20-29 years and 50-59 years of age, prasastthe median). However, there has been a
change in analytical instrumentation and the cowpéty is still under investigation. In the

northern area, blood cadmium concentrations 19%9® &owed no changes over time. In
Stockholm, where the samples have been analyzédhdtsame method and instrumentation, there
is no apparent decrease over time. If anythingethey 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 witlvéy values in northern Sweden and higher in
the south. This will be further evaluated in theufe.
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Figure 4: Urinary cadmium (ug/g creatinine) among Swedish woman, 20-29 yearschB0-59 years of
age, presented as the median

The estimated averag@ake of cadmium via foad Sweden has not changed in recent times. The
most recent intake estimate from year 2010 is ji4.2d/person and day; earlier estimates from
1987 and 1999 were 1@)/day and 1@g/day (National Food Agency 2012a).

Data on the cadmium content in flour of wheat ayedin Sweden during the period 1976-2010
indicate a very slow decrease (approx. 1% per ygaowever, there is a dip in the time curve
around year 1995 and from that year the cadmiunteabis slowly increasing (National Food
Agency 2012b).

In summarythe comprehensive data base on cadmium expoasesl lon biomarkers of exposure
and measured dietary intake in Sweden shows neasein cadmium exposure over time during
the last 2-3 decades in Sweden (Keml 2011).

9.7 Worker exposure to cadmium (see also th€ONF/IDENTIAL ANNEX)

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 vamydely 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 constiarc(n = 32 113), manufacture of fabricated
metal productsn= 23 541), non-ferrous base metal industres 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
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which exposure occurs include: foundries, commeerid industrial machinery manufacturing,
motor vehicle parts manufacture, architectural stngctural metal manufacturing, non-ferrous
metal (except aluminum) production and processimgalworking machinery manufacturing, iron
and steel mills and ferro-alloy manufacturing, alwmand aluminum production and processing,
and other electrical equipment and component matwia (IARC 2012).

9.8 Consumer exposure

According to the EU RAR, the consumer uses of cadmxide and metal fall into five categories
corresponding to at least 5 scenarios of exposutre electrode material in Ni-Cd batteries;
Pigments used mainly in plastics, glasses and éesasnamels and artists’ paints; Use of cadmium
as stabilizers for plastics or polymers; Metal ipigt(steel and some non-ferrous metals);
Component of alloy.

In the registration for cadmium sulphide, no consumse is given and therefore also no exposure
assessments. The use of photovoltaic solar cglistemtial new use, is not expected to result in
direct consumer exposure, since cadmium sulphidadgksed in the product.

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

10 ALTERNATIVES

10.1  Alternative - Pigments

It seems reasonable that in years to come thengediuse of cadmium pigments will continue as
more environmentally-acceptable alternatives aveldged (Pritchard 1998). There are many
alternative pigments available on the market coxgparganic as well as inorganic pigments.
Ultimately, the choice is a matter of costs versaleur and other characteristics like weather
resistance, torsion stability and brilliance. Cantsy be lower or higher depending on the substitute
selected (Klif 2013). One example is cerium sulpltigat can replace cadmium sulphide, mostly in
plastics (USGS 2013).

After the adoption of Regulation (EU) No 494/201the Commission learned about niche
applications (e.g. the colouring of some enginegplastics), where suitable alternatives to the use
of cadmium substances, may not be available. Aaogrdo this information, the cadmium
substances used as pigments in these applicatiensa@mium zinc sulphide Yellow (EC 232-466-
8, CAS 8048-07-5), cadmium sulphoselenide Red (EG218-1, CAS 58339-34-7) and cadmium
sulphoselenide Orange (EC 235-758-3, CAS 12656}FE@HA 2012c).

In Sweden, the replacement of cadmium pigmentsH6 And HDPE has, in the long term
perspective, been performed without technical onemic implications. However, initial
implications were experienced. The replacemenadfidum pigments in plastics processed at a
high temperature was a problematic issue. Duegi piocessing temperatures ABS and PA
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applications generally posed more technical probldman other thermoplastics. Initial problems
with uneven colouring and decreased colour fastwébssubstitute pigment in HDPE were
reported, e.g. in the pigmenting of HDPE boxes @atks. The use of organic pigments caused
uneven colouring and warping of the products. Tioblems were solved by adjusting formulation
and processing equipment. Cadmium pigments werergky substituted by organic pigments.
They were generally more expensive than cadmiuracdbpgyments. However, organic pigments
also tend to have higher colour strengths tham t@lmium or inorganic equivalents. Consequently
less pigment was used in the final blend (ECHA 2012

In France, cadmium pigments in plastics are graglueplaced (by iron oxide for example), but for
certain plastics as Poly Acrylonitrile Butadiengr8he (ABS), Polymethylmethacrylate (PMMA),
Polyoxymethylene (Acetal) (POM), polycarbonate (R@Yl polyamide (PA), cadmium is still used
(ECHA 2012).

According to ICdA, many of the pigments, sold asbtitutes” for cadmium pigments, have not
the same performance in terms of heat stabilityrasstance to fading in outdoor use. This is
particularly true of the engineering polymers whaek processed at very high temperatures
(perhaps up to 375°C). Also, when polymers arectga moulded, there are inevitably feed
channels involved which have to be removed fronfitiished articles. In the case of cadmium
pigments, these so-called “sprues” can be grardikate re-sued, as the pigment can withstand the
processing temperature almost indefinitely. Thdfpgrformance organic pigments used as
alternatives can only survive the processing teatpes once, without partial breakdown to give
dirty colour effects. This results in waste of bttk polymer itself, and the expensive organic
pigment. Inorganic pigments, in general, are alsmune from migration, where the colorant can
travel slowly through the organic polymer matrixdaappear at the surface (ECHA 2012).

Regarding alternatives to cadmium zinc sulphidéoye(EC232-466-8/CAS8048-07-5), cadmium
sulphoselenide red (EC 261-218-1/CAS 58339-34-@d)caumium sulphoselenide orange (EC235-
758-3/CAS12656-57-4), Eurocolour state that coltsravith the same technical properties does not
exist. Cadmium pigments provide the highest aclulevaalues for weather resistance, light
fastness, heat resistance for the converting pseseand chroma. Without cadmium pigments
outdoor security applications will, according tor&eolour, become less secure due to a loss of
signal colour strength (fading). Substitutes cdagdound with lead chromate pigments, but they
are part of REACH Annex XIV. Organic red pigmentombination with UV-stabilizers cost 6 to
10 times more than the inorganic counterparts,theg still do not reach the same colour shade and
weather fastness (ECHA 2012).

10.2 Alternative - Stabilizer

Barium/zinc or calcium/zinc stabilizers can repldegium/cadmium stabilizers in flexible
polyvinylchloride applications (USGS 2013).
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10.3 Alternative - Solar cells

10.3.1 Dye-sensitized solar cell

“Dye-sensitized solar cell” (DSSC) is a new clabw-cost thin-film solar cell that is cadmium-
free. It is based on a semiconductor between aophositized anode and an electrolyte.
Commercial applications, which were held up duehtemical stability problems, are now forecast
in the “EU Photovoltaic Roadmap” to be a potergighificant contributor to renewable electricity
generation by 2020.

Unlike traditional silicon-based solar cells, thege-sensitized cells require no complex
manufacturing processes and the raw materialsarspensive, leading to a lower manufacturing
cost. Similar to other thin film solar cells, th&BC is mechanically strong yet lightweight. By
being mechanically robust, the dye-sensitized ed#ls experience higher efficiencies at higher
temperatures. Conventional silicon solar cellssamsitive to the elements, resulting in protective
measures being forced upon the cell such as emctirsilicon solar cell in a glass box. At higher
temperatures, more electrons are produced intodhduction band of the semiconductor. As
silicon solar cells are not able to dissipate thiédbup, this leads to an increase in the internal
temperature. For silicon solar cells, an increagée internal temperature leads to a decreasein t
efficiency rate. DSSCs are thin and mechanicalbusd allowing for heat to be radiated quickly and
efficiently, which avoids the problem faced by itamhal silicon-based solar cells. These two
features make DSSCs suitable for low-density appbas, such as rooftop collectors. Being a
member of the thin film family of solar cells, DSSGlar cells can also be usednilding

Integrated Photovoltai¢BIPV) applications. One very interesting advaetagthat DSSCs work in
low-light conditions. Due to their very favoural@kectrochemical kinetics, DSSCs do not share the
same cut off point as other solar cells in termsharge carrier mobility and recombination. This
ensures that DSSCs will work even when the sunlgytiffuse and even when there is no direct
sunlight. To develop this solar cell further, rasbahas to both improving the efficiency rate as
well as finding ways to reduce the manufacturingt §gonnampalam 2011).

10.3.2  Other alternative solar cells techniques

Zinc sulphide can be used as an alternative to eadreulphide in thevindowlayers (see 8.3.1) in
the copper indium gallium diselenide (CulnGaSeZXelasolar cells (Nagamani et.al. 2012).

10.4  Alternative - Spin dying

An alternative method for spin dying at lower temgtere, based on agueous media, has been
developed. Organic pigments can then be used akeanative (Sieber 2006).

10.5 Not recommended alternative substances

There is a number of, more or less specified, sulpbntaining cadmium salts on the market (see
Table 11). The exact use patterns for each ofubstances in the table are not available. However,
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many of these can be expected to be technicalflsiéernatives for some of the uses of the
suggested SVHC.

Many of these cadmium-sulphur substances probatginate from the suggested SVHC
substance, and are modified to fit different techhapplications. The modifications consist of
purification, additives and/or, different typesaointrolled crystallisation. Major additives are@in
selenium and/or zirconium. Several of the substace doped with aluminium, copper,
manganese, europium, gold, silver, lead, chloade/or nickel. It is unclear if these modifications
totally enter the whole content of the suggeste#iG\8ubstance into another “substance” (the
“intermediate” scenario). Probably are there unifiedi cadmium sulphide left in the in the
modified substance.

Such substances where identified from differentrabal inventory lists (covering Europe, USA,
Canada, China, New Zealand and Philippines). Mdnlyese are also on the list of preregistered
substances according to REACH (see the table). Sbthem are already registered according to
REACH.

The substances in Table 11 can be assumed tolmagarne toxicological concerns as the
suggested SVHC substance. They should therefoa@dided when considering alternative
substances.
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Table 11:Identity of sulphur containing cadmium salts. Extracts from different market inventory lists.

Type CAS No. Name Inventory lists
EC No.
Co-
precipitation 1345-09-1| Cadmium mercurysulphide (C.I. Pigment Orange 23; Cl 77201; Cadmium cinnabgrNew Zeeland 2013; DSL 2012; TSCA 2012; China 2013;
- | Mercadmium;11-26% HgS /Eastaugh et.al. 2008). Artist’s paint 2013
Co-
precipitation 1345-09-1| Calcined co-precipitate aadmium sulfide and Mercuric sulfide (Pigment Orange 23;
- | C.I. 77201). Artist’s paint 2013
Co-
precipitation - | Concentrate€dS plus mercury sulphidd?igment orange 23:1; co-precipitated with
- | BaSQ; Cl 77201:1 Artist’s paint 2013
Co-
precipitation 90604-89-0| Cadmium lithopone Yellow Pigment Yellow 35:1; Cadmium Zinc co-precipitated
- | with barium sulfide; CI 77205:1. Artist’s paint 2013
Co-
precipitation - | Mercadium Lithopone Red; Pigment red 11&admium sulphide-mercuric sulfide
- | co-precipitated on barium Sulfate. Artist’s paint 2013
Co-
precipitation 7621-06-9| Cadmium sulphide lithophone; CdS + BaSQPigment Yellow 14
- China 2013
CO- . - . . . . .
precipitation 90604-90-3| Cadmium-Barium Yellow Deep Pigment Yellow 37:1; co-precipitated with barium
- | sulfide; unclear chemical specification REACH prereg.; Artist’s paint 2013
Co- Cadmium Green; Pigment green 14|ntimate mixture of varying composition;
precipitation -| Co-precipitated hydrated oxide of chromium (ViriajdG18) withcadmium sulphide
- | (PY37, PY35) Artist’s paint 2013
Co- Cadmium-Barium Vermillion OrangeConcentrated¢admium sulphide plus Mercuric
precipitation - | Sulfide co-precipitated with barium sulfate60% barium sulphate. Pigment Orange
- | 23:1. Artist’s paint 2013
Solid solution 68512-51-6| Cadmium sulphide (CdS), solid solution with zinc sulfide, aluminwand copper-
Doped 270-979-9| doped. REACH prereg.
SOI'S SO|léItI0n 68784-10-1| Cadmium sulphide (CdS), solid solution with zinc sulfide, aluminuoabalt, copper
ope - | and silver-doped. Shindengen 2013
SO"S SO|léItI0n 68584-41-8
ope 271-538-3| Cadmium sulphide (CdS), solid solution with zinc sulfide, aluminwand silver-doped]; REACH prereg.
SO"S SO|léItI0n 68332-81-0
ope 269-773-1| Cadmium sulphide (CdS), solid solution with zinc sulfide, coppeddaad-doped. REACH prereg.
SOIgosoélétlon 68512-50-5| Cadmium sulphide (CdS), solid solution with zinc sulfide, coppedananganese-
P 270-978-3| doped. REACH prereg.

54




ANNEX XV — IDENTIFICATION OF SVHC — CADMIUM SULPHICE

Solid solution

68584-42-9
Doped 271-539-9| Cadmium sulphide (CdS), solid solution with zinc sulfide, coppedarickel-doped. REACH prereg.
Sollg SO|léItI0n 68583-43-7
ope 271-511-6] Cadmium sulphide (CdS), solid solution with zinc sulfide, coppedasilver-doped. REACH prereg.
Solid solution 68512-49-2
Doped 270-977-8| Cadmium sulphide (CdS), solid solution with zinc sulfide, coppetaite-doped. REACH prereg.
Solgoso;létlon 68583-44-8
P 271-512-1| Cadmium sulphide (CdS), solid solution with zinc sulfide, nickeldasilver-doped. REACH prereg.
Sohg soIl(thlon 68583-45-9
ope 271-513-7| Cadmium sulphide (CdS), solid solution with zinc sulfide, silverlohde-doped. REACH prereg.

Solid solution
Doped

101357-00-0
309-897-6

Cadmium selenide (CdSe), solid solution watdmium sulphide zinc selenide and
zinc sulfide, aluminum and copper-doped.

REACH prereg

Solid solution
Doped

101357-01-1]
309-898-1

Cadmium selenide (CdSe), solid solution wa#tdmium sulphide zinc selenide and
zinc sulfide, copper and manganese-doped.

REACH prereg.

Solid solution
Doped

101357-02-2
309-899-7

Cadmium selenide (CdSe), solid solution watdmium sulphide zinc selenide and
zinc sulfide, europium-doped.

REACH prereg.

Solid solution
Doped

101357-03-3
309-900-0

Cadmium selenide (CdSe), solid solution vatdmium sulphide zinc selenide and
zinc sulfide, gold and manganese-doped.

REACH prereg.

Solid solution
Doped

101357-04-4
309-901-6

Cadmium selenide (CdSe), solid solution vatdmium sulphide zinc selenide and
zinc sulfide, manganese and silver-doped.

REACH prereg.

Solid solution

12626-36-7
235-724-8

Cadmium selenidesulphide.

REACH prereg.

Solid solution

12656-57-4
235-758-3

Cadmium sulfoselenide orange;dS/CdSe,CdS/CdSe/BaSQ(Se<10%; C.l1. Pigment
Orange 20; CI 77196).

REACH prereg., Artist’s paint 2013

Solid
solution?

Cadmium-Barium Orange; Pigment orange 20:Cadmium Selensulphide
co-precipitated with barium sulfide.

Artist’s paint 2013

Solid solution

58339-34-7
261-218-1

Cadmium sulfoselenide red; CdSB4S, CdSeCdS/BaSQ, (Zn-CdS, Se>10%; C.I.
Red 108; Pigment Red 108; CI 77202).

REACH prereg.

Solid solution

Cadmium Barium Selenosulphite; Cadmium Bari8ulfoselenide; Cadmium
sulphoselenide co-precipitated with barium sulph@tgment red 108:1.

Artist’s paint 2013

Solid solution

8048-07-5
232-466-8

Cadmium zinc sulphide Lemon yellow Pigment 35; 40-100% CdS/ZnS, 0-60968a
(Delta colours 2005).

New Zeeland 2013; DSL 2012; TSCA 2012; Philippia6s2

Solid solution

12442-27-2

Cadmium zinc sulphide yellow; CdS/ZnS/BaS04CdS/BaS04 (C.I. Pigment yellow
35; Cl 77117)

JRC 2013; REACH prereg?; New Zeeland 2013; DSL 2012
TSCA 2012; China 2013; Philippines 2012; Artistasrn 2013
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Encapsulated| 102184-95-2
- | Silicic acid, zirconium salgadmium pigment-encapsulated. JRC 2013; China 2013
Encapsulated 72968-34-4
277-135-9| Zircon, Cadmium Yellow. REACH prereg., TSCA 2012; Philippines 2012

Doped. 72869-26-2
Crystal form? - | Cadmium Zinc sulphide, cobalt and copper doped, ((Cd,Zn)S). Shinden@4d3 2

Doped. 68876-98-2
Crystal form? 272-539-1| Cadmium sulphide (CdS), aluminum and copper-doped. REACH prereg.

Doped. 68876-99-3
Crystal form? 272-540-7| Cadmium sulphide (CdS), aluminum and silver-doped. REACH prereg.

Doped. 68891-87-2
Crystal form? 272-581-0| Cadmium sulphide (CdS), copper and lead-doped. REACH prereg.

Doped. 68877-00-9
Crystal form? 272-541-2| Cadmium sulphide (CdS), copper chloride-doped. REACH prereg.

Doped. 68877-01-0
Crystal form? 272-542-8| Cadmium sulphide (CdS), silver chloride-doped. REACH prereg.
Crystal form? 11112-63-3

234-342-9| Cadmium selenidesulphide. REACH prereg.; Shindengen 2013
Crystal form? 72828-62-7
- | Zirconiumcadmium seleniumsulphide red; Zircon Cadmium Red. China 2013, Shindenger820

Crystal form? 09749-34-5

Zircon, Cadmium Orange.

Shindengen 2013

Crystal form? 68859-25-6

- | Cadmium sulphide; Pigment Yellow 37; CdS-ZnSInclear chemical specification DSL 2012; Philippines 2012; Artist’s paint 2013
Crystal form? 12213-70-6

- | Cadmium selenidesulphide, Cd,SeS. Shindengen 2013
Crystal form? 12214-12-9

- | Cadmium selenidesulphide, Cd,SeS. Shindengen 2013
Crystal form? 71243-75-9

- | Cadmium selenidesulphide, CdSe 5:Sy 43 Shindengen 2013
Crystal form? -

- | Kibeni OrangeCadmium glass powder. Artist’s paint 2013
Crystal form? | 117912-89-7| Cdy 5:So ¢ Shindengen 2013
Crystal form? | 117912-90-0| Cdy5:So.4; Shindengen 2013
Crystal form?|  117912-91-1 Cdys:So.as Shindengen 2013
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11 RISK-RELATED INFORMATION

An EU risk assessment is available for cadmium haetd cadmium oxide (ECB, 2007). It was
concluded that there was a need for limiting tekgifor both workers, consumers (only Cd, not
CdO) and for humans exposed via the environmemheSaf these concerns have been addressed in
the recent revision of entry 23 in REACH, Annex XVI

In addition, SCOEL (Scientific Expert Group on Opational Exposure Limits) has evaluated
cadmium (and its inorganic compounds) and sugges&hour time-weighted average (TWA)
value of 4ug/m® (respirable fraction). Further, a biological linélue in urine is suggestedpd/g
creatinine. It may be noted that a lower valupglg creatinine, was used by EFSA as a reference
point for their risk evaluation of cadmium in fodthe suggested values for the work environment
have so far not been included in the list of inthieaoccupational 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 valuestased on effects on the kidney and, to some
extent, bone tissue, representing the most seasdigets of Cd toxicity after occupational
exposure. The suggested IOEL (in air) is considaydzk protective against long-term local effects
(respiratory effects including lung cancer).

11.1 Risk estimation in the registration

Risk for workers

In the CSA, the suggested IOEL ofid/m® (respirable fraction) has been used as a DNEL.

Although the exposure assessments from the EU RARCH and CdO) in many cases are higher
than this value it is claimed that the more reeceaasured data show that exposures, at least in most
cases, are below the IOEL. In this comparison nredsunhalable concentrations have been divided
with a factor of 2, or sometimes 2.5, to compengateresumed higher values in the inhalable
fraction compared to the respirable fraction. Congpas with the proposed biological limit value

are also made in the CSA, showing that most, bualhaested workers have urinary cadmium
concentrations below |2g/g creatinine.

According to the registration dossier, technicabmwees are taken to comply with the EU proposed
indicative OEL of 4 pg respirable Cdinif compliance with the IOEL cannot be ensured in
consistent way, protection of the worker is ensimgdomplementary 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
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The main source of cadmium exposure is food, mdodg 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 biomarkdong-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 creatire 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 ofdgtsg, 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 exposuas 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 antiéhkh 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 focusestmime effects of cadmiur is well established since long that excessive
exposure to cadmium affects the metabolism of eaicin severe cases leading to osteomalacia
and osteoporosis, in addition to kidney damagé-ifiadisease). 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 sderhs 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.

Irrespective of whether the studies employel@erease in the bone mineral density, increasdd ris
of osteoporosis or increased risk of fractyrétgese 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
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prevalence obsteoporotic fractures in Sweden, compared to aeatrd southern Europe, it cannot
beruled out that the Swedish population might be nsamsitive to cadmium exposuresliiould 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 tithhizan 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 epidemicébgtudies have been initiated and
associations between estimated dietary exposurenarehsed risk of hormone-related cancer
(endometrial cancer) have been shown. At presendifficult 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 assessmiut also supports a precautionary approach. Two
recent well performed prospective studies from Begand USA indicate associations between
cadmium andncreased mortalityvhich is alarming. Still, it is difficult to judgehether the results
could be affected by residual confounding. Neveeg®e these data clearly add to the concern that
cadmium might exert severe effects on human health.

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

In conclusiona number of studies, several of which in Swedewe lsaown 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 levieds,levels observed in Sweden today.

Taken together, the recent comprehensive epidegigabstudies strongly indicate that the effects
of cadmium on bone among Swedish women starts sbarevbetween 0.5 anduy/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.

It should be noted that these risk levels (01 creatinine) are slightly lower than thatu@/g
creatinine) reported in the recent EFSA risk asaess$ of cadmium, which was mainly based on
dose-response relationship between urinary cadramohmarkers of impaired renal tubular
function obtained in a meta-analysis of selecteainiy 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 theosype 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 ap@sure that further increases the risk. It shoeld b
noted that even a small increase in the averagesex@ will result in a proportionally large
increase in the fraction of the population withreresed risk of severe effects, such as fractures.
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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 2009, 2012)

The European Food Safety Authority (EFSA) has régempdated their exposure and risk
evaluation of cadmium (EFSA 2009, 2012), see surpabstract below.

SUMMARY (EFSA 2009)

Cadmium (Cd) is a heavy metal found as an envireaheontaminant, both through natural
occurrence and from industrial and agriculturalrees. Foodstuffs are the main source of cadmium
exposure for the non-smoking general populatiomn@am absorption after dietary exposure in
humans is relatively low (3-5 %) but cadmium isaédintly retained in the kidney and liver in the
human body, with a very long biological half-lifenging from 10 to 30 years. Cadmium is
primarily toxic to the kidney, especially to theogimal tubular cells where it accumulates over
time and may cause renal dysfunction. Cadmium tsancause bone demineralisation, either
through direct bone damage or indirectly as a tegukenal dysfunction. After prolonged and/or
high exposure the tubular damage may progressctreased glomerular filtration rate, and
eventually to renal failure. The International Aggifior Research on Cancer has classified
cadmium as a human carcinogen (Group 1) on the basiccupational studies. Newer data on
human exposure to cadmium in the general popul&ithime been statistically associated with
increased risk of cancer such as in the lung, eetiium, bladder, and breast. Cadmium
bioavailability, retention and consequently toxiatre affected by several factors such as
nutritional status (low body iron stores) and nplétipregnancies, preexisting health conditions or
diseases.

A health based guidance value for cadmium p@/kg body weight (b.w.) per week (Provisional
Tolerable Weekly Intake (PTWI)) was established/asly by the Joint FAO/WHO Expert
Committee on Food Additives and endorsed by therflific Committee for Food. Although
available data indicated that most individuals imaake levels below this PTWI, several
international bodies recognised that the margiween this PTWI and the actual weekly intake of
cadmium by the general population was small argbime populations may be non-existent. The
Scientific Panel on Contaminants in the Food C@@ANTAM) was asked by the European
Commission to assess the risks to human healttedela the presence of cadmium in foodstuffs.
To provide an updated assessment of exposure fsodsfuffs, about 140,000 data covering the
period from 2003 to 2007 on cadmium occurrenceaitious food commodities were received from
20 Member States and considered by the CONTAM Pahel highest cadmium concentrations
were detected in the following food commoditiesaawseed, fish and seafood, chocolate, and foods
for special dietary uses. For most foods only allspeicentage of the analysed samples (<5 %)
exceeded the maximum level (ML), where specified t&J20 % of the samples were above the
MLs for celeriac, horse meat, fish, bivalve mollsisther than oysters and cephalopods. Highly
contaminated areas may show higher cadmium coratemts in locally produced food and the use
of cadmium-containing fertilisers in agriculturereases cadmium concentrations in the crops and
derived products.

To assess cadmium dietary exposure, the occurdataeand the consumption data as reported in
the EFSA’s Concise European Food Consumption Datalvare used. National food consumption
dietary surveys were used to estimate the consampattern of specific sub-groups such as
vegetarians and children. The food groups thatritarted to the major part of the dietary cadmium
exposure, primarily because of the high consumpti@re cereals and cereal products, vegetables,
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nuts and pulses, starchy roots or potatoes, antdandaneat products. The mean dietary exposure
across European countries was estimated to beg?k8 b.w. per week (range from 1.9 to 3@kg
b.w. per week) and the high exposure was estintatbd 3.0ug/kg b.w. per week (range from 2.5
to 3.9ug/kg b.w. per week). Due to their high consumpbtbiereals, nuts, oilseeds and pulses,
vegetarians have a higher dietary exposure of &pdtpg/kg b.w. per week. Regular consumers of
bivalve molluscs and wild mushrooms were also folmlave higher dietary exposures of 4.6 and
4.3 ug/kg b.w. per week, respectively. Tobacco smokig contribute to a similar internal
exposure as that from the diet. House dust cam lb@@ortant source of exposure for children.
Cadmium levels in urine are widely accepted as asme of the body burden and the cumulative
amount in the kidneys. The CONTAM Panel carriedauoteta-analysis on a selected set of studies
to evaluate the dose-response relationship betweaesary cadmium and urinary beta-2-
microglobulin (B2M). B2M, a low molecular weightgiein, is recognized as the most useful
biomarker in relation to tubular effects. A Hill mhel was fitted to the dose-response relationship
between urinary cadmium and B2M for subjects o@eyéars of age and for the whole population.
From the model, a benchmark dose lower confideinuéfor a 5 percent increase of the prevalence
of elevated B2M (BMDLJ5) of 4ig Cd/g creatinine was derived. A chemical-spea@tijustment
factor of 3.9, to account for inter-individual vation of urinary cadmium within the study
populations, was applied, leading to a value ofuy@d/g creatinine. Such a value was also
supported by data from occupationally exposed wsrkad by the results of several individual
studies using a variety of biomarkers.

A one-compartment model was fitted to a large datdbased on non-smoking Swedish women
(age range from 58 to 70 years), comprising botasueement of dietary cadmium exposure and
urinary cadmium concentration to allow an estinratbthe relationship between the two. The
dietary cadmium exposure that corresponds to theatrurinary cadmium concentration ofudy/g
creatinine after 50 years of exposure was themastid using the model. In order to remain below
1 ug Cd/g creatinine in urine in 95 % of the populatiyy age 50, the average daily dietary
cadmium intake should not exceed 0.@6Cd/kg bw, corresponding to a weekly dietary ietak
2.52ug Cd/kg b.w. The model calculation took into coesation the human variability in
absorption rates (1-10 %) so that high absorpatgsrcommon in women of reproductive age
groups due to high prevalence of low and empty stones as well as variations in half-life were
included. Because the data used in the dose-resamaskinetic modelling relate to an early
biological response and a sensitive populatiompeetsvely, no adjustment or uncertainty factor was
required for individual variability in susceptiliifi Therefore, the CONTAM Panel established a
tolerable weekly intake (TWI) for cadmium of 2u§/kg b.w.

The mean exposure for adults across Europe is tdose slightly exceeding, the TWI of 2.5

ug/kg b.w. Subgroups such as vegetarians, chilcdr@okers and people living in highly
contaminated areas may exceed the TWI by abould2Adthough the risk for adverse effects on
kidney function at an individual level at dietagpesures across Europe is very low, the CONTAM
Panel concluded that the current exposure to @aegtopulation level should be reduced.

ABSTRACT (EFSA 2009)

Cadmium can cause kidney failure and has beemststatly 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 24tg/kg body weight to ensure sufficient protectioratbfconsumers.

To better identify major dietary sources, cadmienels in food on the European market were
reviewed and exposure estimated using detailediohgal food consumption data. High levels of
cadmium were found in algal formulations, cocoaelggroducts, crustaceans, edible offal, fungi,
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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 121y/kg body weight reflecting different dietary hab#nd survey
methodologies. Food consumed in larger quantitekthe 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%) anchstemots and tubers (13.2%). Looking at the
food categories in more detail, potatoes (13.2%8adb and rolls (11.7%), fine bakery wares (5.1%),
chocolate products (4.3%), leafy vegetables (3.88¢)water mollusks (3.2%) contributed the most
to cadmium dietary exposure across age groupscuinent review confirmed that children and
adults at the 95th percentile exposure could exbeafth-based guidance values.
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13 ANNEX 1. ADDITIONAL INFORMATION ON HAZARD AND RISK

In 2011, the Swedish Chemicals Agency publishespant (Keml 2011) containing a human health
risk assessment of cadmium from a Swedish expgarspective (Annex 3 in Keml 2011,
Authors: A Akesson & M Vahter, Karolinska Instittit&weden). 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, especialiphereveloping 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 cadmiumg/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 (Keml 2011 and references therein

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 (Johretal 2003), was further explored in humans
(Akesson et al 2008). In a large population-basedpective cohort among Swedish
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postmenopausal women (n = 32 210) the associagitwelen dietary cadmium intake and
endometrial cancer incidence, the cancer form sastd to explore potential estrogenic effects,
was assessed. This is the first study exploringithe#fects in relation to the dietary cadmium
intake, which is in contrast to smaller studies rgheadmium has been monitored in urine. Thus,
based on the construction of a food-cadmium dataivethe cohort, a large study population was
utilized and the incidence was assessed prospbctiMas design reduces the selection bias that
often occurs in case-control studies, but is orother hand, dependent on the assumption that
estimated dietary cadmium intake is a valid reftecbf the internal dose. The average estimated
cadmium intake was Ljig/day (1.5ug/kg bw per week). During 16 years of follow-up837ases

of endometroid adenocarcinoma were ascertainedghroomputerized linkage to the Swedish
Cancer Registry with virtually no loss to follow-uphe highest versus lowest percentile of
cadmium intake was associated with risk of endaaletancer, RR 1.39 (95 % confidence interval,
Cl, 1.04-1.85; P for trend 0.02). To reduce théuerice of endogenous estrogen exposure, analyses
were stratified by body mass index and by use sfrpenopausal hormone use. Analyses were also
stratified by smoking status because an anti-estriogeffect of cigarette smoking is shown on
circulating estrogen concentrations due to increéasetabolic clearance, a reduction in relative
body weight, and an earlier age at menopause. Amewnegr-smoking, non-overweight women the
RR was 1.86 (95 % CI 1.13-3.08; P for trend 0.08093.9-fold increased risk (95 % CI 1.05-7.79)
was observed with long-term cadmium intake consist@bove the median intake in both 1987
and in 1997 in never-smoking women with low avd#adstrogen (non-overweight and non-users
of postmenopausal hormones). Although the datastpe hypothesis that cadmium may exert
estrogenic effects and possibly increase the ffisloomone-related cancers this needs to be
confirmed by other studies (Keml 2011).

In the same study population as for the study aoeretrial cancer incidence (Swedish
Mammography Cohort; a population-based prospectbvrt), the association between dietary
cadmium exposure and risk of overall and estrogeaptor defined (ER+ or ER-) post-menopausal
breast cancer was assessed. In 55 987 postmenbpausan who completed a food frequency
guestionnaire at baseline in 1987 a total of 2htitlent cases of invasive breast cancer were
ascertained (1626 ER+ and 290 ER-) during an aeedpw-up of 12.2 years. It was found that
dietary cadmium was positively associated with alldareast cancer tumors. The risk ratio when
comparing the highest tertile with the lowest w&sl1(95% CI 1.07-1.36) (Julin et al 2012). These
results are in line with the results of the endaraktancer study (Akesson el al 2008).

In a collaboration project between toxicologistd @pidemiologists the possible mechanism of the
estrogenic effect was investigated. In a rodenbtriephic bioassay to transgenic (estrogen-receptor
element) ERE-luciferase reporter mice, the anima&lie exposed to cadmium chloride
subcutaneously for four days before puberty. Cadmitas unable to induce uterotrophic response
in vivoand was unable to induce estrogenic responsesagsical estrogen-receptor-signaling
through ERE-driven genes. However, luminal epitiralheight of the endometrium was
significantly increased in a dose dependent maafter cadmium chloride (and estradiol

treatment). It was concluded that cadmium can iadzstrogen-like responses maybe via non-
classical estrogen receptor- signaling pathwaythadcadmium may promote tumor development

in the uterus (Keml 2011).

In a further study on ovariectomized mice, estrageffects of cadmium administered in food or as
oral intake of cadmium chloride were compared. fdseilts suggest significantly lower
absorption/retention of dietary cadmium compare@d&} following oral exposure. The

estrogenic effects after dietary exposure of Coeviess pronounced and no increase in uterine
weight was observed (Ramachandran et al 2011).
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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) sigatfitty affected kinase phosphorylation and
endogenous gene expression at low exposure lekelgywest effect seen at ug /kg bw (Ali et

al 2012).

13.3  Overall mortality

Two recent studies from Belgium and USA indicatgoagtions between cadmium and increased
mortality which is alarming. Both studies are aftnguality (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 instaloxe 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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