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nyrstar SAFETY DATA SHEET

Based upon Regulation (EC) No. 1907/2006, as amended by Regulation (EC) No. 453/2010

cadmium, metal, in massive state

SECTION 1: Identification of the substance/mixture and of the company/undertaking

1.1 Product identifier:

Product name : cadmium, metal, in massive state
Registration number REACH : 01-2119489023-40-0013 (Nyrstar Budel BV)
Product type REACH : Substance/mono-constituent (Inorganic)
CAS number 1 7440-43-9

EC index number : 048-002-00-0

EC number 1 231-152-8

RTECS number : EU9800000

Molecular mass 1 112.41 g/mol

Formula : Cd

1.2 Relevant identified uses of the substance or mixture and uses advised against:

1.2.1 Relevant identified uses
1U01 Cadmium metal production RLE (GESCd 0)
1U02 Cadmium metal production by pyrometallurgy (GESCd 0)
1U03 Storage of ingots-slabs in warehouses (GESCd 1)
1U04 Production of chemicals (pyro) (GESCd 3)
1U05 Production of chemicals (hydro) (GESCd 3)
1U06 Additive for production of inorganic catalysts (GESCd 2)
IU07 Melting, alloying and casting (GESCd 1)
1U08 Production of "targets" by (EB) PVD (GESCd 1)
1U09 Cadmium casting and rolling (GESCd 1, GESCd 6)
1U10 Wire and rods manufacturing (GESCd 1, GESCd 6)
1U11 Component for brazing products (GESCd 1, GESCd 6)
1U12 Component for soldering products (GESCd 1, GESCd 6)
1U13 Downstream use of Cadmium based brazing products (GESCd 8)
1U14 Downstream use of cadmium-based soldering products (GESCd 8)
1U15 Cadmium (alloyed) powder manufacturing (GESCd 2)
1U16 Powders for contact materials (GESCd 7)
1U17 Use of active powders for batteries (GESCd 7)
1U18 Use of fine powders for mechanical plating (GESCd 7)
1U19 Manufacturing of Cadmium containing-alloys (GESCd 1)
1U20 Use of cadmium containing Ag alloys (GESCd 6)
1U21 Electroplating (GESCd 1)
1U22 PVD / coating (GESCd 8)
For more detailed information regarding the Identified Uses and the associated Exposure Scenarios see attached annex

1.2.2 Uses advised against
See heading 15.1: Reach Annex XVII - Restriction

1.3 Details of the supplier of the safety data sheet:

Supplier of the SDS

Nyrstar Budel B.V. on behalf of Nyrstar Sales & Marketing A.G.
Hoofdstraat 1

6024 AA Budel-Dorplein

Tel: +32 14 44 96 80

Fax: +32 14 44 95 52

infoSDS@nyrstar.com

Producer of the product

NYRSTAR Sales & Marketing AG
Tessinerplatz 7

CH-8002 Ziirich

Tel: +41 44 745 81 00

Fax:+41 44 745 81 10
infoSDS@nyrstar.com

1.4 Emergency telephone number:

Created by: Brandweerinformatiecentrum voor Gevaarlijke Stoffen vzw (BIG) Publication date:2011-12-27
Technische Schoolstraat 43 A, B-2440 Geel Date of revision:
http://www.big.be Reference number:

© BIG vzw
Reason for revision:
Revision number: 0000 Product number: 51612 1/13

134-16274-176-en






cadmium, metal, in massive state

24h/24h: 432 14 58 45 45 (BIG)

SECTION 2: Hazards identification

2.1 Classification of the substance or mixture:

2.1.1 Classification according to Regulation EC No 1272/2008
Classified as dangerous according to the criteria of Regulation (EC)No 1272/2008

Class Category Hazard statement code(s)

Carc. category 1B H350: May cause cancer.

Muta. category 2 H341: Suspected of causing genetic defects.

Repr. category 2 H361fd: Suspected of damaging fertility. Suspected of damaging the unborn child.
Acute Tox. category 1 H330: Fatal if inhaled.

STOT RE category 1 H372: Causes damage to organs through prolonged or repeated exposure if inhaled
STOT RE category 1 H372: Causes damage to organs through prolonged or repeated exposure if swallowed
Aquatic Acute category 1 H400: Very toxic to aquatic life.

Aquatic Chronic [category 1 H410: Very toxic to aquatic life with long lasting effects.

2.1.2 Classification according to Directive 67/548/EEC-1999/45/EC
Classified as dangerous in accordance with the criteria of Directive 67/548/EEC
Carc. Cat. 2; R45 - May cause cancer.
Muta. Cat. 3; R68 - Possible risk of irreversible effects.
Repr. Cat. 3; R62 -63 -Possible risk of impaired fertility. Possible risk of harm to the unborn child.
T+; R26 - Very toxic by inhalation.
T; R25 -48/23/25 - Toxic if swallowed. Toxic: danger of serious damage to health by prolonged exposure through inhalation and if swallowed.
N; R50-53 - Very toxic to aquatic organisms. May cause long-term adverse effects in the aquatic environment.

2.2 Label elements:
Labelling according to Regulation EC No 1272/2008 (CLP)
This substance/mixture, although classified dangerous, does not require a label because of the form in which it is placed on the market
(Regulation (EC)No 1272/2008 Annex | chapter 1.3.4)

2.3 Other hazards:

SECTION 3: Composition/information on ingredients

3.1 Substances:

Classification e - .

Name (REACH Registration No) R Conc. according to DSD/ Slessihecuonpesos s Note Remark
EC No to CLP

DPD
lcadmium (non-pyrophoric) (01-2119489023- (7440-43-9 99.99 % |Carc. Cat. 2; R45 Carc. 1B; H350 Mono-constituent
40) 231-152-8 Muta. Cat. 3; R68 Muta. 2; H341

Repr. Cat. 3;R62 -63 |Repr.2; H361fd

T+; R26 Acute Tox. 1; H330

T; R25 -48/23/25 STOT RE 1; H372

N; R50-53 Aquatic Acute 1; H400

Aquatic Chronic 1; H410

3.2 Mixtures:

Not applicable

SECTION 4: First aid measures

4.1 Description of first aid measures:
General:
If you feel unwell, seek medical advice.
After inhalation:
After inhalation of fume: Remove the victim into fresh air. Respiratory problems: consult a doctor/medical service.
After skin contact:
Not applicable.
After eye contact:
After contact with fume: Rinse with water. Take victim to a doctor/medical service if irritation persists.
After ingestion:
Not applicable.
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cadmium, metal, in massive state

4.2 Most important symptoms and effects, both acute and delayed:

4.2.1 Acute symptoms
After inhalation:
AFTER INHALATION OF FUME: Irritation of the nasal mucous membranes. Irritation of the respiratory tract. Coughing. Respiratory difficulties. Risk of
lung oedema. Possible inflammation of the respiratory tract. Lung tissue affection/degeneration. FOLLOWING SYMPTOMS MAY APPEAR LATER: Metal
fume fever.
After skin contact:
Not applicable.
After eye contact:
Irritation of the eye tissue.
After ingestion:
Not applicable.

4.2.2 Delayed symptoms
If applicable and available it will be listed below.

4.3 Indication of any immediate medical attention and special treatment needed:
If applicable and available it will be listed below.

SECTION 5: Firefighting measures

5.1 Extinguishing media:
5.1.1 Suitable extinguishing media:
EXTINGUISHING MEDIA FOR SURROUNDING FIRES: All extinguishing media allowed.
5.1.2 Unsuitable extinguishing media:
No unsuitable extinguishing media known.

5.2 Special hazards arising from the substance or mixture:
On burning: formation of metallic fumes (cadmium oxide). On heating (>160°C): formation of metallic fumes (cadmium oxide).

5.3 Advice for firefighters:
5.3.1 Instructions:
Dilute toxic gases with water spray.
5.3.2 Special protective equipment for fire-fighters:
Heat/fire exposure: compressed air/oxygen apparatus. Gloves. Protective clothing.

SECTION 6: Accidental release measures

6.1 Personal precautions, protective equipment and emergency procedures:
No naked flames.
6.1.1 Protective equipment for non-emergency personnel
See heading 8.2
6.1.2 Protective equipment for emergency responders
Gloves. Protective clothing.

Suitable protective clothing
See heading 8.2

6.2 Environmental precautions:

6.3 Methods and material for containment and cleaning up:
Pick-up the material.

6.4 Reference to other sections:
See heading 13.

SECTION 7: Handling and storage

The information in this section is a general description. If applicable and available, exposure scenarios are attached in annex. Always use the relevant
exposure scenarios that correspond to your identified use.

7.1 Precautions for safe handling:
Avoid raising dust. Observe strict hygiene.

7.2 Conditions for safe storage, including any incompatibilities:
7.2.1 Safe storage requirements:
Store at ambient temperature. Meet the legal requirements.
7.2.2 Keep away from:
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(Strong) acids, oxidizing agents.
7.2.3 Suitable packaging material:

No data available
7.2.4 Non suitable packaging material:

No data available

7.3 Specific end use(s):

If applicable and available, exposure scenarios are attached in annex. See information supplied by the manufacturer.

SECTION 8: Exposure controls/personal protection

8.1 Control parameters:
8.1.1 Occupational exposure
a)Occupational exposure limit values

If limit values are applicable and available these will be listed below.

Regulatory exposure limit (The Netherlands)
|Cadmiumoxide (rook) (als Cd) |Time—weighted average exposure limit 8 h |0.005 mg/m?3 |as Cd; fume |

Indicative exposure limit (the Netherlands)
|Cadmium (inhaleerbaar) |Time—weighted average exposure limit 8 h |0.005 mg/m? |inha|ab|e |

Limit Value (Belgium)

Cadmium et ses composés (particules|Short time value -ppm
alvéolaires) (en Cd) -mg/m3
Time-weighted average exposure limit 8 h -ppm
0.002 mg/m?
Short time value -ppm
-mg/m3
Time-weighted average exposure limit 8 h -ppm
0.01 mg/m?3
TLV (USA)
Cadmium Short time value -
Time-weighted average exposure limit 8 h 0.01 mg/m?3
Cadmium, compounds, as Cd Short time value -
Time-weighted average exposure limit 8 h 0.01 mg/m?3

Limit Value (France)
Cadmium Short time value -ppm
-mg/m3

Time-weighted average exposure limit 8 h -ppm
0.05 mg/m?3

Cadmium (oxyde de),en Cd Short time value -(Cd) ppm
0.05(Cd) mg/m3

Time-weighted average exposure limit 8 h -(Cd) ppm
-(Cd) mg/m?

Limit Value (UK)
Cadmium Short time value -ppm
-mg/m3

Time-weighted average exposure limit 8 h -ppm
0.025 mg/m?3

Cadmium oxide fume (as Cd) Short time value -(Cd) ppm
0.05(Cd) fume
mg/m?3

Time-weighted average exposure limit 8 h -(Cd) ppm
0.025(Cd) fume
mg/m3

b) National biological limit values

If limit values are applicable and available these will be listed below.
8.1.2 Sampling methods
|Product name Test Number
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Cadmium NIOSH 7048
Cadmium (Elements, hot block/HCI/HNO3 digestion) NIOSH 7303
Cadmium (Cd) NIOSH 8005
Cadmium (Cd) NIOSH 8310
Cadmium OSHA ID 189
Cadmium (Elements) NIOSH 7300
Cadmium & Cpds (as Cd) NIOSH 7048
Cadmium (Elements on wipes) NIOSH 9102
Cadmium (Elements, aqua regia ashing) NIOSH 7301

8.1.3 Applicable limit values when using the substance or mixture as intended
If limit values are applicable and available these will be listed below.
8.1.4 DNEL/PNEC values
Workers
cadmium, metal, in massive state

Effect level (DNEL/DMEL) Type Value |Remark
DNEL Long-term local effects inhalation pg/m? |
General population
cadmium, metal, in massive state
Effect level (DNEL/DMEL) Type Value |Remark
DNEL Long-term systemic effects oral 1 mg/kg bw/day |
PNEC
cadmium, metal, in massive state
Compartments Value Remark
Fresh water 0.19 pg/l
Marine water 1.14 pg/l
STP 20 pg/l
Fresh water sediment 1.8 mg/kg sediment dw
Marine water sediment 0.64 mg/kg
Soil 0.9 mg/kg soil dw
Oral 0.16 mg/kg food

8.1.5 Control banding
If applicable and available it will be listed below.

8.2 Exposure controls:
The information in this section is a general description. If applicable and available, exposure scenarios are attached in annex. Always use the
relevant exposure scenarios that correspond to your identified use.
8.2.1 Appropriate engineering controls
Avoid raising dust. .
8.2.2 Individual protection measures, such as personal protective equipment
Observe strict hygiene. Do not eat, drink or smoke during work.
a) Respiratory protection:
Not required for normal conditions of use. Dust production: dust mask with filter type P3.

b) Hand protection:
Gloves.
-materials for protective clothing (good resistance)
Leather.
c)Eye protection:
In case of dust production: protective goggles.
d) Skin protection:
Protective clothing.
8.2.3 Environmental exposure controls:
See headings 6.2, 6.3 and 13

SECTION 9: Physical and chemical properties

9.1 Information on basic physical and chemical properties:
Physical form Metal

Odour
Odour threshold

Odourless

Not applicable

Colour Silvery

Particle size Not applicable

Explosion limits

Not applicable

Reason for revision:

Revision number: 0000

Publication date:2011-12-27
Date of revision:

Product number:51612

5/13






cadmium, metal, in massive state

Flammability Non-flammable
Log Kow Not applicable
Dynamic viscosity Not applicable
Kinematic viscosity Not applicable
Melting point 321°C
Boiling point Not applicable
Flash point Not applicable
Evaporation rate Not applicable
Vapour pressure Not relevant
Relative vapour density Not applicable
Solubility water ;2.3 mg/l;20°C
mineral acids ; soluble
Relative density 8.60 ;20 °C
Decomposition temperature Not applicable
Auto-ignition temperature Not applicable
Explosive properties No chemical group associated with explosive properties
Oxidising properties No chemical group associated with oxidising properties
pH Not applicable

Physical hazards
No physical hazard class

9.2 Other information:
No data available

SECTION 10: Stability and reactivity

10.1 Reactivity:
10.2 Chemical stability:

Stable under normal conditions.
10.3 Possibility of hazardous reactions:

10.4 Conditions to avoid:
Avoid raising dust.

10.5 Incompatible materials:
(strong) acids, oxidizing agents.

10.6 Hazardous decomposition products:
Reacts with (some)acids: release of highly flammable gases/vapours (hydrogen). On heating (>160°C): formation of metallic fumes (cadmium
oxide). On burning: formation of metallic fumes (cadmium oxide).

SECTION 11: Toxicological information

11.1 Information on toxicological effects:
11.1.1 Test results

- Toxicokinetics: summary
Toxicokinetics (absorption, metabolism, distribution and elimination).
Uptake of cadmium can occur in humans via the inhalation of polluted air, the ingestion of contaminated food or drinking water and, to a minor
extent, through exposure of the skin to dusts or liquids contaminated by the element (JRC, 2008; SCOEL, 2009).
In occupational settings, mainly inhalation exposure occurs although the dermal route may also play a role when metal, powder or dust is handled
or during maintenance of machinery. Additional uptake is possible through food and tobacco (for example in workers who eat or smoke at the
workplace).
For the general population, uptake of cadmium occurs principally via the ingestion of food or, to a lesser extent, of contaminated drinking water.
In industrial sites polluted by cadmium, inhalation of air and/or ingestion of soil or dusts may contribute to significant exposure. Tobacco is an
important additional source of cadmium uptake in smokers. Finally, the consumer could be exposed (skin, inhalation or oral) through the use of
consumption products.

Absorption: Gastrointestinal absorption of cadmium is usually less than 5% but varies with the form of cadmium present, the composition of the
diet, age and the individual iron status. High gastrointestinal absorption rates (up to 20%) have been observed for example in women with
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lowered iron stores (serum ferritin <20 pg/L) (Sasser and Jarboe, 1977; Weigel et al., 1984; JRC, 2007). Cadmium is absorbed by the respiratory
route at rates varying between 2 and 50% depending on the cadmium compound involved (water soluble or insoluble), the size of the particles
(dusts or fumes), the deposition pattern in the respiratory tract and the ventilation rate. Values of 10 to 30% for dusts and 25-50% for fumes are
cited in the EU Summary Risk Assessment Report (RAR) (JRC, 2007) and various publications (Boisset et al., 1978; Glaser et al., 1986; Oberdorster
et al.,, 1979; Oberdorster and Cox, 1989; Oberddrster, 1992; Dill et al., 1994; Hadley et al., 1980). The results from studies in mouse, rat, rabbit
and in vitro human skin models suggest that, although cadmium may penetrate through skin, absorption of soluble and less soluble compounds is
generally lower than 1% (Kimura and Otaki, 1972; Lansdown and Sampson, 1996; Wester et al., 1992; JRC, 2008).

Distribution: Following absorption, the biodisposition of cadmium (Cd2+) is assumed to be independent of the chemical form to which exposure
occured (JRC,2007). Cadmium is a cumulative toxicant. It is transported from its absorption site (lungs or gut) to the liver, where it induces the
synthesis of metallothionein which sequestrates cadmium. The cadmium-metallothionein complex is then slowly released from the liver and
transported in the blood to the kidneys, filtrated through the glomerulus and reabsorbed in the proximal tubule where it may dissociate
intracellularly (Chan and Cherian, 1993). There, free cadmium again induces the synthesis of metallothionein, which protects against cellular
toxicity until saturation.

In non-occupationally exposed individuals, cadmium concentrations in kidney is generally between 10 and 50 mg/kg wet weight, with smokers
showing 2 to 5-fold higher values than non-smokers (Nilsson et al., 1995). After long-term low level exposure, approximately half the cadmium
body burden is stored in the liver and kidneys, one third being in the kidney where the major part is located in the cortex (Kjellstrom et al., 1979).
The kidney:liver concentration ratio decreases with the intensity of exposure and is, for instance, lower in occupationally exposed workers (7 to 8-
fold ratio) (Ellis et al., 1981; Roels et al., 1981) than in the general population (10 to 30-fold ratio) (Elinder et al., 1985). The distribution of cadmium
in the kidney is important as this organ is one of the critical targets after long-term exposure.

In blood, most cadmium is localised in erythrocytes (90%) and values measured in adult subjects with no occupational exposure are generally
lower than 1 pg/L in non-smokers. Blood cadmium (Cd-B) values are 2 to 5-fold higher in smokers than in non-smokers (Staessen et al., 1990; Jarup
et al., 1998; Ollson, 2002). In the absence of occupational exposure, the mean urinary cadmium concentration (Cd-U) is generally below 1 to 2 pg/g
creatinine in adults. While Cd-B is influenced by both recent exposure and cadmium body burden, Cd-U is mainly related to the body burden
(Lauwerys and Hoet, 2001). Smokers excrete more cadmium than non-smokers and their Cd-U is on average 1.5-fold higher than for non-smokers.
The placenta provides a relative barrier, protecting the foetus against cadmium exposure. Cadmium can cross the placenta but at a low rate
(Trottier et al., 2002; Lauwerys et al., 1978; Lagerkvist et al., 1992).

Metabolism: Cadmium is not known to undergo any direct metabolic conversion such as oxidation, reduction or alkylation. The cadmium (Cd2+)
ion does bind to anionic groups (especially sulfhydryl groups)in proteins and other molecules (Nordberg et al., 1985). Plasma cadmium circulates
primarily bound to metallothionein and albumin (Foulkes and Blanck, 1990; Roberts and Clark, 1988).

Excretion: Absorbed cadmium is excreted very slowly, with urinary and fecal pathways being approximately equal in quantity (<0.02% of the total
body burden per day) (Kjellstrom et al., 1985). It accumulates over many years, mainly in the renal cortex and to a smaller extent in the liver and
lung. The biologic half-life of cadmium has been estimated to be between 10 to 30 years in kidney and 4.7 to 9.7 years in liver (Ellis et al., 1985).
The half-life in both organs is markedly reduced with the onset of renal toxicity when tubule loss of cadmium is accelerated. The total cadmium
body burden reaches about 30 mg by the age of 30.

Biomonitoring: Biomonitoring methods for either Cd-B or Cd-U are often used rather than airborne measurements because they integrate all
possible sources of occupational and environmental exposures (e.g. digestive exposure at the workplace, tobacco smoking and diet). In addition,
since cadmium is a cumulative toxicant, a measure of the body burden (i.e. Cd-U) is the most appropriate exposure parameter for conducting risk
assessments. In workers with substantial cadmium exposure (i.e. Cd-U >3 ug/g creatinine), 30 years exposure to 50 ug/m? of cadmium would lead
to a Cd-U of 3 ug/g creatinine (SCOEL, 2009).

Acute toxicity

cadmium, metal, in massive state

Route of Parameter Method Value Exposure time Species Gender Value

exposure determination

Oral LC50 2330 mg/kg bw Rat Experimental
value

Oral LC50 89 mg/kg bw Mouse Experimental
value

Dermal Not relevant,
expert
judgement

Inhalation LC50 >0.8 E-3 mg/I 4 h Rat Read-across

(vapours)

Inhalation LC50 <66 E-3 mg/l 4 h Rat Read-across

(aerosol)

Conclusion

Fatal if inhaled.

Corrosion/irritation

cadmium, metal, in massive state

Route of exposure Result Method Exposure time Time point Species Value determination

Eye

Not determined,
exemption according
to REACH
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Skin Not determined,
exemption according
to REACH

Inhalation Not determined,
exemption according
to REACH

Conclusion

Not classified as irritating to the skin

Not classified as irritating to the eyes

Respiratory or skin sensitisation

cadmium, metal, in massive state

Route of Result Method Exposure time Observation time [Species Gender Value
exposure point determination
Skin Not determined,
exemption
according to
REACH
Inhalation Not determined,
exemption
according to
REACH
Conclusion
Not sensitizing for inhalation
Not sensitizing for skin
Specific target organ toxicity
cadmium, metal, in massive stat
Route of Parameter [Method Value Organ Effect Exposure time Species Gender Value
exposure determination
Oral NOAEL 3 mg/kg bw/ 3 month(s) Rat Male/ Read-across
day female
Oral NOAEL 0.12 mg/kg 462 week(s) Monkey Male Read-across
bw/day
Inhalation LOAEL Equivalent ]0.022 mg/m? |Lungs Overall 6h Mouse Male/ Read-across
(aerosol) or similar to effects female
OECD 413
Inhalation NOAEL 0.013 mg/m? 6h Hamster |Male Read-across
(aerosol)
Conclusion
Causes damage to organs through prolonged or repeated exposure if inhaled
Causes damage to organs through prolonged or repeated exposure if swallowed
Mutagenicity (in vitro)
cadmium, metal, in massive state
Result Method Test substrate Effect Value determination
Negative Equivalent or similar to OECD 471 [Bacteria (S.typhimurium) Read-across
Positive Equivalent or similar to OECD 473 Read-across
Mutagenicity (in vivo)
cadmium, metal, in massive state
Result Method Exposure time Test substrate Gender Organ Value determination
Limited positive test [Human Male/female Experimental value
result observation study:
case control study
Carcinogenicity
cadmium, metal, in massive state
Route of Parameter Method Value Exposure time [Species Gender Value Organ Effect
exposure determinatio

n
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Inhalation LOAEL 0.03 mg/m3® |<18 month(s) |Rat Male/female |Read-across |Lungs Tumor
(aerosol) formation
Dermal Not relevant,
expert
judgement
Oral LOAEL 3.5 mg/kg bw/ [77 week(s) Rat Male Read-across [Prostate Benign tumor
day formation
Reproductive toxicity
cadmium, metal, in massive state
Parameter [Method Value Exposure Species Gender Effect Organ Value
time determination
Effects on fertility NOAEL (P) 1 mg/kg 13 week(s) Female No effect Read-across
bw/day
LOAEL 10 mg/kg |13 weeks Female Read-across
bw/day (daily, 5
days/week)
NOAEL (F1) 1 mg/kg 13 weeks Male/ No effect Read-across
bw/day (daily, 5 female
days/week)
LOAEL 10 mg/kg |13 weeks Male/ Weight Read-across
bw/day (daily, 5 female reduction
days/week)
Developmental toxicity ~ |[NOAEL OECD 414 0.05 mg/m [4-17 days |Mouse Female No effect Read-across
3 air (gestation,
daily)
NOAEL OECD 414 0.5 mg/m3 [4-19 days Female Reduced Read-across
air (gestation, foetal
daily) bodyweight
s

Conclusion CMR

May cause cancer.

Toxicity other effects

Suspected of causing genetic defects.

cadmium, metal, in massive state

No data available
Conclusion

No data available

Suspected of damaging fertility. Suspected of damaging the unborn child.

SECTION 12: Ecological information

12.1 Toxicity:
cadmium, metal, in massive state
Parameter |Method ([Value Duration Species Test design Fresh/salt Value
water determination
Acute toxicity fishes LC50 Other 0.748 mg/I 96 h Carassius FLOW- Fresh water |Read-across
auratus THROUGH
SYSTEM
Acute toxicity invertebrates [LC50 ASTM E729 [0.036 mg/I 48 h Daphnia STATIC SYSTEM ([Fresh water [Read-across
-80 magna
Toxicity algae and other EC50 OECD 201 [0.070 mg/I 72 h Pseudokirchn [STATIC SYSTEM |Fresh water |Experimental value
aquatic plants eriella
subcapitata
Toxicity algae and other NOEC Other 0.063 mg/I 5 day(s) Ulva sp. STATIC SYSTEM (Salt water Read-across
aquatic plants
Long-term toxicity fish NOEC Other 0.012 mg/| 84 day(s) Oncorhynchu [FLOW- Fresh water |Read-across
s mykiss THROUGH
SYSTEM
Long-term toxicity aquatic NOEC Compareb [0.0006 mg/l |21 day(s) Daphnia Semi-static Fresh water |Read-across
invertebrates le to UBA magna
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Long-term toxicity aquatic NOEC Other 0.002 mg/| 33 day(s) Americamysis |[FLOW- Salt water Read-across
invertebrates bahia THROUGH
SYSTEM
Toxicity aquatic micro- NOEC OECD 209 [0.2 mg/I 3h Bacteria STATIC SYSTEM [Fresh water [Experimental value
organisms
Parameter Method Value Duration Species Value
determination
Toxicity soil macro-organisms [NOEC Other 150 mg/kg soil dw |84 day(s) Lumbricus rubellus [Read-across
Toxicity soil macro-organisms [NOEC Other 10 mg/kg soil dw 21 day(s) Eisenia sp. Read-across
Toxicity terrestrial plants NOEC 6.25 mg/kg soil dw [10 day(s) Avena sativa Experimental value
Toxicity terrestrial plants NOEC 25 mg/kg soil dw 10 day(s) Brassica Experimental value
campestris var.
chinensis
Toxicity terrestrial plants NOEC 3.12 mg/kg soil dw [10 day(s) Lactuca sativa Experimental value
Toxicity birds NOEC Not further 10 mg/kg 84 day(s) Anas Weight of evidence
determined platyrhynchas
Toxicity birds NOEC Not further 38 mg/kg 42 day(s) Coturnix coturnix  [Weight of evidence
determined japonica
Conclusion
Highly toxic to fishes
Very toxic to invertebrates (Daphnia)
Highly toxic to algae
Ecotoxicity is only applicable when components are released
Inhibition of activated sludge
12.2 Persistence and degradability:
cadmium, metal, in massive state
Biodegradation water
Method Value Duration Value determination
Not applicable (inorganic)
Biodegradation soil
Method Value Duration Value determination
Not applicable (inorganic)
Conclusion
Biodegradability: not applicable
12.3 Bioaccumulative potential:
cadmium, metal, in massive state
BCF fishes
Parameter |Method Value Duration Species Value determination
BCF | 5-1385 92 day(s) Salmo salar Read-across
Log Kow
Method Value Temperature Value determination
Not applicable
Conclusion

No straightforward conclusion can be drawn based upon the available test results

12.4 Mobility in soil:

cadmium, metal, in massive state

|Vo|ati|e organic compounds (VOC)

Not applicable

12.5 Results of PBT and vPvB assessment:

Due to insufficient data no statement can be made whether the substance fulfils the criteria of PBT and vPvB according to Annex XlII of
Regulation (EC)No 1907/2006.

12.6 Other adverse effects:
cadmium, metal, in massive state

Global warming potential (GWP)

No data available

Ozone-depleting potential (ODP)

Ozone layer

Not dangerous for the ozone layer (Council Regulation (EC) no 1005/2009)
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SECTION 13: Disposal considerations

The information in this section is a general description. If applicable and available, exposure scenarios are attached in annex. Always use the relevant
exposure scenarios that correspond to your identified use.

13.1 Waste treatment methods:

13.1.1 Provisions relating to waste
Waste material code (Directive 2008/98/EC, decision 2001/118/EC).
06 04 05* (wastes containing other heavy metals). Depending on branch of industry and production process, also other EURAL codes may be
applicable. non-ferrous metal filings and turnings. Hazardous waste according to Directive 2008/98/EC.

13.1.2 Disposal methods
Recycle/reuse. Remove waste in accordance with local and/or national regulations. Hazardous waste shall not be mixed together with other
waste. Different types of hazardous waste shall not be mixed together if this may entail a risk of pollution or create problems for the further
management of the waste. Hazardous waste shall be managed responsibly. All entities that store, transport or handle hazardous waste shall
take the necessary measures to prevent risks of pollution or damage to people or animals. Do not discharge into surface water (2000/60/EC,
Council decision 2455/2001/EC, 0.J. L331 of 15/12/2001).

13.1.3 Packaging/Container

Waste material code packaging (Directive 2008/98/EC).
15 01 10* (packaging containing residues of or contaminated by dangerous substances).

SECTION 14: Transport information

Road (ADR)

14.1 UN number:
Transport Not subject
UN number B

14.2 UN proper shipping name:
14.3 Transport hazard class(es):

Hazard identification number

Class

Classification code

14.4 Packing group:

Packing group
Labels
14.5 Environmental hazards:

Environmentally hazardous substance mark no

14.6 Special precautions for user:

Special provisions

Limited quantities N.A.
Rail (RID)
14.1 UN number:
Transport Not subject
UN number B

14.2 UN proper shipping name:
14.3 Transport hazard class(es):

Hazard identification number

Class

Classification code

14.4 Packing group:

Packing group
Labels
14.5 Environmental hazards:

Environmentally hazardous substance mark no

14.6 Special precautions for user:

Special provisions

Limited quantities

Inland waterways (ADN)
14.1 UN number:
Transport Not subject

UN number -

14.2 UN proper shipping name:
14.3 Transport hazard class(es):

Reason for revision: Publication date:2011-12-27
Date of revision:

Revision number: 0000 Product number: 51612 11/13
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Class

Classification code
14.4 Packing group:

Packing group
Labels
14.5 Environmental hazards:

Environmentally hazardous substance mark no

14.6 Special precautions for user:

Special provisions

Limited quantities

Sea (IMDG)
14.1 UN number:

Transport Not subject
UN number -

14.2 UN proper shipping name:
14.3 Transport hazard class(es):
|Class |- |
14.4 Packing group:
|Labe|s | |
14.5 Environmental hazards:
Marine pollutant -

Environmentally hazardous substance mark no

14.6 Special precautions for user:

Special provisions

Limited quantities
14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code:
[Annex It of MARPOL 73/78

Air (ICAO-TI/IATA-DGR)
14.1 UN number:

Transport Not subject
UN number -

14.2 UN proper shipping name:
14.3 Transport hazard class(es):

Class

14.4 Packing group:

Packing group

Labels

14.5 Environmental hazards:

Environmentally hazardous substance mark no
14.6 Special precautions for user:

Special provisions

Cargo transport: maximum net quantity per packaging Not applicable

Passenger and cargo transport: limited quantities: maximum net Not applicable
quantity per packaging

SECTION 15: Regulatory information

15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture:

European legislation:
REACH Annex XVII - Restriction

Enumerated in Annex XVII of Regulation (EC) No. 1907/2006: restrictions on the manufacture, placing on the market and use of certain
dangerous substances, mixtures and articles

15.2 Chemical safety assessment:
A chemical safety assessment has been performed.

SECTION 16: Other information

Labelling according to Directive 67/548/EEC-1999/45/EC (DSD/DPD)

This metal, although classified dangerous, does not require a label because of the form in which it is placed on the market (directive 2001/59/EC,
annex 6 chapter 8.3)

Full text of any R-phrases referred to under headings 2 and 3:

Reason for revision: Publication date:2011-12-27
Date of revision:

Revision number: 0000 Product number: 51612 12/13
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Full text of any H-statements referred to under headings 2 and 3:

H350 May cause cancer.

H341 Suspected of causing genetic defects.

H361fd Suspected of damaging fertility. Suspected of damaging the unborn child.
H330 Fatalif inhaled.

H372 Causes damage to organs through prolonged or repeated exposure if inhaled
H372 Causes damage to organs through prolonged or repeated exposure if swallowed
H400 Very toxic to aquatic life.

H410 Very toxic to aquatic life with long lasting effects.

(*) =INTERNAL CLASSIFICATION BY BIG
PBT-substances =persistent, bioaccumulative and toxic substances

DSD Dangerous Substance Directive
DPD Dangerous Preparation Directive
CLP (EU-GHS) Classification, labelling and packaging (Globally Harmonised System in Europe)

The information in this safety data sheet is based on data and samples provided to BIG. The sheet was written to the best of our ability and
according to the state of knowledge at that time. The safety data sheet only constitutes a guideline for the safe handling, use, consumption,
storage, transport and disposal of the substances/preparations/mixtures mentioned under point 1. New safety data sheets are written from time
to time. Only the most recent versions may be used. Old versions must be destroyed. Unless indicated otherwise word for word on the safety data
sheet, the information does not apply to substances/preparations/mixtures in purer form, mixed with other substances or in processes. The
safety data sheet offers no quality specification for the substances/preparations/mixtures in question. Compliance with the instructions in this
safety data sheet does not release the user from the obligation to take all measures dictated by common sense, regulations and
recommendations or which are necessary and/or useful based on the real applicable circumstances. BIG does not guarantee the accuracy or
exhaustiveness of the information provided. Use of this safety data sheet is subject to the licence and liability limiting conditions as stated in your
BIG licence agreement. All intellectual property rights to this sheet are the property of BIG and its distribution and reproduction are limited.
Consult your BIG licence agreement for details.

Reason for revision: Publication date:2011-12-27

Date of revision:

Revision number: 0000 Product number: 51612 13/13







Annex to the extended Safety Data Sheet (eSDS)

Cadmium

Introduction to (short) Generic Exposure Scenarios (GES)

For assessment of exposures at local scale, several generic exposure scenarios (GES) were developed
in the chemical safety report (CSR) for each Cadmium substance. This was necessary because of the
significant number of uses that was identified for each of the substances. The multitude of identified
uses was assigned to the respective GES based on similarity of process, and , consequently, similarity
in exposure and risk management measures. So, GES are relevant for the different identified uses
that they group at the same time.

Approaches for local exposure assessment
e Assessment of workers exposure is related to the place /process the worker is involved in.
The GES group different processes; exposure assessment is done using the worst case
approach by considering full shift exposure at the workplace with highest potential for
exposure. Risk management measures are specified accordingly.

* Environmental emissions (notably to water) are usually integrating the totality of emissions
from a given site, and cannot be distinguished for each process. Therefore assessments in
the GES are done for the site as a whole.

For Cd and Cd substances, the use of exposure estimation models that were developed for metals in
general are mostly overly conservative, for the following reasons:
®  For Human health, because of the well-known hazard profile and possible risks related to Cd,
the exposure of workers is strictly controlled, far beyond the general practice that may be
applied on other metals that are also used for exposure model development. This results in
exposure levels in Cd-related industry that are far below model-predicted values. For this
reason, preference is given to using measured exposure values

® For workers, a systematic approach for management of exposure to Cd was developed by
industry, and is applied throughout the EU Cd industry today. This key element is integrated
in each local scenario.

® For environment, the multi-metallic exposure models also use release factors (SPERCs) that
are not reflecting the strict control on Cd-emissions that is observed in the industry.
Consequently, also for environmental assessment, maximal use is made of measured data.

Shortened GES for annexing to the e-SDS

For reasons of clarity, shortened versions of the GES as documented in the CSR have been listed
below. These shortened versions focus on a) operational conditions and b) risk management
measures. Repetition of information contained in the SDS has been avoided by cross-referencing.

How to identify the GES related to a given use?
In table below, the generic exposure scenarios (GES) developed for Cd metal are presented.

Table : Generic exposure scenarios (GES) for cadmium metal (ref : CSR cadmium metal, version Nov 2010)

Number | Sector Uses Code
0 Cadmium metal production Manufacture GES¢4 0
Substance
1 Formulation step: melting, alloying Forrmulation general GES¢ 1
nyrstar
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Number | Sector Uses Code
and casting in massive pieces
2 Formulation step: melting, alloying Forrmulation general GES¢q 2
and manufacture of powders

3 First tier applications Manufacturing of GES¢4 3
other cadmium
compounds
Laboratory reagent GESc4 4
Use of molten GESc4 5
Cadmium

6 Transformation of GESc4 6
massive Cadmium

7 Use of Cadmium GEScq 7
powders

8 Second tier applications DU of massive pieces GES¢4 8
of Cadmium

9 DU of preparations GES4 9
containing Cadmium-
powder

To facilitate the identification of the GES related to a given downstream use, the table below lists
the different uses that were identified for Cd metal. In this table, the downstream user can look up
its use(s) and find the corresponding GES for attachment to his e-SDS.

Table: Identified uses for Cd metal and corresponding Generic Exposure Scenario (GES) (ref: CSR Cadmium
metal, version Nov 2010)

IU number |Identified Use (IU) name GES code
1 Cadmium metal production RLE GES Cd-0
2 Cadmium metal production by pyrometallurgy GES Cd-0
3 Storage of ingots-slabs in warehouses GES Cd-1
4 Production of chemicals (pyro) GES Cd-3
5 Production of chemicals (hydro) GES Cd-3
6 Additive for production of inorganic catalysts GES Cd-2
7 Melting, alloying and casting GES Cd-1
8 Production of "targets" by (EB) PVD GES Cd-1
9 Cadmium casting and rolling GES Cd-1, GES Cd-6
10 Wire and rods manufacturing GES Cd-1, GES Cd-6
nyrstar
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IU number |Identified Use (IU) name GES code
11 Component for brazing products GES Cd-1, GES Cd-6
12 Component for soldering products GES Cd-1, GES Cd-6
13 Downstream use of Cadmium based brazing products GES Cd-8
14 Downstream use of cadmium-based soldering products GES Cd-8
15 Cadmium (alloyed) powder manufacturing GES Cd-2
16 Powders for contact materials GES Cd- 7
17 Use of active powders for batteries GES Cd-7
18 Use of fine powders for mechanical plating GES Cd-7
19 Manufacturing of Cadmium containing-alloys GES Cd-1
20 Use of cadmium containing Ag alloys GES Cd-6
21 Electroplating GES Cd-1
22 PVD / coating GES Cd-8

GES Cd-0: industrial use of Cd-bearing materials, primary and secondary, to produce pure cadmium metal in
several process steps —hydrometallurgical and pyrometallurgical , with occasional controlled exposure.

SU: 3, 8, 14, 0 (Nace C24.4.5., E38.3)
PROC:1,2,3,4,5,8b,9, 22, 25, 26
PC:7

AC: not applicable

ERC: 1,2

Description of activities/process(es) covered in the Exposure Scenario

e Electro-winning

o The Cadmium sulphate solution is circulating continuously between the electrolytic-cells in
the cell-house and the atmospheric coolers outside the building

o The temperature is kept around ~30°C and current is applied between the series of Pb-anodes
and Al-cathodes

o Cadmium deposits at the cathode and 02 is evolved at the anode

o Afoaming agentis added in order to have a blanket of foam at the solution surface in the
cells, and occasionally a cover on the cells, i.0.t. prevent aerosols emissions

o The Cadmium deposit is removed mechanically from the cathodes every ~24h, is washed and
melted in automated furnaces

o The anodes need also to be cleaned from occasional deposits (PbO2/Mn02/...) every 2-3
weeks and replaced by new anodes every ~18 months

o The cells need to be cleaned up regularly from accumulating cell mud
e Distillation process

o Cadmium sulphate solution is treated in successive leaching tanks and Cadmium metal is
precipitated by addition of strong reducing agents (i.e. Zinc powder).

o The solution is filtered and returned to the process; the resulting cake is further bricketed in a
press in order to remove residual entrained solution

nyrstar
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o The Cadmium brickets are molten and fed to a distillation chamber.

o Under vacuum, the cadmium is distilled and further cooled in the condenser zone; the liquid
Cadmium stream is kept under a molten salt layer.

o Cd-sticks are than cast and packed

®  Maintenance activities

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS ;
Cd is produced in its pure form e.g.: >99%
Amounts used: Up to 700 T/y

Frequency and duration of use: Continuous use

Environment factors not influenced by risk management:

Default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:
e Air on the working place is filtered before release outside the building
e All processes are performed indoor in a confined area. All residues containing cadmium are recycled.

e Even when no process waters (e.g. when dry process throughout), some non-process water can be
generated containing Cd (e.g. from cleaning)

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.4 and
appendix exposure controls

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil: See
MSDS section 8.2.4 and appendix exposure controls

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls

Conditions and measures related to municipal sewage treatment plant:
In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e Ifany, all hazardous wastes are treated by certified contractors according to EU and national

nyrstar
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legislation.

e Users of Cd and Cd-compounds have to favour the recycling channels of the end-of-life products e.g.;
the industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd and Cd-compounds have to minimize Cd-containing waste, promote recycling routes and,
for the remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as
waste, according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS
®  Pure Cd is cast as massive metal : sticks or balls

e  Cd-finished product is stored in enclosed buildings

Amounts used: Up to maximum 1T/shift

Frequency and duration of use/exposure: 8hrs shift (worst case)

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure: All processes are carried out indoor in
confined areas.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-1: industrial use of Cd-cathodes, slabs, balls, sticks, primary or secondary, by melting, possibly
alloying, and casting/transformation in required massive formats, and possibly stored as slabs, ingot,
anodes, sheet, bar, rod, wire.

SU: 3,10, 14, 15, 17, 0 (Nace C24.45./C25.6.1).
PROC: 2,3,5,6,8b,9, 13, 15, 21, 22, 23, 24, 26
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PC:7,14,38
AC:1,2,3,7
ERC:1,2,4,5, 103, 11a

Description of activities/process(es) covered in the Exposure Scenario

e Delivering and stockpiling of the metallic cadmium and other alloying metals (e.g. Cu, Ag, Sn, Bi ...).
e Theingots are fed into the melting/alloying furnace.

® The alloying metals and cadmium are mixed and molten at 300°C or just above the melting point of
the resulting alloy.

e The meltis transferred to the casting ladle, cast into ingots, or directly into a (continuous) casting
machine

e The Cd-containing sticks are than cast and packed

®  Maintenance activities

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS; The resulting Cd-
alloy contains up to 85 w/w % Cd

Amounts used: Up to 700 T/y

Frequency and duration of use: Both continuous and intermittent uses apply.

Environment factors not influenced by risk management:

default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:
® Air on the working place is filtered before release outside the building
e All processes are performed indoor in a confined area. All residues containing cadmium are recycled.

e Even when no process waters (e.g. when dry process throughout), some non-process water can be
generated containing Cd (e.g. from cleaning)

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.4 and
appendix exposure controls

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil: See
MSDS section 8.2.4 and appendix exposure controls

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls

Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e If any, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd and Cd-compounds have to favour the recycling channels of the end-of-life products e.g.;
the industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd and Cd-compounds have to minimize Cd-containing waste, promote recycling routes and,
for the remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as
waste , according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS
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e Metallic Cd or Cd alloy is cast in massive form: slabs, ingot, anodes, sheet, bar, rod, wire.

e (Cd-containing finished product is stored in enclosed buildings

Amounts used: Up to maximum 1T/shift

Frequency and duration of use/exposure: 8 hrs shift (worst case), continuous exposure is assumed as default.
Intermittent or occasional exposure can also happen. Occasional use of personal protection equipment

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure:

All processes are carried out indoor in confined areas.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-2: Industrial use of cadmium, pure or alloyed, in the production of Cd powder /dust by different
sputtering techniques. Main application of the product are batteries, chemical industry and corrosion
protection.

SU: 3, 8,9, 10,14, 16, 0 (Nace C20.1.3.)
PROC: 2, 3,5, 8b, 9, 14, 26, 273, 27b
PC:2,7,9b, 14, 19, 20, 40

AC:-

ERC:1,2,4,5, 6a, 6b

Description of activities and processes covered in the exposure scenario:

e Manual deposition of cadmium metal ingots or sticks into a melting furnace (just above the melting
point at ~350°C), under an exhaust hood. The bath surface is covered by a solid layer of ashes reducing
the generation of fumes.

e C(Closed transfer of molten cadmium —communicating vessels- into the induction heated zone and
vaporisation of the liquid cadmium into the reaction chamber (>700°C).

nyrstar
Annex — page 7 Product number: 51612






Annex to the extended Safety Data Sheet (eSDS)

Cadmium

e Under closed and re-circulated inert gas stream (O,-free nitrogen), the injected Cadmium gas stream is
allowed to cool down and to solidify to small Cd-particles

e  Further cooling, filtration and packaging of produced Cadmium dust/ powder. Workers have to place
and adjust the bag or drum under the discharge pipe and to set the process in motion. Filled bags or
drums are subsequently closed and carried to the storage area.

® Maintenance activities

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS

Cd powders are produced alloyed or in their pure form e.g.: up to >99%

Amounts used: Up to 160 T/y

Frequency and duration of use: Both continuous and intermittent use apply

Environment factors not influenced by risk management:

default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:
e Air on the working place is filtered before release outside the building
e All processes are performed indoor in a confined area. All residues containing cadmium are recycled.

e Even when no process waters (e.g. when dry process throughout), some non-process water can be
generated containing Cd (e.g. from cleaning)

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.4 and
appendix exposure controls

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil: See
MSDS section 8.2.4 and appendix exposure controls

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls

Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e Ifany, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd-powders have to favour the recycling channels of the end-of-life products e.g.; the
industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd-powders have to minimize Cd-containing waste, promote recycling routes and, for the
remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as waste
, according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS

e  Pure Cd powder is formed with possibly high dustiness (5-15um (Outotec 2010))
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e Special safety (“easy use”) packaging is used to prevent exposure while packaging

e Cd-finished product is stored in sealed packaging, in enclosed buildings

Amounts used: Up to maximum 1 T/day

Frequency and duration of use/exposure: 8hrs shift (worst case), continuous exposure is assumed as default.
Occasional use of personal protection equipment

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure: All processes are carried out indoor in
confined areas.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-3: Industrial use of Cd-ingots or —powder in the manufacture of other Cd-substances through
different process routes, hydro-, pyro-, electrolytic process.

SU: 3,8,9,10, 0 (Nace C23.9.9)
PROC: 2, 3, 8b, 9, 13, 15, 22, 26
PC:7, 19, 20, 21

AC: not applicable

ERC: 1

a)pyro-process(es) for CdO production

® Feeding of the primary materials (Cd-metal pieces .....) into the melting furnace (just above the melting
point at ~350°C), under an exhaust hood. The bath surface is covered by a solid layer of ashes reducing
the generation of fumes.

e  (Closed transfer of molten cadmium —communicating vessels- into the induction heated zone and
vaporisation of the liquid cadmium into the reaction chamber (>700°C).

e Under closed and re-circulated air gas stream, the injected Cadmium gas stream is oxidised and
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allowed to cool down and to solidify to small CdO-particles
e  Further cooling, filtration and packaging of produced CdO dust/ powder.

b)Local oxydation process of (alloyed) Cd-coatings

e Metallic Cd-coatings, alloyed or not, are superficially oxidised under controlled conditions
e Articles, i.e. contact materials are further assembled and stored

c)Hydrometallurgical processes for production of Cd-O

e Although not applied very often, from a purified cadmium salt solution (predominantly sulphate or
chloride).

Cadmium hydroxide and/or carbonate can be precipitated by the addition of alkalines and filtered
from the solutions.

e  Finally, Cadmium oxide can be generated by calcination (dehydration, de-carboxylation) of the
Cadmium hydroxide or Cadmium carbonate or a mixture of both.

d)Hydrometallurgical processes for production of other Cd-compounds:

e Reception of Cd-bearing materials, if applicable, and transfer to the reaction tank (with reaction
media)

e Reception of the Intermediate cadmium bearing solution in the reaction tank, if applicable

e Sequential addition of reagents for purification steps and filtration on press filter, when needed.
Ventilation is adapted.

®  Possibly concentration by water evaporation, under exhaust hood.
e Discharge and packaging of produced Cd-compound crystals.
e Filled bags or drums are subsequently closed and carried to the storage area.

e  Exposure to dust can occur during packing of the powdery forms. Solutions are packed in intermediate
bulk containers (ca. 1 m® capacity); solids are packed in bags or drums.

®  Maintenance activities

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS; Cd compounds are
produced in their pure form e.g.:>99%

Amounts used: CdO : Up to 4000T/y ; most other Cd-compounds up to 10T/y

Frequency and duration of use: Continuous use assumed

Environment factors not influenced by risk management: default for generic scenario: 18,000 m3/d, unless
specified otherwise

Other given operational conditions affecting environmental exposure:
e Air on the working place is filtered before release outside the building
e All processes are performed indoor in a confined area. All residues containing cadmium are recycled.

e Even when no process waters (e.g. when dry process throughout), some non-process water can be
generated containing Cd (e.g. from cleaning)

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.4 and
appendix exposure controls

+ Local exhaust ventilation on furnaces and other work areas with potential dust generation, dust capturing
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and removal techniques.

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil:

See MSDS section 8.2.4 and appendix exposure controls

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls

Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e [fany, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd-compounds have to favour the recycling channels of the end-of-life products e.g.; the
industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd-compounds have to minimize Cd-containing waste, promote recycling routes and, for the
remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as waste
, according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS

®  Pure Cd compounds can be formed as a fine powder (e.g. CdO- of high dustiness), or as flakes, crystals
(e.g. Cd(NOs3),, Cd(OH),-more hygroscopic-low dustiness).

e Special safety (“easy use”) packaging is used to prevent exposure while packaging

e Cd-finished product is stored in sealed packaging, in enclosed buildings

Amounts used: Up to maximum 6T/shift (CdO), 0.02T/shift (most other compounds)

Frequency and duration of use/exposure: 8hrs shift (worst case), continuous exposure is assumed as default.
Occasional use of personal protection equipment

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure: All processes are carried out indoor in
confined areas.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.
Occupational exposure/environmental emissions
The DU works inside the boundaries set by the ES if either the proposed risk management measures as
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described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-6: industrial use of cadmium massive pieces (i.e. slabs, bars, sheets,..), pure or alloyed, cast and
optionally further transformed (rolled, extruded and/or punched) to form semi-finished articles.

SU: 3, 14, 15, 16, 0 (Nace C24.5.3./C25.9.3.)
PROC:5, 6, 8b, 14, 21, 22, 24, 25, 26
PC:7,38

AC:1,2,3,7

ERC:2,3,5

Description of activities and processes covered in the exposure scenario: e.g. casting for rolling,
granules/pellets casting, die casting, brass casting,...

e High purity cadmium (alloy) ingot is melted, optionally alloyed, and poured onto the casting machine
or fed to the injection nozzles.

e  After casting, the strip, the granules are rapidly cooled down; the remainder of the operations
concerns automated operations of the final articles that are in the massive metal form.

e All castings are performed in specially dedicated equipment.
e The fresh scrap is usually returned to the melting furnace for direct recycling
e The articles are stored before shipping to the final transformer

®  Maintenance activities

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS
-cadmium alloys can be made with Cu, Ag,...

-These alloying elements may trigger some specific risk management measures for workers
Amounts used: Up to 0.25 T Cd/day; 50 T/y

Frequency and duration of use: Continuous use

Environment factors not influenced by risk management:

Default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:
e The molten cadmium in the kettle is at melting point (350 °C)

e Dry manipulations in the whole building: only cooling water is present, whether in closed circuit or re-
used in another process.

® Air on the working place is filtered before release outside the building

e Allindoor processes, in confined area.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.4 and
appendix exposure controls

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil: See
MSDS section 8.2.4 and appendix exposure controls

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure

nyrstar
Annex — page 12 Product number: 51612





Annex to the extended Safety Data Sheet (eSDS)

Cadmium

controls

Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e [fany, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd-powders have to favour the recycling channels of the end-of-life products e.g.; the
industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd-powders have to minimize Cd-containing waste, promote recycling routes and, for the
remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as
waste, according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS
e The composition of major Cd alloys can be as high as Cd: > 80 %.

e  Variable amounts of Cu, Al, Ni, Ag ... may be added to some alloy products to improve specific
properties of the material

e The final forms are massive metal

e  (Cd-containing finished product is stored in dedicated zones

Amounts used: Up to 0.25 T/d, 50T/y

Frequency and duration of use/exposure: 8hrs shift (worst case), continuous exposure is assumed as default.
Occasional use of personal protection equipment

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure:
e The molten cadmium in the kettle is basically at melting point (350 °C).

e All processes are carried out indoor in confined areas.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be

nyrstar
Annex — page 13 Product number: 51612






Annex to the extended Safety Data Sheet (eSDS)

Cadmium

acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-7: Industrial and professional use of metallic Cd-powder, alloyed or not, passivated or not, for
mechanical plating, or the production of different basic mixtures or dispersions i.e. for batteries, catalysts,
paints, inks, contact materials, and other coatings.

SU: 3,9, 14, 15, 16, 0 (Nace C25.6.1./27.2)
PROC: 3,5, 8b,9, 24

PC: 7,14
AC:1,2,3,7
ERC:2,3,4,5

Description of activities and processes covered in the exposure scenario:

In the described process, the cadmium powder containing preparation/mixture is:
e unpacked and possibly stored in silos
e Extracted from the silo, and

® in the making of basic mixtures, dosed and fed with the other reagents and/or solvents to the
mixing tank, batch-wise or continuously, according the process receipt. The resulting cadmium
containing mixture (dispersion, paste) is directly further processed, or packed, for further
treatment/use.

® inthe very specific applications, e.g. mechanical plating, the cadmium powder is applied to the
steel surface

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS; Cd powder in
preparation can be > 25%, usually <5%

Amounts used: maximum 10 T/y;

Frequency and duration of use: Continuous production is assumed as a worst case. It is possible that use is not
continuous; this has to be considered when estimating exposure.

Environment factors not influenced by risk management:

Default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:

e Even when no process waters occur, some non-process water can be generated containing Cd (e.g.
from cleaning)

e All processes are performed indoor in a confined area.

e All residues containing Cd are recycled.

Technical conditions and measures at process level (source) to prevent release:
e Local exhaust ventilation on mixing tanks and other work areas with potential dust generation.
e Dust capturing and removal techniques are applied.

®  Process enclosures where relevant and possible

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil: See
MSDS section 8.2.4 and appendix exposure controls

e  Operations may imply wet or dry process-steps

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls
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Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e [fany, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd and Cd-compounds have to favour the recycling channels of the end-of-life products e.g.;
the industrial Ni-Cd rechargeable battery -by far the most important application in Europe —is to be
collected, treated and recycled.

e Users of Cd and Cd-compounds have to minimize Cd-containing waste, promote recycling routes and,
for the remaining, dispose the waste streams according the Waste regulation

Conditions and measures related to external recovery of waste:

By-products formed during the process are either recycled, internally or externally, or handled further as waste
, according the waste legislation

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS

e The concentration of Cd in the mixtures can be up to >25% but is usually of the order of <= 5%,
depending on the application.

e The preparation can be solid, or in the liquid state, as a paste or dispersion or other viscous or
polymerized matrix, with a low level of dustiness; however, powder forms can occur, medium
dustiness is therefore applied as a worst case.

Amounts used: Max 10T/y = 0.05 T/d depending of application

Frequency and duration of use/exposure: 8-hour shifts (default worst case) are assumed as starting point; it is
emphasised that the real duration of exposure could be less. This has to be considered when estimating
exposure.

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure:
e Wet or dry processes

e Allindoor processes in confined area.

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
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can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

GES Cd-8: Industrial and professional use of massive pieces made of — or coated with — cadmium, alloyed or
not.

SuU: 3, 14, 15, 16, 17, 18, 19, 22, 0 (NACE C25.6.1., C25.9.3.)
PROC: 1, 2, 21, 22,25

PC:7,38

AC:1,2,3,7

ERC: 1, 2, 4,5, 103, 11a

Description of activities and processes covered in the exposure scenario:

This scenario covers both the industrial scale processes and professional use. In the described process, the Cd
metal containing preparation/mixture is further processed, involving potentially the following steps:

e Reception/unpacking of material

®  Final application, embedding, or shaping to produce the end product or article.

Contributing scenario (1) controlling environmental exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS

Cd metal in the article is < 25% when located in the coating, >25% when located in the mass of the article.

Amounts used:
e The quantities involved in this scenario are 10-50 times smaller than in blending.
e Typical quantities for Industrial use are 1T/y (typical), maximum 10T/y (in industrial setting).
e  For professional use: Maximum 1T/y

® (consumer use is advised against)

Frequency and duration of use: Continuous production is assumed as a worst case. Usually, use is not
continuous; this has to be considered when estimating exposure..

Environment factors not influenced by risk management:

Default for generic scenario: 18,000 m3/d, unless specified otherwise

Other given operational conditions affecting environmental exposure:

e Solid, so in principle all dry processes throughout, no process waters. Even when no process waters
occur (with dry process throughout), some non-process water can be generated containing zinc (e.g.
from cleaning)

® Inindustrial and professional setting, processes are performed usually indoor in a confined area.
Professional use can be outdoors.

e All residues containing zinc are recycled.

e Air on the working place is filtered before release outside the building (industrial setting)

Technical conditions and measures at process level (source) to prevent release:
® |nindustrial and professional setting indoor, the following applies:

o Local exhaust ventilation on dusty/high temperature operations and other work areas with
potential dust generation.

o Dust capturing and removal techniques are applied.
o Process enclosures where relevant and possible.

® No outdoor professional use is assumed
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Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to soil:
® |nindustrial and professional setting indoor, the following applies:
o No process waters, so possible emissions to water are limited and non-process related.

o If Cd emissions to water, on-site waste water treatment techniques can be applied to prevent
releases to water (if applicable) e.g.: chemical precipitation, sedimentation and filtration
(efficiency 90-99.98%).

= By exposure modelling it is predicted that at use quantities of =5 T/y, refinement of
the exposure assessment to water and sediment needs to be made (exposure
assessment based on real measured data and local parameters). Treatment of the
emissions to water may be needed under such conditions (see “exposure estimation
and risk characterisation”).

o Air emissions are controlled by use of bag-house filters and/or other air emission abatement
devices e.g. fabric or bag filters, wet scrubbers. This may create a general negative pressure in
the building.

Organizational measures to prevent/limit release from site: See MSDS section 8.2.4 and appendix exposure
controls

Conditions and measures related to municipal sewage treatment plant:

In cases where applicable, default size of the municipal STP (2000 m3/d), unless specified otherwise.

Conditions and measures related to external treatment of waste for disposal:

e Ifany, all hazardous wastes are treated by certified contractors according to EU and national
legislation.

e Users of Cd and Cd-compounds have to favour the recycling channels of the end-of-life products

e Users of Cd and Cd-compounds have to minimize Cd-containing waste, promote recycling routes and,
for the remaining, dispose the waste streams according the Waste regulation.

Conditions and measures related to external recovery of waste:

e All residues are recycled or handled and conveyed according to waste legislation.

Contributing scenario (2) controlling worker exposure

Product characteristics: see sections 3 (composition) & 9 (phys-chem properties) of MSDS
Cd metal in the article is < 25% when located in the coating, >25% when located in the mass of the article.
e The Cd containing mixture is in the solid state, usually with a low level of dustiness;

e However, for some processes, e.g. brazing (PC 38), Cd-fumes can be generated; for these processes,
high dustiness is considered

Amounts used:
e The quantities involved in this scenario are usually <1T/y in industrial setting, maximum 10T/y

e Professional use (in non-industrial setting) can amount to 1T/y maximum

Frequency and duration of use/exposure: 8 hour shifts (default worst case) are assumed as starting point; it is
emphasised that the real duration of exposure could be less. This has to be considered when estimating
exposure.

Human factors not influenced by risk management: Uncovered body parts (potentially) face exposed as a
result of the nature of the activity

Other given operational conditions affecting workers exposure:
e Dry processes: dry operational conditions throughout the process; no process waters;
e Allindoor processes (industrial) in confined area
e High temperature processes can occur (brazing)

e All processes are carried out indoor in confined areas, no outdoor use assumed

Technical conditions and measures at process level (source) to prevent release: See MSDS section 8.2.2 and
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appendix exposure controls

Technical conditions and measures to control dispersion from source towards the worker: See MSDS section
8.2.2 and appendix exposure controls

Organisational measures to prevent /limit releases, dispersion and exposure: See MSDS section 8.2.1 and
appendix exposure controls

Conditions and measures related to personal protection, hygiene and health evaluation: See MSDS section
8.2.3 and appendix exposure controls

Exposure estimation and reference to its source: not relevant, refer to CSR.
Risks for workers and to the environment have to be assessed considering the PNECs and DNELs mentioned
under SDS sections 8.1.4.

Guidance to DU to evaluate whether he works inside the boundaries set by the (G)ES.

Occupational exposure/environmental emissions

The DU works inside the boundaries set by the ES if either the proposed risk management measures as
described above are met or the downstream user can demonstrate on his own that his operational conditions
and implemented risk management measures are adequate. Detailed guidance for evaluation of ES can be
acquired via your supplier or from the ECHA website (guidance R14, R16). Environmental and human exposure
can be measured or modelled (more information on tools available in SDS section 8.1.4.).

In addition, bioavailability corrections can be integrated in the exposure assessment, if the environmental
parameters that are needed for the calculations are documented (see SDS section 8.1.4.)

nyrstar
Annex — page 18 Product number: 51612






Annex to the extended Safety Data Sheet (eSDS)

Cadmium

Appendix Exposure controls

1. Management of the risk related to Cd exposure at the workplace

The protection of workers in the Cd-related industry is achieved by the systematic implementation of
a carefully designed stepwise risk management system, outlining measures to control worker
exposure and combining measurements of both exposure and effect. The system is aimed at
prevention of exposure and protection against early manifestation of (subclinical) effect at the level
of the critical organ, the kidney. The system is described in detail in the industry guidance document
“Management of the risk related to the chronic occupational exposure to cadmium and its
compounds” (ICdA 2006). It involves essentially 2 phases of action:

1) Controlling the Cd-concentration in the workplace air
Firstly, technical measures are taken to comply with the indicative EU (i-) OEL of 4 ug respirable

Cd/m? proposed by SCOEL in compliance with art. 3 of directive 98/24/EC (2009). This i-OEL is taken
forward as a DNEL; compliance with the i-OEL is mandatory if no other measurements of Cd-
exposure and effect (as described below) are performed. The OEL of 4ug Cd/m3 is applicable to Cd

and Cd-compounds in general, unless the limited solubility of a given Cd-compound is documented.
The total/inhalable fraction corresponding to the respirable fraction is function of the particle size of
the inhaled particles.

2) Individual medical follow up of parameters of exposure and effect
In general when working with cadmium, and, notably, if compliance with the i-OEL cannot be

ensured in a consistent way, protection of the worker is ensured by complementary risk reduction
measures and compliance with biological indicator limit values at the individual level. These
measures include:

e Personal respiratory protection and hygiene measures if appropriate (see below, section
“Conditions and measures related to personal protection, hygiene and health evaluation” for
detail), in combination with

¢ Medical follow-up of the worker involving regular measurement of biological indicators of
both exposure and effect:

o exposure: measurement of Cd in urine (ug Cd/g Creatinine) and /or Cd in blood (ug
Cd/l) to assess integrated systemic exposure of the individual
o effect: measurement of early (subclinical) indicators of tubular (kidney) dysfunction.
Well-established biological indicators (BI) for Cd-effect are e.g. f-microglobuline
(B2-MG) and retinol binding protein (RPB).
The specific medical supervision (for details see ICdA 2006 — part Il, section 4) is complementary to
the technical and hygiene measures taken. It integrates exposure through all possible routes by
assessing the Cd-body burden and assesses early biological indicators (Bl’s) of (subclinical) renal
effect. It ensures as such that the risk to Cd-exposed workers is fully controlled.
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The results of the medical supervision are applied as follows (see also Figure below):

»
B.L Integrated Risk
(Hg/9C) management
based on Cd-Air,
300 Cd-U and
biological
indicators of
cd-Air " 3 : kidney function
(ng/m3 s . Cd-U
4 (ngCd/gC)

Figure: lllustration of Eurometaux/ICdA medical supervision guidance (2006) (BI: biological
indicators; C: creatinine)

General medical follow-up level

— Cd-U <2 pg Cd/g creatinine (C). This is a conservative threshold based on general population
studies, as described in Section 5.6.2. In this situation, the worker is followed by general
medical follow-up (complementary indicator: Cd-B < 5 pg Cd/L). No further special action is
required beyond proper implementation of the general hygiene procedures and medical
surveillance.

Action level

— 2<Cd-U<5pgCd/gcreatinine: Action level zone. This zone is defined by the threshold
based on studies at the workplace, as described in Section 5.6.2. Observation of Cd-U (or Cd-
B) values in this “ action” zone triggers (complementary trigger: 5 pg Cd/I < Cd-B < 8 pg Cd/I)
an individual follow up of the worker characterized by:

o Systematic and frequent follow up of exposure by measuring Cd-U (complementary
analysis: Cd-B), combined with individual analysis and follow-up of hygiene
behaviour

o Measurement of biological indicators (BI’s) of early renal dysfunction (e.g. beta-2
microglobuline (B2-M) or retinol-binding protein (RBP) on a regular basis;

When the worker moves into this action level zone, the occupational doctor and plant hygiene team
will check for the reason for the increased exposure (analysis of the workplace, with a view to
identify possible substance releases, analysis of compliance with hygienic procedures, and interview
with the worker to assess possible other causes, e.g. due to current or previous exposure, due to
personal hygiene behaviour?).
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Based on the results of the individual medical surveillance programme, the following management
decisions are taken:

e The worker remains in the action zone: If the Cd-U (Cd-B) values do not progress further
towards the threshold and the Bl’s remain stable and below the reference value (e.g. 300
ug/g creatinine for B2-MG and RBP), the worker is kept at the workplace. Additional hygiene
measures are taken as appropriate, and medical follow-up is strictly continued.

* The worker is removed from exposure:

o If Cd-U>5 ug Cd/g creatinine (or Cd-B > 8 ug/l) and/or
o If the BI’s are exceeding the reference values or showing a consistent pattern of
increase which may lead to approaching the reference values
The management scheme as outlined above is applicable to workers that entered the Cd industry
rather recently. Workers that have been working in the Cd-industry for long may have been
historically exposed to elevated Cd -levels, and may show e.g. Cd-U levels exceeding 5 pug/gC due to
historical exposure. The supervising medical doctor will evaluate these individuals carefully, focusing

on the Bl’s. In any case, when Bl values exceed the Bl-reference values or approach them, the worker
will be removed from Cd-exposure.

In addition to the above, general industrial hygiene programmes are to be implemented , as required
by EU Directive 98/24/EC on protection of workers from chemical agents and other referenced
systems on best practice : IPPC-BREF notes, BIMSCH or equivalent, ICH-Q7, FAMI-QS, 1SO9000, ISO
13.100 or alike:

o General industrial hygiene practice

o Collective protection measures and use of warning & safety signs
o Minimizing the number of workers exposed or likely to be exposed
o

Workplace cleanliness: ensure procedures are designed, written and implemented so
as to make sure cleanliness is obtained at workstations, work sections, traffic and
storage areas, upper areas, building structures and various horizontal surfaces, air
suction ducts.

o Procedures for process control

2. Appropriate engineering controls

The GES for Cd production mentions the following in this respect, in addition to the risk management
scheme, outlined under 8.2.1.:

Technical conditions and measures at process level (source) to prevent release

® Process enclosures or semi-enclosures where appropriate.

® Local exhaust ventilation on furnaces and other work areas with potential dust generation,
dust capturing and removal techniques

e Containment of liquid volumes in sumps to collect/prevent accidental spillage
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Technical conditions and measures to control dispersion from source towards the worker

® Local exhaust ventilation system (high efficiency 90-95%)

e Cyclones/filters (for minimizing dust emissions) : efficiency: 70-90% (cyclones), 50-80% (dust
filters), 85-95% (double stage, cassette filters)

® Process enclosure, especially in potentially dusty units

e Dust control: dust and Cd in dust needs to be measured in the workplace air (static or
individual) according to national regulations.

e Special care for the general establishment and maintenance of a clean working environment
by e.g.:
e (Cleaning of process equipment and workshop
e Storage of packaged Cd finished product in enclosed buildings

3. Personal protection

The GES for Cd production mentions the following in this respect, in addition to the risk management
scheme, outlined under 8.2.1.:

The implementation of the risk management system as described above is strictly followed up.

Individual protection measures are used as described in detail in the Guidance document
“Management of the risk related to the chronic occupational exposure to cadmium and its
compounds” part Il, section 2, 3, 4 (ICdA 2006), and consist of e.g.:

e Compulsory Wearing of gloves and protective clothing (efficiency >=90%).

* With normal handling, no respiratory personal protection (breathing apparatus) is necessary.
If risk for exceedance of OEL/DNEL, use e.g.:

o dust filter-half mask P2 (efficiency 90%)

o dust filter-half mask P3 (efficiency 95%)

o dust filter-full mask P2 (efficiency 90 %)

o dust filter-full mask P3 (efficiency 97.5%)
® |n case of dust production: protective goggles

* |Implement best practice in collective and individual hygiene procedures in compliance with
articles 5 and 8 of 98/24/EC: Information-training of the workers and their staff and line
managers focused on careful hygiene behaviour. Industry practice has shown that at low
levels of industrial exposure to Cd, such as at the level of the i-OEL, installation and
maintaining of careful industrial hygiene practice is important for ensuring full control of
exposure. Such hygiene practice must cover all aspects of the workday and involves e.g.:

o Provide training on the risks resulting with substance exposure at the time of hire
and on a periodic basis

o Provide work clothes with appropriate change frequency (weekly to daily) and
ensure they are used accordingly

o Structure adequate changing rooms (three compartments: city side, shower and
workplace side with 2 locker rooms)

o Ensure snacks and drinks are provided and consumed in proper areas separated from
the main work area

o Develop adequate procedures to ensure meals are not a source of substance intake
(hand washing, partial removal of work clothes before taking meals,...)
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o strict separation of workplace and other working environments at the plant,
including changing clothes

o Ensure showers are taken at end of shifts

No smoking on the workplace

o No-bearing of beards, no moustaches...

o

4. Environmental exposure control

Technical conditions and measures at process level (source) to prevent release

Process enclosures and closed circuits where relevant
Careful use of sulphuric acid and corrosive solutions, if used

When applicable, sump containment is provided under the tanks and the filters i.o. to collect
any accidental spillage and process waters need to be specifically treated before release

Dusty operations occur under a specific local ventilation hood

Process air is filtered before release outside the building

Technical onsite conditions and measures to reduce or limit discharges, air emissions and releases to

soil

On-site waste water treatment techniques are (if applicable) e.g.: chemical precipitation,
sedimentation, filtration (efficiency 90-99.98%).

Containment of liquid volumes in sumps to collect/prevent accidental spillage

Air emissions are controlled by use of bag-house filters and/or other air emission abatement
devices e.g. fabric (or bag) filters (up to 99% efficiency), wet scrubbers (50-99% efficiency).
This may create a general negative pressure in the building. Air emissions are continuously
monitored.

Organizational measures to prevent/limit release from site

In general emissions are controlled and prevented by implementing an integrated
management system e.g. ISO 9000, ISO 1400X series, or alike, and, when applicable, by being
IPPC-compliant.
o Such management system should include general industrial hygiene practice e.g.:
= information and training of workers,
= regular cleaning of equipment and floors,
= procedures for process control and maintenance,...

Treatment and monitoring of releases to outside air, and exhaust gas streams (process &
hygiene), according to national regulation.

SEVESO 2 compliance, if applicable.
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