Nickel Occupational Exposure Level
(OEL) Workshop: Latest
Developments in Europe, USA &
Japan
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Agenda

Part 1 (first hour)
Nickel Institute lead OEL initiatives: review of last 5 years
EU wide nickel OEL derivation: history and current status

Relationship between EU nickel OELs and REACH DNELs - current
NiPERA position on nickel OELs

OEL-related activity in the USA: Cal PELs, OSHA, ACGIH
OEL-related activity in Japan

Part 2 (second hour)- Company Participation
Other OEL-regulatory initiatives in Asia-Australia
Progress on exposure speciation

Industrial Hygiene issues of concern to Nickel Institute Member
Companies

Identification of datagaps and suggestions for future research
General Discussion
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Main Health Effects of Concern for Derivation b
of Nickel OELs

Respiratory carcinogenicity (nose and lung) — water soluble
and insoluble nickel compounds but not nickel metal (animal
and human studies)

Non cancer respiratory toxicity and sensitization — all soluble
nickel compounds and nickel metal cause toxicity in animals.
Only soluble Ni linked to respiratory sensitization and rhinitis
in humans

Possible reproductive effects - water soluble nickel
compounds in animal studies
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Non-Cancer Respiratory Effects %
Immunotoxicity” (with lung
implication)
Allergy (rhinitis)
Asthma

Bronchial disease
Bronchitis
Chronic bronchitis

Chronic Obstructive Pulmonary Disease
(CoPD)

Emphysema

Deep lung disease and infiltrative
disease

Acute pneumonia

Lung Inflammation

Lung fibrosis
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Nickel Institute -lead OEL Initiatives: Review of b

Last 5 years

2007: Nickel Institute OEL Working Group prepared a Reference paper on
science-based OELs for nickel substances

2008: manuscript on inhalation study with nickel metal powder was
published

2009: contract signed with Istituto Superiore di Sanita, Roma (Italy) for a
toxicokinetic study in human volunteers- ongoing —related to biol. mon.
2009: two papers examining the efficiency of the first step of the Zatka
chemical method of speciation to assess “soluble Ni” were published
2010: manuscript on particle size extrapolation for aerosol exposures was
published

2010: Site-specifc guidance for REACH companies (IOM, UK)
2010-2011: pilot project examined the quick detection of Ni in urine using

adsorptive stripping voltammetry, with dimethylglyoxime as chelating agent -
Mineral Industry Research Organisation (MIRO)

2011: Update of 2005 Feasibility Study of compliance with lower nickel
OEL. Targeted socioeconomic assessment of cost-benefits (ERM)

Nickel Institute lead OEL initiatives: review of b

last 5 years

2004-2007 NI OEL Working Group prepared a Reference
paper on science-based OELSs for nickel substances in
response to Norway'’s (2000) initiative to lower the nickel
Administrative Limit Value (ALV) to 0.02 mg Ni/m3 (eventually
adopted as 0.05 mg Ni/m3)

Respiratory cancer and non cancer effects in animals and
humans were considered in a weight of evidence approach

Draft paper was reviewed by the Member companies working
group

Draft paper was reviewed by external group (IOM, UK)

6/20/2011



X
0000
0000
o000
'3
. - - [ ]
NiPERA 2007 Inhalable OELs in mg Ni/m 2
!
Cancer Effects Non Cancer Toxicity ACGIH
Effects 1998
Water soluble Ni 0.04-0.06 0.08-0.4 0.1 l
compounds
Ni Sulfides 0.02-0.08 0.09-0.49 0.1 l
Nickel Oxides 0.2-0.6 0:42-1.5 0.2
Elemental Ni 0.44* 0.08-0.44) 15 l
Human data, Linear D- Mostly animal data,
R (1/1000), exclude *use rat study &
Grimsrud human data in weight
of evidence approach

Urinary BEAL : Based on possible reproductive effects. Work is ongoing to

assess the urinary nickel levels associated with the WHO Tolerable Daily Intake

Respirable size powders : It was suggested that these values would be ~10
-fold lower, when animal data was used as starting point.

EU OEL Discussion

In 1997 NIiPERA delivered a Criteria Document on nickel to

Directorate General V (DGV)

Between 1997 and 2009 different Rapporteurs took over the

nickel dossier. NIPERA maintained contact and offered
information as it was developed/requested

In 2005, DG Employment took control of OEL development and
the scientific committee SCOEL was created

In 2007 the risk reduction measures following the risk assessment
of 5 nickel substances under the Dangerous Substances
regulation gave priority to the setting of a EU-wide OEL for nickel
A first proposal for a nickel OEL was available for public comment
on March 2009- Rapporteur: A. Hartwig (Germany and MAK)

A second revised proposal for nickel OELs was made public in
January 2011
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Jan 2011 SCOEL Proposal

Revised proposal for nickel OELSs:
Indicative (?) inhalable size OEL of 0.01 mg Ni/m3 - all nickel
compounds

indirect genotoxic carcinogens with threshold !
no great concern regarding respiratory sensitisation !
no carcinogen concern for nickel metal !
indicative respirable size OEL of 0.005 mg Ni/m3- nickel metal and
all nickel compounds
biological guidance value (BGV) for nickel in urine of 3 pug Ni/liter
not based on adverse health effects ’
not a biological limit value (BLV)
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Biological Guidance Value ( BGV) for nickel

Where current toxicological data cannot support a health-based
Biological Limit Value (BLV), a Biological Guidance Value (BGV)
might be established. This value represents the upper concentration
of the substance or a metabolite of the substance in any appropriate
biological medium corresponding to a certain percentile (generally
90 or 95 percentile) in a defined reference population

A value exceeding the BGV might help to identify the need for an
expert consideration of the working conditions. Unlike BLVs, BGVs
are not health-based and therefore do not set a limit between
absence or presence of adverse health effects

Since BLVs (but not BGVSs) translate into limit values, BGVs do not
have legal weight (not part of Directive, not mandatory)
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Biological Guidance Value ( BGV) for nickel

The BGV of 3 pg Ni/liter urine comes directly from the latest
German MAK 2009 proposal for a Biological Reference Value
(BAR) of 3 pg/l

SCOEL is proposing, in line with the German MAK, a
background level for biological material which has no
toxicological correlation

At the moment this has no direct regulatory consequence but
pushes the exposure limit discussions towards a zero-
exposure-aim (tolerable risks for workers that are no higher

than those for the general population).
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Evolution of SCOEL’s proposals

OELs (mg Ni/m 3) BGV (ug Ni/L for urine)

SCOEL NiPERA's SCOEL
2009 response 2011
proposal proposal
Soluble Ni 0.05 inhalable
—— - 0.01 inhalable
Sulphidic Ni 0.05 inhalable
Oxidic Ni 0.01 inhalable 02 inhalable 0.005 respirable
Metallic Ni 0.2 inhalable .005 respirable
Urine Ni 1.5 >>1.5 3.0
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Jan 2011 SCOEL Proposal %
Respiratory 0.005 mg Ni/m3
Toxicity - === respirable
Rat-respirable
Respiratory —— = — —p 0.01 mg Ni/m3
Cancer inhalable
Human-total

-Took particle size differences into account and derived respirable OEL based on
animal data but now worry about clearance differences

-They implicitly accepted lack of carcinogenicity of Ni metal and

did not worry about respiratory sensitization (soluble Ni)

-They did not consider speciation
-They did not correct for intersampler comparisons
-Applied large assessment factor
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Particle Size Extrapolation oo
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Particle Size Extrapolation oo
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NIPERA'’s response to 2011 proposal

Respiratory
Toxicity
Rat-respirable

Respiratory

Cancer

Human-total

———————>

|
0.005 =p 0.01 mg Ni/m?
respirable

0.01 =» 0.05 mg Ni/m?3
inhalable

-Inhalable OELs based on human cancer data makes sense to protect nose and lung
-Respirable OEL based on toxicity from rats is reasonable, addresses exposure to

fine powders.
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OELs in mg Ni/m 3, BGV in pg Ni/L for urine
SCOEL NiPERA REACH SCOEL NiPERA
2009 response DNELs 2011 response
Soluble Ni 0.05 0.01 0.05
inhalable inhalable | inhalable
Sulfidic Ni 0.01 0.05 0.05
inhalable |inhalable |inhalable* |0.005 0.01
Oxidic Ni 0.2 respirable |respirable
inhalable
Metallic Ni 0.2 0.005 0.01
inhalable respirable | respirable
Urine Ni 15 >>1.5 None 3.0 Context

* Site-specific guidance: 0.2 mg Ni/m3 inhalable if only metal and NiO present
0.01 mg Ni/m3 respirable.
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NiPERA’s comments on 2011 proposal

Using same data, higher numbers can be derived (e.g., as in
REACH DNELSs)

Inhalable OEL of 0.05 mg Ni/m?3 for all Ni substances can be
supported by same epidemiological cancer data considered
by SCOEL. Need to look at intersampler comparison for
inhalable calculation based on human data

Respirable OEL of 0.01 mg Ni/m? for all Ni substances can be
supported using animal toxicity data (comparison at deposited
dose level). Comparison at retained dose level also support
respirable value of 0.01 mg Ni/m?3

Reality check with limited human data on adverse respiratory
effects of nickel
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Workplace Long-Term Respirable OEL EEE:
Derivation Taking Clearance Rates Into b

Account (April 2011)

Rat- Toxicity
Respirable NOAEC Respirable HEC
Soluble Ni 0.03 0.02
Sulfidic Ni 0.03 (0.1/3) 0.01
Oxidic Ni 0.17 (0.5/3) 0.01-0.05
Metallic Ni 0.03 (0.1/3) 0.01

Respirable aerosols = 0.01 mg Ni/m 3

NOAEC= No Observable Adverse Effect Concentration

HEC= Human Equivalent Concentration »

6/20/2011
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Important Considerations

Basic approach taken by SCOEL is beneficial to industry
because it accepts a threshold for carcinogenicity and lack of
carcinogenicity for nickel metal

SCOEL proposal for an Indicative OEL for carcinogens
expected to generate debate at DG-Employment

Binding OELs based on cancer could be much lower (< 1 ug
Ni/ms3)

Respiratory sensitization issues may be raised

Possible Third Directive for carcinogens with thresholds

Complying with a respirable Ni OEL will require the use of
respirable samplers or cascade impactors that allow
calculation of percent of Ni mass in respirable fraction

23

EU Nickel OEL: Process Steps

2009
2011

2012

2013

Step 1. SCOEL document circulated for consultation
COMMENT (Nov, 2009) : Science based

Step 2. SCOEL revised proposal + doc based on comments
COMMENT (Mar 2011): Science based
Step 3. Final SCOEL recommendation published by DG-Employment

Step 4. DG-Employment published draft Indicative OELV Directive

COMMENT: Socio-economic impact assessment (SEA) may be relevant in
considering whether Member States (MS) support the limit’s inclusion in the
draft Directive

Step 5. Luxemburg Advisory Committee (LAC) reviews Directive and forwards
opinion to DG-Employment
COMMENT

Step 6. DG-Employment revises Directive and submits to TPC

Step 7. Technical Progress Committee (TPC) vote to accept draft Directive
Inter service consultation

Step 9. Final Directive published in Official Journal

Step 10. Member States implement OEL

MS commence work to implement IOELV Directive. Any SEA aspects
identified during negotiations may be taken into account in setting MS limits 24
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EU Nickel OEL:
inhalable OEL

Impact of a 0.01 mg Ni/m 3

Area/activity Impact Assessment (mg/m3)
0,1 0,05 0,01

Producers

Roasting Furnace

Grinding

Leaching

Cutting/shearing/packaging
Stainless Steel
Electric Arc Furnaces
Slag Removal Station
AOD

VOD

Finishing station
Refractory work
Continuous catsing
Cold rolling

Coil preparation
Pickling & annealing
Nickel Alloys

Melting

Electrode welding
Arc cutting

Fettling

Powder User

Mixing of powders
Power Machining (presses, sintering, sieving
Grinding

Feasibility study prepared by

General cleaning ERM in 2005
esults do not meet standard
x and median results meet
Median/mean only meets standards 25
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EU Nickel OEL: Impact of a 0.01 mg Ni/m 3 0o
. [ ]
inhalable OEL
Nickel Metal Producers RCR excl OEL
RPE Assessment
32
Carbonyl refining of Ni matte 14
yl refining i 588
28.8
. . ] : o 0.8
Electrolytic refining Ni sulphide via Ni 08
chloride -
3
2.8
Electrolytic refining Ni matte via Ni sulfate 9.4
0.6
. . 2.8
Leaching and hydrogen reduction of
) 294
sulfide matte
4.2
Thermal decomposition of complexed Ni 2
into powder 4.2
Exposure greater then 0.05 mg Nifm® Feasibility study updated by
Exposure between 0.01- 0.05 mg Ni/m?® ERM in 2010
Exposure lower or equal to 0.01 mg Ni/m®
26
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EU Nickel OEL: Impact of a 0.01 mg Ni/m 3

inhalable OEL

Downstream users: steel

manufacturing

RCR excl
RPE

OEL
Assessment

Stainless, special steel, special alloys

manufacturing

0.8

0.24

0.6

0.18

0.38

Integrated steel and iron manufacturing

0.8

0.2

0.6

0.2

0.4

EAF carbon steel manufacturing

0.8

0.24

0.6

0.2

0.4

=

Exposure greater then 0.05 mg Ni/m
Exposure between 0.01- 0.05 mg Ni/m?®
Exposure lower or equal to 0.01 mg Ni/m®

Feasibility study updated by ERM

in 2010
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Derivation (2009-2010)

Workplace Long-Term Inhalable REACH DNEL o

Rat Human
Inhalable Inhalable Inhalable Inhalable DNEL
HEC to DNEL DNEL
NOAEC cancer
Soluble 0.10-0.26 0.07-0.09 0.05-0.13 0.05
Ni toxicity toxicity cancer
Sulfidic 0.02-0.06 0.02-0.06
Ni cancer cancer 0.05
Oxidic 0.69-4.0 0.46-1.33 0.6 0.05[0.2 in site-
Ni toxicity toxicity specific
guidance
Metallic 0.17-0.82 0.09-0.27 1.0 0.05[0.2 in site-
Ni toxicity toxicity specific
quidance

With explicit discussion of assessment factors!

28
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Impact of SCOEL 2011 proposal on REACH p
DNELs .

At the moment, there is nothing in the SCOEL proposal that
indicates that the values we are using in the Generic
Exposure Scenarios (inhalable 0.05 mg Ni/m? and respirable
0.01 mg Ni/m3) are not protective of human health

More difficult to support may be the site-specific guidance
value of inhalable 0.2 mg Ni/m® when only Ni oxide and/or Ni
metal are present
Incorporating clearance into Human Equivalent Concentration
(HEC) inhalable calculation will lead to values < 0.2 mg Ni/m?3

Wait for final SCOEL recommendation and revise DNELSs for
2012 update !

29

Germany (draft Aug 2010) CONFIDENTIAL .

Values based on animal cancer and non cancer data
AGW (non cancer)

Ni sulphate - 20 pg Ni/m?3 (respirable)

Ni metal — 2 pg Ni/m?3 (respirable)

ERB (cancer-linear D-R)
Ni subsulfide and oxide
Excess risk 4:10,000 = 8 pg Ni/m3
Excess risk 4:100,000 = 0.8 pg Ni/m3

30
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Germany : Traffic Light for Carcinogens
Organized by BAUA: DG EMPL, DG ENV, RAC members (May 2011)
Priorisation of the different measure options in
dependence of the risk
Background | [4/10,000] [4/100,000] ]
concentration Acceptable risk Tolerable risk
B Increased necessity
gk | of risk reduction
~Importance “~ _ measures
of socio- ¥
economic s
criteria = \
.
Y
~
» b
c Basic measures Area of safety measures
31
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Germany : Traffic Light for Carcinogens

Link traffic model to authorization

32
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Cal-OSHA Proposal for Nickel PELs

In 2005 California-OSHA proposed to lower the Permissible
Exposure Limits (PELS) for nickel
NI-NiPERA submitted comments
Support proposal for speciated nickel PELs
Recommend “inhalable” nickel PELs
Recommend process-specific PEL for welding

. l
In 2009 speciated PELs were adopted ﬁ [ mnrwemem.

! 1 #3% &
/ Y | ( )
" xomn

\

"~
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Other USA OEL Related Activities

USA OSHA may be getting ready to revise the PEL for nickel

ACGIH included nickel in its priority list, for Threshold Limit
Values (TLVs) and/or Biological Exposure Indices (BEIS).
Priority to be decided by July 2011 (review in next 1.5 year)

34
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Japan
The nickel OEL in Japan was 0.1 mg Ni/m?3

In 2009, the Industrial Hygienists Society of Japan (JSOH) proposed
the following OELSs for nickel:

Refinery Dust : 0.01 mg Ni/m3 associated with 1/103 excess
carcinogenicity risk level (in life, 40 yrs work) and 0.001 mg Ni/m3
associated with 1/10* excess carcinogenicity risk level

Non refinery occupational setting : 0.01 mg Ni/m3 for soluble
nickel compounds and 0.1 mg Ni/m? for insoluble nickel
compounds [as total dust]

35

Japan

NI-NiPERA submitted detailed comments in 2010
Nickel metal is not a carcinogen
OELs should be defined as inhalable

Particle size differences between animals and human aerosols need to
be considered

Separate OELSs for refining dust would be appropriate

JSOH responded indicating that only human data would be used for
cancer effects and removing the carcinogen classification for nickel
metal. For the moment no distinction between inhalable or respirable
aresol fractions are made.

OELs will be published in JSOH journal in June or September 2011.
An errata will correct the classification for nickel metal

36
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Nickel OEL Initiatives (mg Ni/m?)

United States :
- California OSHA

0.05
0.5
Europe: 0.01 Inhalable

- SCOEL 0.005 Respirable
0.005 Respirable

- Germany o Respirable

0.002 Respirable Japan:
0.01
. H
JSO 01
Soluble
Metal

Nickel Institute
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OELs Values are Driven Down by:

Latest analysis of the Norwegian refinery cohort

Newly available data on toxicity of nickel metal powder to rats

Concerns about nanopowders

Challenge in extrapolating from animal studies to humans
Lack of robust data on human respiratory toxicity of nickel

Lower tolerance for risk to workers: before 1/1,000, now 1-

4/100,000

38
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OEL Risk Assessment Datagaps:

Reliable dose-response information for respiratory cancer in
epidemiological studies

Reliable dose-response information for respiratory toxicity
data in epidemiological studies

Robust workplace exposure data and reliable characterization
of that exposure

39

Agenda

Part 2 (second hour)- Company Participation
Other OEL-regulatory initiatives in Asia-Australia
Progress on exposure speciation

Industrial Hygiene issues of concern to Nickel Institute Member
Companies

Identification of datagaps and suggestions for future research
General Discussion
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Challenges in Extrapolating from

Animal Studies to Humans

» Differences in particle size
distribution between aerosols in
animal studies and workplace
environments

» Differences in particle deposition
and clearance between animal
and workers

*  Properties of pure nickel
substances are different from
those of workplace materials such
as refinery dusts (multiphased)

AccY  Spot WD
200kv 40 10.0 6.3 Torr Nickel 3%

Single particle analysis in Environmental

Scanning Electron Microscope M Inerle-Hof, M
Ebert, Y Thomassen, S Weinbruch, 2005

Technical University Darmstadt, Germany a

Speciation of air exposures o

Ongoing work comparing multiple methods: Zatka, XANES,
(MLA and QEMSCAN look promising)

* The XANES spectrum is

9] |
sensitive to: . 1 NS
» oxidation state ) Ne
> ligand type g - NIOE:
I . . g [ 67 1
» coordination environment 2 NI,
5]
g : NICO,
35 4} b e - -
5 NiFe,0,
: g 37 N
Differences between spectra can be 5 M
used to identify Ni compounds. 23 /et
i 14 4
NISO,-6H,0
o]

8300 8400 8500 8600
Energy (sV)

XANES spectra of standard Ni compounds
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2009 SCOEL Proposal
Respiratory
Toxicity S o
Rat-respirable ~ -
S
Respiratory ': 0.01 mg Ni/m?
Cancer _————— > inhalable
Rat-respirable | threshold P
_ - - -As inhalable to protect
Respiratory - nose and lung
Cancer | e
Human-total o T
B Total aerosol

Respiratory
Toxicity
Human

»
i3 .
.......

.
---------

45

NIPERA'’s response to 2009 proposal

1. Agree with overall approach: threshold carco & tox effects; °

animal + human data

2. Need to consider speciation (oxide less toxic than sulphate)

3. Nickel Metal is not carcinogenic

Respiratory
Toxicity
Rat-respirable

Respiratory

____——»

4. Need to consider particles size differences and calculate

~ ~human equivalent exposure (HEC)

—
‘5

~br

0.01 =¥ 0.05 Ni/m3

Cancer v inhalable
Rat-respirable "
- 7’
i - - 2 -As inhalable to protect
Respiratory -~ e - nose and lung
Cancer s
Human-total s

Respiratory | -
Toxicity
human
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No explicit discussion of assessment factors! ppd
[ X
:.
NiIPERA’s Response to 2009 proposal
Rat Data Human Data NiPERA
Inhalable HEC Inhalable HEC- Inhalable Inhalable
to NOAEC- cancer HEC -cancer OEL
toxicity
Soluble 0.18-0.25 0.7-1.0 NOAEC | 0.06 LOAEC 0.05
Ni
Sulfidic 0.27-0.76 0.7-2.3 LOAEC
Ni 0.02-0.06 0.05
NOAEC
Oxidic 1.3-3.6 3.3-11 NOAEC 1.2 NOAEC 0.2
Ni
Metallic 0.25-0.75 2.7-8.5 NOAEC 0.2
Ni

NOAEC = no adverse effect exposure; LOAEC = lowest exposure with adverse effects,,

o000
[ X XX
Workplace Long-Term Respirable DNEL b
. . o
Derivation
Rat- Toxicity
Respirable Assessment gilsEpllrable
NOAEC Factors
Soluble |0.03 3 intraworker
Ni 1 interspecies
Sulfidic | 0.03 3 intraworker
Ni 1 interspecies
0.01
Oxidic 0.17 3 intraworker
Ni ? clearance
1 interspecies
Metallic |0.03 3 intraworker
Ni 1 interspecies

48
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Where were we following RA....
ug Ni/m 3
8 M
— 100
Metal
o s
Sulphate
M
— 1
-genotoxic carcinogen
01 ‘ -no PSD adjustments
49 49
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Following ECHA...
ug Ni/m 3
log M O
— 100
Metal Oxide
— 10 -
Sulpha%gbsumde
M
— 1 @)

-genotoxic carcinogen
-no PSD adjustments
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log

What SCOEL OEL brings...

ug Ni/m 3

— 100

-2.5 to 50-fold increase
over DNEL-DMEL

- EU Experts

- threshold carcinogen
- no prescribed AF
- no PSD adjustments

- No speciation
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What IND DNELs adds...

log

ug Ni/m 3

— 100

10

— 10— ]

M

50

M
- PSD adjustments

- IND-driven

- 5-20-fold > SCOEL OEL
- threshold carcinogen

[Publish PSD approach]

— 1 @) @)
“ “ - Speciation
L 0.1
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Proposal for REACH Ni Dossier

log

ug Ni/m 3
- 50- to 250-fold above DNEL-
DMELs

— 10— - Ultimate EU OEL
- Lowest National OELs
- Can be robustly defended

M M
— 1 @) @)
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Nickel Institute approaches

Prepare a Feasibility Study of compliance with SCOEL nickel
OEL based on EU information contained in CSRs Targeted
socioeconomic assessment of cost-benefits

Report prepared by ERM

Report discussed with stakeholders at March 2011 workshop

Make sure that all affected industry sectors are aware of
SCOEL'’s proposal: SS, welding, catalysts, metal finishers,
batteries, etc.

Action by industry sectors will be needed to get relevant Member
States to react on nickel's behalf during DG-Employment
deliberations

Discuss with other commodities

54
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Other Nickel Institute approaches

Benchmark the proposed nickel OELs against existing
standards:
Ni OEL is among lowest indicative OELs in published list:
0.01 mg/m3 silver (soluble compounds as Ag)
0.02 mg/m?3 mercury and divalent inorganic mercury
compounds including mercuric oxide and mercuric chloride
(measured as mercury)
0.05 mg/m3 sulphuric acid mist
ACGIH 2006 TLV for crystalline silica is respirable 0.025 mg/m?3
which is 5-fold higher than that of Ni !
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