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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CATEGORY 1A OR 1B CMR, PBT, VPVB OR A SUBSTANCE OF
AN EQUIVALENT LEVEL OF CONCERN

Substance Name: Dichromium tris(chromate)
EC Number(s): 246-356-2
CAS Number(s):24613-89-6

» The substance is proposed to be identified as stauie meeting the criteria of Article 57 (a) of
Regulation (EC) 1907/2006 (REACH) owing to its elfisation as carcinogen category 1B
according to CLP Regulatidifwhich corresponds to classification as carcinoggegory 2)

Summary of how the substance meets the CMR (1A oB) criteria

Dichromium tris(chromate) is covered by index numbg4-010-00-X of Regulation (EC) No
1272/2008 and classified in Annex VI, part 3, TaBlg (the list of harmonised classification and
labelling of hazardous substances) as carcinogan;. AB (H350: “May cause cancer”). The
corresponding classification in Annex VI, part &ble 3.2 (the list of harmonised classification and
labelling of hazardous substances from Annex | i@dive 67/548/EEC) of Regulation (EC) No
1272/2008 is carcinogen, Carc. Cat. 2 (R45: “Mayseacancer”).

Therefore, this classification of the substancRagulation (EC) No 1272/2008 shows that it meets
the criteria for classification as carcinogen is@dance with Article 57 (a) of REACH.

Registration dossiers of the substance submittedeg

2 Classification in accordance with Regulation (EC) 12G2/2008 Annex VI, part 3, Table 3.1 List of hanized classification and
labelling of hazardous substances.

3 Classsification in accordance with Regulation (EC)12d2/2008, Annex VI, part 3, Table 3.2 List of hamised classification and
labelling of hazardous substances (from AnnexCadaincil Directive 67/548/EEC).
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PART I

JUSTIFICATION

1. IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

A common background description of chromium andotate compounds is provided in annex |
and annex Il.

1.2 Name and other identifiers of the substance

Table 1: Substance identity

EC number: 246-356-2

EC name: dichromium tris(chromate)

CAS number (EC 24613-89-6

inventory):

CAS name: Chromic acid (H2CrO4), chromium(3+) salt (3:2)
IUPAC name: Dichromium(3+) trichromate

Annex | index number: |024-010-00-X

Molecular formula: Cr5012

CrH204.2/3Cr

Molecular weight range: 452

Synonyms Chromic chromate, Chromium (lll) chromateDichromium
trischromate

Main trade names Accomet C; other trade names are confidential
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Structural formula:
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1.3Composition of the substance

Name: Dichromium tris(chromate)

Description: Mixed chromium Ill, chromium VI salt formed whenrodmic acid solution is
partially reduced.

Degree of purity: >80 % (w/w),< 97 % (w/w)

Table 2: Constituents

Constituent Typical concentration Concentration rarge Remarks
Dichromium tris(chromate) ca. 90 % (w/w) 86< [C] < 97 % (wiw)

EC n°: 246-356-2

Table 3: Impurities
Impurities Typical concentration Concentration range Remarks

/ / / /
Table 4: Additives
Additives Typical concentration Concentration range Remarks
none / / /
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Table 5:

1.4Physico-chemical properties

Overview of physicochemical properties

Property

Value

Physical state at 20°C
and 101.3 kPa

Freeze-dried dichromium tris(chromate) is a danipfaiblack granular
solid, with an amorphous non-crystalline structure.

Melting/freezing point

The substance melts abov@®G0

Boiling point

n/a

Vapour pressure

n/a

Relative density

2.269 g/cmat 20°C

Water solubility

96.6 g/L at 20°C.

Partition coefficient n-
octanol/water (log value

n/a
inorganic compound

Dissociation constant

n/a

Oxidising properties

Oxidizing solid according to the CLP (Ox. Sol. 1)

Granulometry

Not known
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2. HARMONISED CLASSIFICATION AND LABELLING

Dichromium tris(chromate) is covered by index num@24-010-00-X in Annex VI, part 3, Tables

3.1 and 3.2 of Regulation (EC) No 1272/2008 a®ad!:

Table 6: Classification according to part 3 of Axnéd, Table 3.1 (list of harmonised classification

and labelling of hazardous substances) of Reguld&€) No 1272/2008

Classification Labelling
Hazard Class and Hazard Pictpgram, Hazard Speﬁlr];:(i:,{scf one. Notes
Category Code(s) statement Signal statement M-factors
Code(s) Word Code(s) Code(s)
Ox. Sol. 1 H271 GHSO03 H271 T
Carc. 1B H350 GHSO08 H350
Skin Corr. 1A H314 GHSO05 H314
Skin Sens. 1 H317 GHSO07 H317
Aquatic Acute 1 H400 GHSO09 H410
Aquatic Chronic 1 | H410 Dgr
Key:

Ox. Sol. 1 : Oxidising solids

Carc. 1 B: Carcinogenicity

Skin Corr. 1A : Skin corrosion

Skin Sens. 1 : Skin sensitisation

Aquatic Acute 1, Aquatic Chronic 1: Hazardous te #iyuatic environment

H271: May cause fire or explosion; strong oxidiser
H350: May cause cancer

H314: Causes severe skin burns and eye damage
H317: May cause an allergic skin reaction

H400: Very toxic to aquatic life

H410: Very toxic to aquatic life with long lastimgfects
GHSO03: Flame over circle

GHSO08: Health hazard

GHSO05: Corrosion

GHSO07: Exclamation mark

GHS09: Environment

Dgr: Danger

Note T : This substance may be marketed in a form which doé¢shave the physical hazards as indicated by
classification in the entry in Part 3. If the resuf the relevant method or methods in accordavittePart 2 of Annex
| of this Regulation show that the specific formsnbstance marketed does not exhibit this phypicgerty or thes¢

physical hazards, the substance shall be clasdiiigtcordance with the result or results of tleist tor these tests.

Relevant information, including reference to thievant test method(s) shall be included in thetgafata sheet.

the
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Table 7: Classification according to part 3 of Axn€l, Table 3.2 (the list of harmonised
classification and labelling of hazardous substané®m Annex | to Council Directive
67/548/EEC) of Regulation (EC) No 1272/2008

Classification Labelling Concentration Notes
Limits
O; R8 O;T;C;N
Carc. Cat. 2; R45 R: 45-8-35-43-50/53
C; R35 S: 53-45-60-61
R43
N; R50-53
Key:

O: Oxidising properties

Carc.: Carcinogenic

C: Corrosion

N: Dangerous for the environment

R8: Oxidising; Contact with combustible materialyntause fire

R45: May cause cancer

R35: Corrosive; Causes severe burns

R43: May cause sensitisation by skin contact

R50-53: Very toxic to aquatic organisms, may cdaeg-term adverse effects in the aquatic envirortmen
S53: Avoid exposure - obtain special instructioafobe use

S45: In case of accident or if you feel unwell kspedical advice immediately (show the label whawssible)
S60: This material and its container must be disgad as hazardous waste

S61: Avoid release to the environment. Refer t@igpénstructions/Safety data sheets
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3. ENVIRONMENTAL FATE PROPERTIES

Not relevant for this dossier
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4. HUMAN HEALTH HAZARD ASSESSMENT

Please refer to Annex Ill to get an informal ovewiof the human health hazard assessment on 5
chromium compounds covered by the Risk AssessmepbiR (E.C., 2005) (chromium trioxide,
sodium dichromate, sodium chromate, ammonium drolate and potassium dichromate) and from
other sources regarding the irritation, corrosiod sensitisation effects. This risk assessmenttrepo
is mainly based on reviews from Cross et al (1@#d) Fairhurst and Minty (1989).

Contrary to five other hexavalent chromium compaur{gotassium dichromate, ammonium
dichromate, sodium chromate, chromium trioxide, asddium dichromate) dichromium
tris(chromate) was not placed on the third lissobstances for assessment within the European
Union’s (EU) Existing Substances Regulation (ES®3/93 and consequently was not subjected to
a risk assessment.

5. ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this dossier.

10
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6. CONCLUSIONS ON THE SVHC PROPERTIES

6.1 PBT, vPvB assessment

Not relevant for this dossier.

6.2CMR assessment

Dichromium tris(chromate) is covered by index numbg4-010-00-X of Regulation (EC) No
1272/2008 and classified in Annex VI, part 3, TaBlg (the list of harmonised classification and
labelling of hazardous substances) as carcinogan;c. AB (H350: “May cause cancer”). The
corresponding classification in Annex VI, part &ble 3.2 (the list of harmonised classification and
labelling of hazardous substances from Annex | i@dlive 67/548/EEC) of Regulation (EC) No
1272/2008 is carcinogen, Carc. Cat. 2 (R45: “Mayseacancer”).

Therefore, this classification of the substancRagulation (EC) No 1272/2008 shows that it meets
the criteria for classification as carcinogen ioc@dance with Article 57 (a) of REACH.

6.3 Substances of equivalent level of concern assessiinen

Not relevant for this dossier.

11
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PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

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

Contrary to five other hexavalent chromium compaur{gotassium dichromate, ammonium
dichromate, sodium chromate, chromium trioxide asddium dichromate), dichromium
tris(chromate) was not placed on the third listsobstances for assessment within the European
Union’s (EU) Existing Substances Regulation (ES&3/93 and consequently was not subjected to
a risk assessment.

Data reported hereafter on manufacture, uses, \esuetc. have been collected from a review of
the available literature and the registration dassithen checked with results from a French
consultation of stakeholders performed in June 2@dmments and contributions were received
from civil and military aeronautic/aerospace sec{@IFAS - French aerospace industries
Association) and steel industry (FFA - French Skeleration).

Given confidentiality reasons, only public datanfrthe registration dossiers are reported hereafter.

7.1 Manufacturers

Dichromium tris(chromate) is still produced in Epeoby manufacturers located in France, Spain,
Germany, Italy and United-Kingdom.

7.2 Manufacturing process

According to HSDB, a method of manufacturing dichrem tris(chromate) consists of an
incomplete reduction of chromium trioxide and aggu#ation of trivalent chromium with chromate
anion.

Dichromium tris(chromate) is also produced by reguncof a chromic acid solution in water. The
substance has chromic acid (CAS No. 7738-94-5)an impurity.

Potential identified sources of occupational expeswithin the manufacturing process are the
following: use in closed continuous process buthwitccasional exposure (during sampling,
maintenance...), transfer (charging, dischargingxing) of substance or preparation from/to
containers and vessels (manual or automatic), hrandl

7.3 Quantities manufactured, import and export

The worldwide production and consumption of dichnam tris(chromate) is not known. Data from
the registration dossiers are confidential.

12
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In the frame of ECHA’s approach for prioritisatiami SVHC for inclusion in Annex XIV of
REACh (recommendation process), the annual quantaypufactured within the EU meets the
tonnage band of 10-100 tons (“relatively low” volersupplied in the EU).

SPIN database of substances in preparations inibNoodntries gives some information concerning
the total use of dichromium tris(chromate) in Fidebetween 2002 and 2008 (see figure 1 below).
The use of this substance is not reported in dtfeedic countries.

Total amount of a Substance in Tonnes

5 f\?/
- e
. i
, "

Armount

0aa 2002 2004 2006 2008
2001 2003 2005 2007 2009

Year

< Denmark == Finland Sweden

Figure 1: Total use of dichromium tris(chromate}inland between 2002 and 2008 [KEMI, 2011]

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

As other chromates, dichromium tris(chromate) piesi excellent corrosion protection to metal
substrates (especially steel and aluminum). Intexhdichromates often form good bonding layers,
improving the bond between a paint system and facirwhich also helps to improve corrosion
resistance.

According to GIFAS (French aerospace industriesogission) dichromium tris(chromate) is used

as chromate conversion coating of aluminum in antasive preparations, following a first step of
chemical conversion or chromic anodizing (that w$keer chromate compounds). The use of
dichromium tris(chromate), especially in the sueffiaishing sector and steel industry, to formulate
bath solutions for aluminium anodizing (using usuahromium trioxide / chromic acids oligomers

in solution) may be expected but is not confirmedher in the registration dossier neither through
consultation.

Conversion coating is a chemical passivation pme#dsch generates an oxide film on the metal
surface that protects it from white corrosion byamcing rust resistance. Chemical passivation can
be used on various metals. Chromate conversiomngoiagtwidely used because of its effectiveness
and low cost. The chromate coating acts like atpanmotecting the zinc from white corrosion, this
can make the part several times more durable depprmh chromate layer thickness. It is
commonly used on aluminum alloy parts in the aftdradustry where it is often called chemical
film. As for a classical primer, it has additionallue as a primer for subsequent organic coatings,
as untreated metal, especially aluminium thatffgcdit to paint or glue

Anodising of aluminium is an electrolytic passiwatiprocess (forced passivation) used to increase
the thickness of the natural oxide layer on théaser of metal parts (natural passivation in oxidant
conditions). Anodising increases corrosion resigaand wear resistance, and provides better

13
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adhesion for paint primers and glues than barelméta most widely used anodising specification,
MIL-A-8625, defines three types of aluminium anadisn: Type | is chromic acid anodisation,
Type Il is sulfuric acid anodisation and Type Bl sulfuric acid hardcoat anodisation. The oldest
anodising process uses chromic acid which doedeadtto the deposition of chromium but uses
chromic acid as electrolyte in the solution. Itwglely known as the Bengough-Stuart process.
Chromic acid produces thinner, QB to 18um more opaque films that are softer, ductile, and t
degree self-healing. They are harder to dye and leagpplied as a pretreatment before painting.
Once again, the use of dichromium tris(chromate)tlics purpose is not confirmed and available
data are not sufficient to conclude.

Annex IV gives an overview of metal surface treatteeand metal finishing processes using
chromate compounds.

7.5Types of uses
Identified uses from the registration dossiers are:
- formulation of metal treatment products;

- industrial surface treatment of metals- reactivdi-@orrosion primer for steel and
aluminium;

- laboratory reagent (minor use).

Because of its corrosion inhibitor property, dighfom tris(chromate) is used in mixtures for
specific uses such as chemical conversion agammebston, post-treatment in hot dip galvanizing,
pretreatment of organic coating, passivation (dfay@ized steel sheets for instance).

Examples of sectors of use for such industrialasgrfireatment are construction and aeronautics.
Information from the Swedish Product Register:

The following non-confidential use categories (UE) Bave been communicated to the Swedish
product register in the years 2008 and 2009 fdnrdimium tris(chromate) in preparations [KEMI,
2011]:

- surface treatment,
- corrosion inhibitors.

Another use identified in the literature is cataiysthe mordanting of yarns [HSDB, 2011].

7.5.1 Formulation of dichromium tris(chromate) containing
mixtures/preparations

According to a review of the literature, formulatgocould contain dichromium tris(chromate) from
0.1 up to 20 %.

Preparations are used (as end use) by the diffa@ntity sectors, resulting in service life (for
articles concerned by the application of such pctglupart of aircrafts, part of buildings ...) and
waste stages (see parts 7.5.2 and 7.5.3).

14
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7.5.2 Use in the industrial surface treatment

The dichromium tris(chromate) is supplied as pdrtfamulated anticorrosive products for
industrial surface treatment of steel and aluminuks. similar other anticorrosive chromate
compounds, such products are expected to be mdrastgrimer paints and coatings.

The dichromium tris(chromate) in the formulatiomacts on contact with the metal surface to form a
thin metal oxide conversion layer on the surfacéhefmetal. The surface of the treated metal will
have an insoluble chromium (lll) metal oxide layeere metal is Fe or Al depending on the
substrate) following treatment.

7.5.2.1Use in the aerospace sector
According to GIFAS (French aerospace industriegisgion) dichromium tris(chromate) is used

- as chromate conversion coating in anticorrosivepgmagions for specific touch up of
damaged aircraft metal parts, following a firstpstef chemical conversion or chromic
anodizing,

- in stock solutions used to formulate metal prettnemt mixtures for touch up of aircraft
wings structure and engine blades following chroamodizing.

According to Gifas, the consumption of dichromiuns(thromate) by members of Gifas is
estimated around 2 tons/year in France and invb®é&®nch sites.

Dichromium tris(chromate) in “ready-to-use” stidr(instance Touch-N-Prep Alodine, cf. figure
2) is used in chemical conversion treatment of a&wm alloys against corrosion (no-rinse
conversion coating), preparation before paintind eefinishing after treatment of corrosion, local
corrosion protection in aircraft maintenance. Thasfbility of using of another chromate for the
same purpose is not known, but may be in theorieaahle.

According to the manufacturer (Henkel), “the desajnthe stick allows repair of hard-to-reach
places or the underside of aircraft. This appleratmethod controls the amount of coating applied
to the surface, reduces the amount of chemical asddgenerates no secondary waste associated
with other repair methods”.

15
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Figure 2: Example of a Touch-N-Prep® pen

When the conversion coating solution is appliedatominum, it converts the oxide on the
aluminum to a chromium/aluminum oxide. This newtynied chromium/aluminum oxide layer
provides increased corrosion resistance and imprpaat adhesion. This oxide layer also provides
a conductive corrosion resistant film for electribanding and grounding applications where low
electrical contact resistance is required. Notd tither methods of application are spraying,
brushing and immersion.

According to the manufacturer (Henkel), advantafgesusing the Touch-N-Prep® pens include:
increased shel-life compared to other methods @lyapy, reduced operator exposure to the
conversion coating solution, logistics advantageshsas in field repair to aircraft, reduced labor
time, and the elimination of hazardous waste bgmgerated. Applying conversion coatings using
the Touch-N-Prep® pens does not require any rinsingiping. The solution simply dries in place.
Occupational exposure appears to be limited, exdeqhg preparation of substrates already coated
with this product (deburring, sanding, etc.).

Dichromium tris(chromate) is also used in stockigohs to formulate metal pre-treatment mixtures
for touch up of aircraft wings structure and endntedes following chromic anodizing. This use is
no more developed hereafter because of a lackaimation. According to Gifas, this use involves
one French site and represents 10 litres per year.

7.5.2.2Use in the steel industry:
According to FFA (French Steel Federation), theee3amain uses of dichromium tris(chromate):
- post-treatment in hot dip galvanizing;
- pretreatment of organic coating;
- passivation of galvanized steel sheets.
No more detailed information has been shared byding.

Different processes are used for metal passivaimh as the chem-coater, primarily used in the
aluminium and steel sectors. It is used to apphargety of media in processes that do not involve
rinsing.

16
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The formulation is pumped to the chem-coater fa& imsmetal passivation. Because this process
involves the application of low viscous media ajhhspeeds, total protection against splashes is
needed. The chem-coater can be used for coilsatteatunning either vertically (see example
drawing in Figure 3) or horizontally.

Another possibility is metal surface treatment pyaging with spraying tunnels or spraying basins.
Note that spraying generates aerosols and possiblgational exposure.

Figure 3: chem-coater vertié¢al

7.5.2.3Picture of the metal finishing industry

Metal finishing covers a wide range of varied awthplex processes carried out by industry and
involve both chemical and physical processing.hie EU there are more than 18 300 installations
known to carry out surface treatment of metals plagtics. Approximately 440 000 people are
employed in the European surface treatment industogt of these in small or medium enterprises
(SMESs) typically employing 10-80 people [HSE, 200 Germany approx. 45 000 employees are
occupied in the metal finish industry, 38 000 afrthin 1 500 SMEs [UBA, 2007]. However the
part of plants that use chromate compounds, edfyediehromium tris(chromate), is not known.

7.5.3 Laboratory use

Dichromium tris(chromate) is also used in labona®for conducting analysis and performance or
guality tests. Volumes are not known but are exgue&dw, compared to the consumption of other
industrial uses.

8. CURRENT KNOWLEDGE ON ALTERNATIVES

The toxicity and carcinogenic nature of hexavaldmbmium has led to great international efforts
to develop alternatives. Many R&D programs are urtirelopment, especially in the USA and
Europe. However the current amount and accesgilmfitinformation on alternatives developed

4 http://www.coilcoater.de/english/products/chemegé#dex.html.

17



ANNEX XV — IDENTIFICATION OF SVHC FORMAT

within the EU is low and few data have been sh#neough the French consultatiGngollowing
information for each activity sector comes from eview of the literature on all chromate
compounds. Alternatives to the specific substancerdmium tris(chromate) are not known. For a
same or similar use between two chromate compoundapstitution/alternative implemented for
the one is expected to be effective for the otkewrall.

8.1 (Metal) surface treatment

Research in the replacement of hexavalent chrooma fronversion coating started over 15 years
ago, before environmental regulations were enafffedsurf, 2008a]. Directive 2000/53/EC on
End-of-Life Vehicles (ELV Directive) [EC, 2000] arfdirective 2002/95/EC on the Restriction of
the use of certain hazardous substances in ekgcand electronic equipment (RoHS) [EC, 2002]
were the most drivers for R&D activities for repatent of chromate compounds in metal surface
treatment. By now the automotive industry has shiied chromate-free coating systems in most of
the connecting elements [Rybka, 2008]. Currentigré are about 30 different alternatives for
chromium (VI) coating systems available on the reaifiMairhdfer, 2008].There is no drop-in
solution in replacement of chromate based surfacedatment technologies however individual
solutions could be found for different applicaticared market segment. Some feasible alternatives,
which have been found by literature and interne¢aech, are described below.

Concerningchromic anodizing, industrial test is performed with baths baseduwlfo-tartaric acid
(TSA process); in specific cases hard anodizingutiuric oxydation with sulfuric acid instead of
chromate solution could be efficient [CRAMIF, 2010] seems TSA process is not applicable to
parts of aircraft susceptible to fatigue, for pansde from aluminum castings [INERIS, 2011].

Several alternatives show potential regarding clcamid anodizing replacement as sulfochromic
etching replacement (sulfo fluoro nitro ferric, gpbo sulfonic, alkaline), dichromate sealing
(molybdates salts, electrolytic, trivalent chromijware earth salts, Sol Gel), sulfuric acid anadjzi
(low thickness applications), diluted sulfuric acodizing, sulfo boric acid anodizing, sulfo
tartaric acid anodizing [Eybet al., 2011].

Concerningchemical conversioncoating on aluminium, several alternatives already onntlaeket
are based on chromium (lll) and fluorure, or basedickel, cobalt and chromium (lll) alloy, or
based on zirconium.

It is reported that Crlll based conversion coatiags increasingly being used in the practice as
alternative for chromate conversion coatings (pas®in) [Galvanotechnik, 2005]. Additional
corrosion/wear protection level could be achievgdubing the second barrier layer — sealer or
Topcoats.

Surface modification can also be applied. Heatdiiuse elements into the near surface region of a
substrate to form an alloy or compound layer withpiioved properties, such as hardness or
lubricity. The names of some of the processes arweatl from the type of element used: nitriding

(nitrogen), boronizing (boron), and carburizingrfen) plasma diffusion is the process whereby
elements are introduced into the surface of thestsae by the use of a gas activated with the

5 French consultations conducted in 2010 and 201eircontext of SVHC identification
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desired element at elevated temperatures. Vargtanm this process include plasma nitriding,
nitrocarburizing, and low pressure nitriding [TURQO6].

Several new technologies are under industrial d@gweént such as ceramic coating on aluminium
(Ceratronic® process) [Eybet al., 2011].

Concerning thepretreatment of organic coating in the steel indusy : if general substitution of

that generic use is in progress, there are stithesspecific applications without short-term
solutions, especially in the construction indusfigFA, 2011]. There is no more information
available on this topic

8.2Chromate alternatives researches for United Statemilitary uses

United States Department of Defense has been demgland testing chromate alternatives for a
number of years. On April 8, 2009 the Under Secyath Defense for Acquisition Technology and

Logistics issued a memo restricting the use of iates in military systems. As a result of this

memo the effort to develop, test and approve ateres has been accelerated. A number of
alternatives are now available, or have been aizibabror implemented. More detailed information

on the performance and implementation of altereatiis available on the searchable
ASETSDefense databasehdip://www.asetsdefense.org/

However, the pace of substitution is necessariijegelow because these substances are critical to
the safe operation of military equipment, particylaircraft. The costs of corrosion in general are
very high, and corrosion can lead to catastropicres such as environmental embrittlement and
stress corrosion cracking. Alternatives must beabghly laboratory-tested and then evaluated in
service over a number of years to ensure that wikyunction safely and effectively in the range
of operational environments experienced by defeqsgment.

US Department of Defense has already made signtficavestments to find alternatives for a
variety of its uses of hexavalent chromium. Some a@pproved and some are still undergoing
necessary rigorous tests to prove their utility fiatitary applications (which need to operate in
extreme environments, be fully reliable, and whifd to last a long time).

Two approaches have been used to provide the Ugmiwith Cr(VI) alternatives (Morris et al.,
2007). One approach is the use of a Cr(lll) basetrgatment, however, toxic forms of cobalt are
sometimes used and present in waste streams. ke aition is a system’s approach where the
corrosion resistance of the conversion coatingsngusther chromates like dichromates) are
evaluated not as stand alone coatings, but ratharcamplete paint coating system. One of several
issues arising from this approach is that mosthef commercially viable pretreatments are not
conversion coatings, but rather adhesion promdbatsdo not provide inherent corrosion protection
if the outer paint coatings are breached. Baseduornt corrosion protection mechanisms learned
from successful rare earth-based primers, a ptetezd chemistry is being developed that is
designed to provide inherent corrosion protection the aluminum alloys and have improved
interaction with the chrome-free primers to provide higher state of the art chrome-free
pretreatment and system. The design includes csiovercoating composition, which in turn is
based on similar chemistries as the chrome-fremquriNo chromium is present in the proposed
pretreatment or primers used in the coating syst@omclusion drawn from this study is that the
chrome-free primer development and implementatiorthie fleet has been successful. These
chrome-free primers have performed well during Beze¢ed corrosion testing, as well as real world
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exposure conditions. They have demonstrated thmiityato perform comparably to chromated
primers over currently used military conversiontaogs, anodized films, and aluminum alloys.

8.3 State of play of chromium-free alternatives develoment: technical and economic
issues, approach for each activity sector

8.3.1 Technical alternatives and remaining difficulties

Since the decline in the use of lead and chromaéaming anti-corrosive agents on toxicological
and ecological grounds, the importance of phospbat¢aining pigments has grown dramatically.
As they still cannot replace the traditional amdrrosive pigments in every respect, efforts aradpei
made to improve both their efficiency, by combinimgrious phosphates or by adding other
substances such as zinc oxide or zinc borate, lagid teactivity. Some of the most important
members of this group include zinc phosphate, chromphosphate, aluminum triphosphate,
barium phosphate and aluminum zinc phosphate.

Primary alternatives to chromate sealants are obwipee of which there are many on the
market. Alternatives are commercially available aothe have been authorized and implemented,
especially in vehicles and commercial aircraft. ylee non Cr-sealants (faying and fillet sealants
for edges and overlaps), Teflon tapes and polythesesealants.

According to SNCZ (consultation conducted in 20H)pstitution is not yet possible for the two
following applications:

- coil coating metal surfaces for building under ageaclimate (harsh weathering
conditions),
- aluminum alloys protection in the aerospace sector.

The global picture obtained from a French surveyresfent literature and expert advice from
industry and academics [INERIS, 2009] accordingh®information available at the present time,

is that alternative technologies to uses of chren@mpounds seem to be available for some
applications. Substitution solutions are not ursaéand shall be developed on a case by case basis.
But generally most issues raised by industry appeée due rather to additional costs, delays of
implementation / industrialization, testing, caddgftion of new alternatives, etc. than to a real
technical impossibility to substitute. Such diffiites remain more stringent for SMEs which still
have problems to access to the core informatioali@nnatives, and financial difficulties (and even
impossibilities for very small companies) — low @stment capacity to achieve substitution alone.

8.3.2 Economic issue

According to the industry, development of altermeadi is costly. But on the other hand new severe
rules on occupational exposure to chromates areecéx@ to greatly increase the cost of
compliance, due to lower exposure limits, increasest of protecting workers and increased record
keeping and reporting. Chromate containing treatmand primers may cause cost increases at
maintenance facilities due to the worker’'s expogarbazardous particulate waste generated from
paint stripping processes and waste streams. A& leogtributor to this cost is also the controlled
removal and waste management of toxic chromates. tDutightening regulatory requirements,
economic significance of identification and implertegion of chrome-free non-toxic alternatives is
expected. Development of chrome-free treatmentslu@ng chrome free primers), which can
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protect metal surfaces as well as their chromateshterparts, would be more safe and compliant,
resulting in dramatic cost reductions. Further enmpéntation of these safe protective coating
systems in industrial settings would then allowtcsavings to be passed on to private and
commercial sectors [Morris et al., 2007].

Concerning passivation of galvanized steel shdetsrhay use dichromium tris(chromate) in the
steel industry, the substitution of applications\Vifestern Europe is effective and may apply to
dichromium tris(chromate) too. There are still idiflties in some countries of Eastern Europe and
for exportation for economical reasons [FFA, 2011].

8.4 Alternatives with other chromate compounds, groupimg issue

Other chromate compounds (sodium (di)chromate, amumo (di)chromate, potassium
(di)chromate, etc.) also provide anti-corrosion pamties through different processes (such as
chromate conversion coating, chromic anodizing,) eicby direct application of paints/primers or
coatings on metal surfaces (zinc chromates, stnonthromate, calcium chromate....).

Regarding the use as anticorrosive agent in preépasa(coatings and primers), especially in the
steel industry where uses are not sufficiently dbed, it is assumed that dichromium
tris(chromate), strontium chromate (CAS n°7789-06dhd to a lesser extent potassium
hydroxyoctaoxodizincatedichromate(1-) (zinc potassi chromate - CAS n°11103-86-9) and
pentazinc chromate octahydroxide (CAS n°49663-8M&y be substituted by each other. Indeed
such substances may exhibit the same mechanisotioh @and similar physicochemical properties,
even if each process/application is yet linkedrie epecific substance. Please refer to the relevant
annex XV dossiers for each substance. The substitutithin the aerospace industry (specific
touch up of aircraft parts) is not known but ithgoretically possible.

The use of dichromium tris(chromate) in chromatevewsion coating and chromic anodizing is
assumed, given similar mechanism of action (cfpt#ra7.4). Dichromium tris(chromate), sodium
(di)chromate and potassium (di)chromate could bbstduted by each other for specific
applications. For potassium dichromate this casupgported by a similar solubility range (cf. table
8). The possibility to substitute dichromium tris(cmate) and chromium trioxide (and acids
generated from chromium trioxide and their oligos)eis not known but may be assumed for
specific applications too.
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Table 8: Solubility of main chromate compounds mtev

Substance name CAS number Solubility (g/L)
Lead chromate 7758-97-6 0.0002
Barium chromate 10294-40-3 0.0027
Pentazinc chromate octahydroxide 49663-84-5 0.02
Zinc potassium chromate 11103-86-9 0.5t015
Strontium chromate 7789-06-2 1
Dichromium tris(chromate) 24613-89-6 96.6
Potassium dichromate 7778-50-9 45
Ammonium dichromate 7789-09-5 360
Sodium chromate 7775-11-13 530
Potassium chromate 7789-00-6 629
Chromium trioxide 1333-82-0 1667
Sodium dichromate 7789-12-0 2355
9. RISK-RELATED INFORMATION

9.1 Risk assessment of Cr(VI) compounds from the EU risassessment report

Dichromium tris(chromate) is not covered by thekdssessment Report (RAR) published in 2005
(E.C., 2005) which focuses on the most used Cr§ubhstances that are chromium trioxide, sodium
chromate, sodium dichromate, potassium dichromate aanmonium dichromate. Therefore risk
related to the use of dichromium tris(chromate) haisbeen assessed yet. However, it belongs to
the Cr(VI) compounds family, with a lower hazardchcern than other Cr(VI)compounds such as
dichromates which combine carcinogenic, mutagenit @eprotoxic properties. RAR draws the
conclusion that there is a need for limiting theksi in particular for workers, and that risk
reduction measures which are already being appledl be taken into account. In view of the
carcinogenic and genotoxic properties of Cr(VI) thport concludes that there are concerns for all
exposure scenarios. Cr(VI) compounds, includingrgitum chromate, are indeed considered as non
threshold CMR because of the carcinogenic proparthe hexavalent oxidative status of chrome.
Even if the classification and labelling of Cr(Mpmpounds may change case by case, they all get
the common Carc. property (1A or 1B according edhse).

In addition, there are concerns for acute toxiesya result of short-term peak exposures, for skin
and eye irritation, respiratory tract sensory atidn, skin sensitisation, occupational asthma and
reproductive toxicity (fertility and developmentalfhese concerns are deemed relevant for all
chromates as well.
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9.2Risk assessment from scientific committees on ocafpnal exposure limits

The Scientific Committee on Occupational Exposuraits (SCOEL) published in December 2004
a report where the carcinogenic effect is constla® the critical effect for hexavalent chromium
compounds. In the current state of knowledge nestiwld can indeed be identified regarding the
proven human carcinogenicity of chromates. SCOEbmemendation has been newly reviewed by
the French agency for food, environmental and oattopal health safety (Anses) which considers
that SCOEL current OEL of 50 pg of Cr(VI) Prdoes not adequately protect workers from risk of
lung cancer (Anses, 2010). Anses recommends tceimmgaht the lowest feasible OEL value for uses
which cannot be substituted yet, supporting thel6as as reasonably achievable” principle. This
OEL-8h for hexavalent chromium as been proposetjag of Cr(V1) / nf and corresponds to an
individual excess risk of lung cancer estimatedLat0? (10 additional lung cancer cases in a
population of 1000 workers). It is 5 times lowearththe lowest current OEL implemented in
Europe (Danish OEL).

Anses study has been carried out on the basispufsexe data to all Cr(VI) compounds. Specific
data on exposure to dichromium tris(chromate) améortunately not available. But we may
however consider exposure data collected in thuslysfrom the “metal treatment and surface
finishing” sector which uses dichromium tris(chrdejaln such hypothetic context where exposure
to this compound is assumed equivalent to expdsuaay of Cr(VI) compounds, we may consider
that exposure (cf. arithmetic mean) may exceedXe of 1 pg of Cr(VI)/nmi and for some cases
(cf. range) largely exceed it and other worldwiagpiemented OEL (see table 10).

Table 10: Results of exposure measurements 8 ho@gVIl) compounds (expressedyig
CrVI/m®) per type of metal working branches (Anses, 2010)

Number

P of Arithm | Geom | Media | 25" | 75" | od"
P Mean | Mean n 9 perc.| perc. | perc.
samples
4 001- 0,45
All groups 458 7,26 0,93 0,603 367 3 3 10,3
Metal treatment 0.01 -
and surface 162 2,15 0,65 0,5 ’70 0,5 1 3
finishing
Ships and floating 0,01 —

structures 26 9,41 0,60 0,75 0,15 2 25

: 140,1
construction
Installation of 001 —
metal structures 31 0,35 0,06 0,06 1 5 0,01 0,5 1,05
and tubing '
Manufacturing of
ventilating and 014 —
industrial 26 6,15 1,70 1,2 éo 5 0,52| 5,8 | 21,20
refrigeration '
equipments
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According to an occupational survey from the USadtepent of the air force in 2000 (DoD, 2000),
exposure may occur during the scuff sanding ofrafits. Scuff sanding of epoxy primers releases
particulates that contain chromates from previaugase priming procedures. The particulates can
be transported into the workers breathing zonesresults in chromate exposure. The current very
restricting US Air Force OEL for chromate compouisl®,5 pg of Cr(VI) / m twice lower than

the new French proposal of OEL set at 1 pg of Qr{Min®>. Regarding strontium chromate, air
sampling results show that 8 hours TWA exposuree vgeeatly in excess of this OEL, with a
maximum of exposure around 20 pg of Cr(V/nThese results may apply for dichromium
tris(chromate) as well within the EU where zincarhates are still used, given the same uses and
the same methods of aircraft maintenance and pginti

According to the UK Health and Safety Executive EH8formation sheet, engineering sheet n°32),
exposure to chromate compounds in primers paitdateseto inhalation of dust, mist, spray, fume or
contact with the skin and eyes. The actual risksirgy from use of primer paints containing

chromium VI may not be as high as those describetheé EU risk assessment report for other
chromates. As well as those directly handling applyang the paints, anyone in the vicinity is at

risk of exposure. They may inhale dust, mist, sgagn off during application and/or come into

direct skin or eye contact with the paints. Thasesk of exposure also include people working on
articles previously coated with such paints, egomp down or sanding painted articles, or doing
“hot work” on them such as cutting, welding andZimg. People maintaining or cleaning plant and
equipment used to apply or contain such paints Ineast risk too.

In conclusion on risksghe European risk assessment report concludethéra are concerns for all
exposure scenarios exposure to chromium(VI) comgewgiven their non threshold CMR status.
Several European and International occupationaliesuand several health institutes point out
exposure of workers to chromates that are usedatings in the aerospace sector (including zinc
chromates and strontium chromate). Data from thenaotive refinish sector (non individual cars)
are not shared by Industry but identical scenaas expected as well, given similar uses in
coatings and similar methods of maintenance andtipgi Occupational exposure may exceed
usual OELs and greatly exceed the proposed newcFi®EL of 1 pg of Cr(VI)/mthat may not be
fulfilled by current implemented protection measusnd equipments. The number of European
workers concerned is however not known.
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Annex |I: common background description of chromiumand chromate compounds

Chromium is a member of the transition metals, fioug 6. Chromium(0) is the metallic form
(metallic chromium Cr) and is essentially inert.r@hium exhibits a wide range of possible
oxidation states. The most common oxidation stateshromium are (+2), (+3), and (+6).
Chromium (Il) is the divalent form (oxidation stae2)): such chromous compounds include
chromous chloride (Crgl and chromous sulfate (Crg0O

Chromium (111) is the trivalent form (oxidation $#a(+3)) which is the most stable. Chromium (V1)
is the hexavalent form which refers to chemical poonds that contain the element chromium in
the (+6) oxidation state.

Chromium (V1) (or Cr (V1)) is most commonly encoenéd as oxospecies in the (mono)chromate
(CrO%) and dichromate (G®;*) anions which are strong oxidising agents at ldw @heir
oxidative property is widely used in organic chamisChromates and dichromates are salts of
chromic acid and dichromic acid, respectively. @mio acid, which is an oxacid has the
hypothetical structure #€rO,. By losing two protons (B, chromic acid and dichromic acid form
chromate ion and dichromate ion respectively. Ngithromic nor dichromic acid can be isolated,
but their anions are found in a variety of compauritle chromates and dichromates. The dark red
chromium (VI) oxide Cr@ (chromium trioxide) is the acid anhydride of chroracid and it is sold
industrially as “chromic acid”.

Chromate salts contain the chromate anion .£r@nd usually have an intense yellow color.
Dichromate salts contain the dichromate aniogO&t and usually have an intense orange color.
By comparison, the chromates and dichromates ofyheetals (such as silver and lead) often have
ared color.

In aqueous solution, hexavalent chromium existyasochromate HCrg, chromate Crg¥, and
dichromate GO, ionic species. Chromate anion tends to dimeriz¢idhromate. The proportion
of each ion in solution is pH dependent. In basid aeutral pH, the chromate form predominates.
As the pH is lowered (6.0 to 6.2), the hydrochramadncentration increases. At very low pH, the
dichromate species predominate (US-EPA, 2000). Upaeticular conditions, a polymerisation can
occur leading to the production of polychromatethihe following formula GiOsn+1* .

Main chromium forms are the following accordingheir oxidation state:
Chromium metals and alloys (Cr (0)):

Chromium metal

Stainless steel
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Other chromium containing alloys
Divalent (Cr (2+)):
Chromous chloride Crel

Chromous sulfate CrSO

Trivalent (Cr (3+)):

Chromic oxide GiOs
Chromic chloride CrGl
Chromic sulfate G(SOy)®

Chromic potassium sulphate KCr(§©
Chromite ore FeO.gD;

Hexavalent (Cr (6+)) chromate :

Chromium trioxide Cre
Chromic acid HCrO,4
Sodium chromate N&rO,
Potassium chromate K10y
Zinc chromate ZnCr®
Strontium chromate SrCiO

Hexavalent (Cr (6+)) dichromate :
Sodium dichromate N&rO;
Potassium dichromate &0y
Ammonium dichromate (NH4Er,0O;

Zinc dichromate ZnGO;
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Annex |I: List of chromate compounds (Kemi, 2002)

Name

Ammonium dichromate
Ammonium chromate
Barium chromate

Basic lead silicochromate (pigment)

Calcium dichromate
Calcium chromate

Sulphuric acid, chromium(lll) potassium

salt

Chrome yellow, Lead chromium sulphate

(pigment)

Chromic(VI) acid-chromic salt
Chromic(VI) acid-chromic salt
Chromic(VI) acide

Chromic acid, magnesium salt
Chromic acid, zinc salt
Chromite

Chromium carbide
Chromium(lll) chloride
Chromium cupper iron oxide
Chromium fluoride

Chromium hydroxide sulphate
Chromium hydroxide sulphate
Chromium(lll) nitrate
Chromium(lll) trihydroxide
Chromium(lll) oxide

Chromium oxide green (pigment)

Chromium(lll) sulphate
Chromium(1V) oxide
Chromium(V1) trioxide

Guignet’s green (pigment mixture)

Molecular formula
Cr2H207.2H3N

CrH2042H3N
Ba.CrH204

PbCrO4.Si02

Ca.Cr2H207
Ca.CrH204

Cr.2H204S.12H20.K

PbCrO4+PbS0O4

CrH204 (?)
CrH204 (3+)
CrH204
CrH204.Mg
CrH204.Zn
FeO.Cr203
C2Cr3
CI3Cr
Cr2CuFe207
CrF3
CrHOS5S
Cr4H2022S5
Cr.3HNO3
CrH303
Cr203
Cr203
Cr.3/2H204S
CrO2
CrO3

Cr203xH20 (x su#lR)

Lead chromate, basic lead chromate orange

(pigment)
Lead chromate, Chrome green
Lead chromate oxide

Lead chromium molybdate sulphate

(pigment)

Lithium chromate
Magnesium chromate
Potassium chromate

30

PbCrO4.PbO
CrH204.Pb
CrH405.2Pb

PbCrO4, PbMoO4, PbSO4

CrH204.2Li
CrO2.1/2Mg
CrH204.2K

CAS no
7789-09-5
7788-98-9

10294-40-3
1B170-5

14307-33-6

13765-19-0

7788-99-0

1344-37-2
41261-95-4
24613-89
7738-94-5

13423-61-5
13530-65-9
1308-31-2
12012-35-0

10025-73-7

55353-02-1
7788-97-8

12336-95-7

85251-54-3

13548-38-4
1308-14-1
308-38-9

308-38-9

10101-53-8
12018-01-8
1333-82-0

12001-99-9

1344-38-3
7758-97-6
18454-12-1

12656-85-8
14307-35-8

12053-26-8

7789-00-6
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Potassium dichromate Cr2H207.2K
Potassium tetrachromate K2Cr401312422-53-6
Potassium zinc chromate oxide K20.Zn0.4Cr03.3H20
Sodium chromate CrH204.2Na

Sodium dichromate Cr2H207.2Na
Strontium chromate CrH204.Sr

Zinc chromate hydroxide CrH8012Zn5

Zinc chromate oxide CrO57Zn2.H20

Zinc potassium chromate Cr2HO9Zn2.K

Zinc potassium chromate, Zinc yellow

(mixture) Zn0, K20, CrO4, H20

7778-50-9

433250-0
7775-11-3
10588-01-9
7789-06-2
49663-84-5
15930-94-6
11103-86-9

37300-23-5

Sourcehttp://apps.kemi.se/flodessok/floden/kemamne emgéyoska kromsalter eng.htm
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Annex lll: Human health hazard assessment

This Annex is given for information only. An Anne&/ report on SVHC identification is indeed
not the place to discuss the already agreed dleetsiin of dichromium (tris)chromate. Its contest i
however a useful background in support to parf ths report.

Most of the following information are taken fromettRisk Assessment Report on chromium
compounds (chromium trioxide, sodium dichromateliwm chromate, ammonium dichromate and
potassium dichromate), published by the ECB in 280E., 2005).

Considering that all chromate/dichromate ions peedufrom Cr (V1) compounds will behave
similarly in biological tissues, other than the @iddal property of acidity and its potential
influence on toxicity for chromium (VI) trioxide,t ihas been assumed that all the Cr (VI)
compounds can be treated as a common group.

According to the hazard summary from the US EPA-BF3\, 2000), the respiratory tract is the
major target organ for chromium (VI) toxicity, facute (short-term) and chronic (long-term)
inhalation exposures. Shortness of breath, couglang wheezing were reported from a case of
acute exposure to chromium (VI1), while perforaticared ulcerations of the septum, bronchitis,
decreased pulmonary function, pneumonia, and atbgpiratory effects have been noted from
chronic exposure. Epidemiological studies raiseceams for the carcinogenic potential of the Cr
(V1) compounds. Animal studies have shown chromiiut) to cause lung tumors via inhalation
exposure.

Toxicokinetics (absorption, metabolism, distribution and elimination)

There is a reasonably good database availableeotoxicokinetics of the Cr (VI) compounds under
review, although there are relatively few humaradahe available data indicate that generally Cr
(V1) compounds are likely to behave in a similarrmer in respect of toxicokinetics, and that the
kinetic behaviour of these substances would bdainm those species studied, including humans.

Following inhalation exposure, animal studies hglwewn that 20-30% of the administered Cr (VI)
is absorbed via the respiratory tract. Highly wateiuble Cr (VI) is poorly absorbed via the
gastrointestinal tract (only 2-9% of the dose wasoabed in human studies) due to reduction to the
relatively poorly absorbed Cr (1l1). Only limitecedmal absorption takes place through intact skin,
with 1-4% Cr (VI) from an agueous solution crossing skin in guinea pig studies.

According to results of animal testing, chromiune@ps derived from these compounds can remain
in the lungs for several weeks after inhalationcsype and also becomes bound to hemoglobin in
erythrocytes for the lifespan of the cells. ParCof(VI) becomes reduced to Cr (lll) after entering
the body due to the influence of reducing agents, dxample glutathione. Distribution is
widespread even after a single dose and incluadesfer of absorbed Cr (VI) across the placenta.
Excretion occurs in urine and faeces. Repeated sexpdeads to accumulation of chromium in
several tissues, particularly the spleen becausptake of senescent erythrocytes.

Acute toxicity

Highly water-soluble Cr (VI) compounds are veryitoky inhalation and toxic by ingestion. The
respiratory tract and the kidney are damaged bgetle@mpounds following inhalation and oral
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exposure respectively. Although acutely harmful tokic by the dermal route, more severe
responses may be observed due to greater uptakkevekin if there is any prior or simultaneous
damage to the skin. Depending upon the pH of th@/Qrsolution, corrosive effects can occur on
contact (see section 1.4 on corrosivity).

[rritation

Single application of a low concentration of highmter-soluble Cr (VI) in solution to undamaged
human skin resulted in only a mild irritant resp@rgound the hair follicles. Animal data indicate
that irritation occurs following single applicatidn the skin for 4 hours. It is not possible to
determine a clear concentration-response relatipn®in human skin irritation from the single-
exposure animal or occupational data available.eRiepl-exposure skin responses are considered
under corrosivity (see section 1.4 on corrosivity).

Significant damage to the eye can occur upon astatlexposure to highly water-soluble Cr (VI)
compounds. Severe and persistent effects occur wWiee is contact with the low pH aqueous
chromium (V1) trioxide or Cr (VI) solutions at higlemperature. A number of case reports have
detailed both inflammation of the cornea and cociyae and in more severe cases, corneal
erosion and ulceration. The severity of responsedseased by low pH or high temperature.
Accidental eye contact with the corrosive aquedusmium (VI) trioxide results in conjunctival
congestion and necrosis and corneal oedema andtyopads not possible to determine a clear
concentration-response relationship from the deadable.

In a very poorly-reported volunteer study, 10 sotgevere apparently exposed to chromium (VI)
trioxide at concentrations of 10-24 md/-12 mg Cr (VI)/mi) for “brief periods of time”. It was
claimed that this exposure caused nasal irritattamtording to the authors, exposure to lower but
unspecified concentrations produced slight if anyaition of the upper respiratory tract. Given the
poor reporting in this study the results cannotdesidered to be reliable.

Symptoms of sensory irritation of the respirataigct are known to occur among chrome plating
workers exposed to a mist of agqueous chromium (xoxide. Since this is corrosive, such
symptoms are to be expected. No quantitative datauch irritation are available from studies of
workers. No studies reporting symptoms of sensoiiaiion are available for the other Cr (VI)
compounds. Overall, it is not possible to determaneeliable concentration-response relationship
for respiratory tract irritation using the availaluata.

Corrosivity

Highly water-soluble Cr (VI) compounds can causeyveevere skin effects under certain
conditions. In workers repeatedly exposed to highiter-soluble Cr (VI), where there is some
slight initial damage to the skin, ulcers can depelhich constitute a serious and persistent effect
Animal data are consistent with the observationderia humans. It is not possible to determine a
clear concentration-response relationship for reggeaexposure human skin effects from the
occupational data available and quantitative datddcbe misleading given the potential for severe
effects resulting from repeated contamination oghsly damaged skin. Overall, highly water-
soluble Cr (VI) compounds should be regarded asive.

Sensitisation
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Skin sensitisation resulting from contact with &f)(is relatively common in humans working with
the compounds. This has been demonstrated in pegtihg of contact dermatitis patients and in
investigations of various occupational groups. tidiaon, skin sensitisation potential has been
clearly demonstrated in standard and modified guipig maximisation tests and in the mouse ear
swelling test.

Current understanding of the mechanism involvethesensitisation indicates that Cr (lll) is the
ultimate hapten. Skin contact with Cr (VI) leadspenetration of Cr (VI) into the skin where it is
reduced to Cr (lll). There is some evidence forssfeactivity between Cr (Ill) and Cr (VI); Cr
(VI)-sensitised subjects may also react to Cr.([Dyerall, it is not possible to reliably determiae
threshold for either induction or challenge in apased population using the available data.

According to Ceramicstoday (Bastarache E., 2018%atalent chromium can penetrate the skin
where it is reduced to trivalent chromium whichyslahe role of an hapten; when fixed on a
protein, it becomes a complete antigen. Chromatesiwéy has proved fairly persistent once
developed. Contact with textiles colored with chabeabased pigments can be sufficient to
exacerbate the dermatitis. The wearing of leatheres tanned with chromates can produce
dermatitis of the feet if these are allowed to rensaveaty. In sensitized individuals, the absorptio
of chromium by pulmonary and/or oral way could eaas exzematous reaction. After cutaneous
exposure to chromic acid, erosions of the skin wegur. These « chrome holes » initially appear
as papular lesions, either singly or grouped, wéhtral ulceration.

The available case reports and evidence from veglttacted bronchial challenge tests, show that
inhalation of Cr (VI) compounds can cause occupali@sthma. As with skin, Cr (VI) - sensitised
subjects may react to Cr (lll). It is not possitdedetermine a no-effect level or exposure-response
relationship for induction or elicitation of occujmaal asthma.

Repeated dose toxicity

Please refer to sections 1.4 and 1.5.

Mutagenicity

In vitro data

There is a very large body of evidence indicatihgt tthe Cr (VI) ion in solution is directly
mutagenic inn vitro systems. Extensivi@ vitro testing of highly water-soluble Cr (VI) compounds
has produced positive results for point mutationd BNA damage in bacteria, point mutations,
mitotic crossing-over, gene conversion, disomy dimloid in yeasts, and gene mutation, DNA
damage, chromosome aberrations, sister chromatidaeges and unscheduled DNA synthesis in
mammalian cells.

The in vitro genotoxicity of Cr (VI) was diminished consideralidy the presence of reducing
agents, in the form of tissue S9 or S12 fractiogastric juice or reducing agents such as
glutathione, ascorbate or sulphite. These all séoveeduce Cr (VI) to Cr (lll) outside the cell
therefore greatly reducing entry of chromium irtie tell.
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In vivo data

The genotoxicity of Cr (VI) compounds vivo has been less extensively studied. Parenteral
administration of sodium or potassium dichromatpatassium chromate to rats or mice resulted in
significant increases in chromosome aberrationsnaicgonucleated cells in the bone marrow and
DNA single-strand breaks, interstrand cross-linkd BNA-protein cross-links in the liver, kidneys
and lung. A mouse spot test involving intraperitangjection of potassium chromate gave positive
results. Oral studies have been negative but teegdoyed lower dose levels and absorption is
known to be poor by the oral route. Overall, wateluble Cr (V1) compounds ara vivo somatic

cell mutagens in animal studies.

A significant increase in post implantation deaths dominant lethal assay was reported in mice
following intraperitoneal injection of potassiumchromate. Toxicokinetic data for water-soluble

Cr (VI) compounds indicate that chromium will reable germ cells following inhalation exposure

(i.e. a relevant route of exposure for humans).rdfoee taking these two observations together, it
can be concluded that water-soluble Cr (VI) compisuhave the potential to produce germ cell
mutagenicity.

Human data

A few studies have been conducted in which ciraudatymphocytes have been isolated from
chromium-exposed workers and examined for chromesaberrations, micronuclei, sister
chromatid exchanges (SCE) and changes in chromosmmmbers. In general, the results from
better-conducted and reported studies includingroium plating workers in Japan and SS-MMA
(manual metal arc on stainless steel) welders amn@oavia have been negative.

Evidence of genotoxicity has been reported in swaher studies of chromate production workers
in Eastern Europe and chromium plating workergatyl However the manner in which these were
conducted and reported precludes full assessmehe aignificance of the findings.

Summary and discussion of mutagenicity

Few studies of genotoxic potential in humans am&lable. No evidence of genotoxic activity has
been found in adequately-conducted studies in laiticlg lymphocytes from chromium exposed
workers. In contrast, there is a vast array of g@xioity datain vitro and less extensive testing in
animals available. The evidence clearly indicalbed highly water-soluble Cr (V1) compounds can
produce significant mutagenic activitym vitro and in vivo. The Cr (VI) compound under
consideration is therefore regardedimsivo somatic cell mutagen. In addition, toxicokineticdan
dominant lethal data suggest that water-solubléQOrhas the potential to be an vivo germ cell
mutagen. For information and according to the AoseriConference of Governmental Industrial
Hygienists (ACGIH) (Bastarache E., 2010), wateubtd hexavalent chromium compounds
include: chromic acid, chromic acid anhydrides, pwmwomates and dichromates of sodium, of
potassium, of ammonium, of lithium, of cesium, aibidium. Water-insoluble hexavalent
chromium compounds include: zinc chromate, calcalnmomate, lead chromate, barium chromate,
strontium chromate and sintered chromium trioxide.

Carcinogenicity
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Carcinogenicity: oral

No data available.

Carcinogenicity: inhalation

A few animal carcinogenicity studies were availalitesults indicated that sodium dichromate was
clearly carcinogenic, producing lung tumours whdmaistered to rats by continuous inhalation of
agueous aerosol or long-term repeated intratraghstllation in saline. Also, there was a single
incidence of a squamous cell carcinoma of the phamfter inhalation of sodium dichromate
aerosol in rats.

In rats and mice, inhalation studies using an a¢m@smist of chromium (V1) trioxide produced 1-2
test group animals with lung tumours where suchewerainly absent among corresponding
controls. These studies suffered from some defiogsnin design such as small group size or
inadequate dosing regimes. In two intrabronchiglantation studies in the rat, 1-2 animals with
carcinomas of the respiratory tract were found momium (VI) trioxide-treated groups. No
respiratory tract tumours were observed in conirotbese studies.

Carcinogenicity: dermal

No data available.

Carcinogenicity: human data

forms of Cr (lll) and Cr (VI). Unfortunately, detad analysis of smoking habits is almost
invariably absent. In chromate production, workanes exposed to Cr (lll) during the production of
Cr (V1) in water-soluble form e.g. sodium chromaithough studies of chromate production have
clearly established that there is an increasenyg keancer mortality, it is not clear precisely whic
Cr (V1) compound(s) produced the effect. An excesk of lung cancer mortality has also been
reported for workers in the chromate pigment préidacindustry. However, this industry involves
exposure to sparingly soluble or poorly solubleczor lead chromates as well as the sodium
dichromate.

Overall, it was concluded that chromium (VI) trideiin solution is a human carcinogen but only
limited information is available for the other Gl compounds.

Summary and discussion of carcinogenicity

Epidemiology data from chromate production, chramipigment manufacture and other
chromium-exposed groups showing clear increas&sin cancers cannot be specifically related to
exposure to Cr (VI) compounds. However, it is hygptobable that Cr (VI) ions in solution were
the ultimate carcinogenic entity in these situatiorlence these epidemiological studies raise
concerns for the carcinogenic potential of the\dj compounds.
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In animal carcinogenicity studies, sodium dichraenats carcinogenic in rats, causing lung tumour
production, when given by repeated long term inti@iaor intratracheal instillation. In rats and
mice, inhalation or intrabronchial implantationdigs using chromium (VI) trioxide produced 1-2
test group animals with lung tumours where suchewerainly absent among corresponding
controls. Thus, in animal studies there is somdexnge of respiratory tract carcinogenic activity fo
sodium dichromate and chromium (VI) trioxide. Sianilstudies in rats using other Cr (VI)
compounds, able to produce Cr (VI) in solution,duced carcinogenicity in the lung. Hence there
is good reason from animal studies to be conceabedt the carcinogenic potential of the Cr (VI)
compounds, in terms of the inhalation route anddispiratory tract as a site of action. Data fer th
oral and dermal routes and carcinogenicity studiegshe Cr (VI) compounds are not available.
Chromium (VI) compounds might be expected to hasteqtial to cause cancer on repeated oral or
dermal exposure. In the case of the oral route,sgsiemic carcinogenic potential could be limited
by poor absorption of Cr (VI), and reduction to(€k) within the gastrointestinal tract althoughesi

of contact activity would remain an issue. Simdansiderations apply to the skin.

Overall, therefore, the Cr (VI) compounds are cdesed to have proven or suspect carcinogenic
potential. From the available information, and makinto account the genotoxic potential of these
substances, it is not possible to identify any desponse relationship or thresholds for this ¢ffec

Toxicity for reproduction

Effects on fertility

The effects of potassium dichromate on male andakerfertility were investigated in sexually
mature (7 weeks old) Swiss mice administered tlkisatialent chromium compound in drinking
water (Elbetieha A. and Al-Hamood M.H., 1997). Gusuwof 9-20 males were administered O,
1,000, 2,000, 4,000 or 5,000 mg/L potassium diclatenequivalent to doses of approximately O,
166, 333, 666, 833 mg/kg/day (0, 60, 120, 235, 2@0Cr (VI)/kg/day) for 12 weeks and then
mated for ten days, 1 male to 2 untreated femdles.exposed males were then removed and 1
week later the females were terminated. Similaghpups of 11-18 females were administered 0,
2,000 or 5,000 mg/L potassium dichromate equivatentioses of approximately 0, 400, 1,000
mg/kg/day (0, 140, 350 mg Cr (VI)/kg/day) for 12aks and then mated for ten days, 3 females to
1 untreated male. One week after the removal ofrtkes, the females were terminated. Number of
pregnant females, total implantations, viable fesuand resorptions were recorded. In addition,
satellite groups of 10-13 males and 8-10 femalesiridtered 0, 2,000 (males only) or 5,000 mg/L
potassium dichromate for 12 weeks were sacrificedha end of the treatment. Body and
reproductive organ weights were recorded in thesaas. No explanation is provided in the study
report concerning the variability in group sizes@\l it is unclear how dose levels were selected.

At higher concentrations, the treated animals coweslless water per day compared to the control
group (no more details provided). It is unclear thlee or not the dose was adjusted for the reduced
water consumption or if these animals receivedagetadose. There were no deaths or clinical signs
of toxicity in any group of male or female mice espd. Compared to the control group, a
statistically significant reduction in absolute lgodeight of 10% and 12% was seen in satellite
group males at 2,000 and 5,000 mg/L (the only twesedlevels at which body weight was
recorded), respectively. Body weight of satelliteugp females administered 5,000 mg/L potassium
dichromate (the only dose at which body weight wexsorded) was unaffected. Relative testes
weights were statistically significantly increasad?2,000 (by 17.5%) and 5,000 mg/L (by 21.5%).
Relative seminal vesicles and preputial gland wsighere statistically significantly reduced at
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5,000 mg/L only (by 27% and 34%, respectively). tatistically significant increase in relative
ovarian weight (by 50%) was reported at 5,000 my/ls noted that in the absence of information
on the absolute organ weights, the increase semslative testis weight could be accounted for by
the reduction in absolute body weight observed ales It is also noted that, in the absence of
histopathological examinations, it is difficult toterpret the toxicological significance of these
organ weight changes.

Compared to the control groups, the percentageegfnant unexposed females mated with treated
males and of pregnant exposed females mated witreaited males was unaffected by the
treatment. The mean number of implantation sites statistically significantly reduced in females
impregnated by males treated with 2,000 (6.33 B8 in the control group) and 4,000 mg/L
potassium dichromate (6.86 versus 8.18), but ntt thie highest dose (7.84 versus 8.18). Given
the absence of a dose-response relationship, tkieokogical significance of this finding is
uncertain. However, it is possible that at highenaentrations, the actual doses the animals
received were lower than the nominal doses, dukdseduced water consumption. There were no
resorptions and dead fetuses in the control groubima the females impregnated by males treated
with 2,000 or 4,000 mg/L potassium dichromate. Hesve3 resorptions were noted in the females
impregnated by males treated with the lowest dbg0 mg/L). Given the absence of a clear dose-
response relationship and that it is not cleanhorged whether these findings occurred in one singl
litter or in different litters, the 3 resorptionsen at 1,000 mg/L are regarded as being incideital.
total number of 6 resorptions and of 6 dead fetuszs also observed in the females impregnated
by males treated with the highest dose (5,000 mgAlthough it is not reported whether these
findings occurred in one single litter or in diféet litters, given the incidence, it is unlikelyeth
occurred in one isolated litter. Hence, the fetwéty reported at this dose level (5,000 mg/L) is
regarded as being treatment-related. The mean nuofbeplantations and of viable fetuses was
also statistically significantly reduced in femakesated with 2,000 mg/L (7.35 versus 9.00 and
6.55 versus 8.76, respectively) and 5,000 mg/L gsitan dichromate (7.44 versus 9.00 and 5.88
versus 8.76, respectively). There was also a stally significant increase in the number of
pregnant females with resorptions at 2,000 (53%usi1%) and at 5,000 mg/L (63% versus 11%).
Similarly, a total number of 37 and 14 resorpti@versus 4 in the control group) were observed at
2,000 and 5,000 mg/L, respectively.

Overall, the results of this study indicate thal@dministration of potassium dichromate to mice
for 12 weeks produced adverse effects on male amdale fertility (reduced number of
implantations) at 2,000 mg/L (333 mg/kg/day (120 @rgVI)/kg/day) and 400 mg/kg/day (140 mg
Cr (Vl)/kg/day) in males and females, respectivedy)d above. These effects occurred, for the
males, at dose levels at which a significant radacin absolute body weight was noted. In the
females, no effects on body weight were noted abtite highest dose of 1,000 mg/kg/day (350 mg
Cr (VI)/kg/day) there was a significant increaseratative ovarian weight. A NOAEL for these
fertility effects of 1,000 mg/L (equivalent to 166g/kg/day potassium dichromate or 60 mg Cr
(VI)/kg/day) was identified in males from this sjudNo NOAEL value was determined for the
females as these fertility effects (reduced nunatb@mplantations) were reported even at the lowest
dose tested of 2,000 mg/L (equivalent to 400 mglkg/potassium dichromate or 140 mg Cr
(VI)/kg/day). A reduced number of viable fetusesl an increased number of resorptions were
observed in females treated with 2,000 and 5,00 @0 and1,000 mg/kg/day (140 and 350 mg
Cr (VI)/kg/day)). In addition, an increased numieérresorptions and dead fetuses were seen in
untreated females impregnated by males given tjieebt dose of 5,000 mg/L (833 mg/kg/day (290
mg Cr (VI)/kg/day).

Developmental toxicity
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In a developmental toxicity study (Trivedi Bt al., 1989), groups of 10, 13, 12 and 10 pregnant
female ITRC-bred albino mice were administeredyd@il 250, 500 and 1,000 ppm of potassium
dichromate (equivalent to doses of approximatelg@,120 and 230 mg/kg/day (0, 20, 40 and 80
mg Cr (VI)/kg/day)) in drinking water during gestat from day O (vaginal plug identified) to day
19 when dams were sacrificed. At sacrifice, fetwsese subjected to routine external, visceral and
skeletal examination, and levels of total chrominnthe maternal blood, in the placenta and in the
fetuses were measured.

No deaths or clinical signs of toxicity were obsahvin any of the treated dams. Compared to
controls, a statistically significant reductionnmaternal body weight gain of 21% was seen at 500
ppm, while at 1,000 ppm, a body weight loss of 4#swecorded. Body weight gain was also
reduced by 18% at 250 ppm, although it did notiratsatistical significance. No litters were
produced at the top dose. Also, 3 females of tihedose group and 2 females of the middose group
did not have any litters. A dose-related (statlycsignificant in the mid-and highdose groups)
increase in pre-implantation loss was seen acnesdetd groups. There were no implantations
(100% pre-implantation loss) in the dams treateth wii,000 ppm. Statistically significantly
increased incidences of post-implantation lossdsr@sorptions were observed at 250 and 500 ppm.
There was also a dose-related (statistically sicamt in the mid-dose group) reduction in littexesi

at 250 and 500 ppm. Fetal weight and crown-rumpgtlemere statistically significantly reduced in
the low- and mid-dose groups. No malformations ajamskeletal abnormalities were observed. A
statistically significant increased incidence aiky tail and subdermal hemorrhagic patches and/or
streaks on the snout, limbs, back, neck and tadl seen at 500 ppm. A statistically significantly
reduced ossification in the phalangeal, sternelbrahial, thoracic and caudal bones was observed
in fetuses of dams treated with 500 ppm. Fetaliarassification was also significantly reduced at
250 ppm. No significant abnormalities were seenngusoft tissue examinations in any of the
treated groups. Total chromium levels were sigaifity increased above levels in the control group
for the maternal blood at 500 and 1,000 ppm, ferpglacenta at 250 and 500 ppm and for the fetal
tissues at 500 ppm.

The complete absence of implantations seen at 1pPp@®d was associated with marked maternal
toxicity (body weight loss). A range of adverseeefs on development was noted at 500 ppm.
These effects occurred at a dose level at whicte ttvas a maternal body weight gain reduction of
21%. However, since this reduction in body weighingcan be explained by the reduced litter size
and the reduced fetal weight reported at this d®aa, these findings may represent a direct effect
of potassium dichromate on development. At 250 ppaverse effects on development (increased
incidence of post-implantation losses and resangtioeduced fetal weight, decreased crown-rump
length and delayed cranial ossification) were ole#rin the absence of significant maternal
toxicity and in association with significant platainlevels of total chromium. It can be concluded
from the results of this study that oral administra of potassium dichromate through drinking
water to pregnant mice caused fetotoxic effectsatedose levels (250 and possibly 500 ppm) at
which no maternal toxicity was observed. Thus, aARO value of 120 mg/kg/day (40 mg Cr
(VI)/kg/day) for maternal toxicity can be identifiefrom this study, but no NOAEL can be
identified for developmental effects as adversea$f were reported even at the lowest dose tested
of 60 mg/kg/day (20 mg Cr (VI)/kg/day).

Junaidet al. (Junaid M.et al., 1996a) exposed pregnant Swiss albino mice (1@memp) to 0, 250,

500 or 750 ppm potassium dichromate in drinkingewduring days 6-14 of gestation. Dams were
subject to caesarean section on day 19 and fetxsesined. Based on average daily water intakes,
Cr levels received were and 2.00, 3.75 and 5.4Twogée/day. Based on a bodyweight of 30 g, the
estimated intake of potassium dichromate was 190,a8d 520 mg/kg/day (70, 125 and 180 mg Cr
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(VI)/kg/day). There were no maternal deaths oricéihsigns of toxicity but weight gain was

decreased at 350 and 520 mg/kg/day (125 and 18Cm@gl)/kg/day) (reductions of 8.2 and 24%

respectively). The number of fetuses per litter \stistically significantly decreased by 20 and
18%, fetal weight was decreased (by 13 and 20%eossely compared to controls) and the
number of dead fetuses increased (3 in 2 litteBs,inl 7 litters respectively) at 350 and 520
mg/kg/day (125 and 180 mg Cr (VI)/kg/day). Post lampation loss increased to statistically
significant levels of 22 and 34% at 350 and 520kg/glay (125 and 180 mg Cr (VI)/kg/day).

Reduced ossification, incidence of dropped wristl @ubdermal haemorrhagic patches were
increased at these dose levels. Overall, chromiiincaused fetotoxicity but not malformations at

350 mg/kg/day (125 mg Cr (VI)/kg/day), a dose lewbich did not produce overt signs of maternal
toxicity but caused a small decrease in bodyweggih. The NOAEL for fetal effects was 190

mg/kg/day (70 mg Cr (VI)/kg/day).

Other studies

In a study (Junaid Met al., 1996b) specifically performed to assess the efégregestational
exposure to chromium on development, groups ofebsafe Swiss albino mice of proven fertility
were administered daily 0, 250, 500 or 750 ppm gsiten dichromate (equivalent to doses of
approximately 0, 63, 119 and 174 mg/kg/day (0, 4D,and 60 mg Cr (VI)/kg/day) in drinking
water for 20 days. The animals were then immediateted for 24 hours with untreated males,
and, subsequently, 10 pregnant females were rarydsgtécted from each group and sacrificed on
day 19 of gestation. Both ovaries were removed ftloendams to determine the number of corpora
lutea. Numbers of implantations and resorptionsewecorded and the fetuses were subjected to
routine external, visceral and skeletal examinatioraddition, at sacrifice, levels of total chram

in the maternal blood, in the placenta and in #tal tissues were measured.

No clinical signs of toxicity were observed in awiyjthe treated females. Mortality (3/15) was noted
at the top dose. Although autopsy of these anim@léd not establish the cause of death, given the
number of deaths and the fact that they occurreéldeahighest dose, they are likely to be treatment-
related. Body weight gain was unaffected duringttkatment. However, during gestation, almost
no body weight gain was seen in the top-dose damd,a reduction in body weight gain of 14%
was observed in the mid-dose dams. Compared toatend statistically significant reduction in the
number of corpora lutea of 44% was noted at 750.ppisD, no implantations were seen in this
group. The number of implantations was also stedity significantly reduced (by 29% of the
control value) in the dams pregestationally treatéth 500 ppm potassium dichromate. A dose-
related (statistically significant in the mid-dag®up) increase in pre-implantation loss was séen a
250 and 500 ppm. Statistically significantly inged incidences of post-implantation losses were
observed at 250 and 500 ppm, and of resorptioB®@ippm. Fetal weight and crown-rump length
were statistically significantly reduced in the loand mid-dose groups. There was also a dose-
related (statistically significantin the mid-dosegp) reduction in litter size at 250 and 500 ppm.
No malformations or major skeletal abnormalitiesreveobserved. A statistically significant
increased incidence of kinky tail, short tail antbdermal hemorrhagic patches was seen at 500
ppm. A statistically significant reduced ossificatiin the parietal, interparietal and caudal bones
was observed in fetuses of dams pregestationahtad with 500 ppm. Fetal caudal ossification
was also significantly reduced at 250 ppm. No gigaumt abnormalities were seen during soft tissue
examinations in any of the treated groups. Totabrhum levels were significantly increased
above levels in the control group for the mateblabd in all the treated groups, for the placerta a
250 and 500 ppm and for the fetal tissues at 509. pp
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Overall, the results of this study indicate thaggmstational oral administration through drinking
water of potassium dichromate for 20 days to fenmalee produced adverse effects on female
fertility (reduced number of corpora lutea andfmereased pre-implantation loss) at 500 ppm (119
mg/kg/day (40 mg Cr (VI)/kg/day)) and above. Fexatceffects were also seen starting from the
lowest dose level tested, 250 ppm (63 mg/kg/day i@ Cr(VI)/kg/day)). Significant maternal
toxicity (mortality) was observed at 750 ppm. Boagight gain was also dramatically reduced at
this dose level. However, it is noted that thisuan was mainly due to the complete absence of
implantations. No significant maternal toxicity wssen at the low and middose levels. Although
there was a reduction in body weight gain of 14%%@®d ppm, this was accounted for by the
reduced litter size and the reduced fetal weights finally noted that significant levels of total
chromium were found in all treated animals at $@eyji.e. at around 21 days after the end of the
treatment. NOAEL values of 119 mg/kg/day (40 mg(\@i/kg/day) and 63 mg/kg/day (20 mg Cr
(V1)/kg/day) can be identified from this study fovaternal toxicity and fertility effects respectiyel

No NOAEL can be identified for developmental effectDevelopmental toxicity including
increased post-implantation losses and resorptredsiced litter size, fetal weight and crown-rump
length, increased incidence of kinky tail, shoittaad subdermal hemorrhagic patches, and delayed
ossification of the parietal, interparietal and @alubones, occurred even in the absence of maternal
toxicity.

Human data

A poorly reported study of the course of pregnaauag childbirth in a group of women employed in
a chromate production plant produced inconclusesilts. Another study claimed that a group of
women engaged in the production of “chromium conmasti showed a much greater incidence of
pregnancy complications in comparison with a cdniy@up without occupational exposure to
chromium. The type of exposure to chromium wasspetified and the study is of poor quality. No
conclusions can be drawn regarding any potentfacesf of chromium on reproduction in humans
due to the poor quality of the investigations castdd.

Summary and discussion of reproductive toxicity

Human data relating to effects on reproduction lemed to poorly reported studies of female
workers from which no conclusions can be drawn.r@lae three animal studies available which
focus on fertility. Adverse effects were producedmice receiving potassium dichromate for 12
weeks in drinking water at 333 mg/kg/day (120 mg\dj/kg/day) and 400 mg/kg/day (140 mg Cr
(VD/kg/day) and above in males and females respsgt A NOAEL of 166 mg/kg/day (60 mg Cr
(VI)/kg/day) was identified in males but no NOAELaw found for females as 400 mg/kg/day was
the lowest dose level tested. An increase in reéso following treatment of males and a decrease
in implantations in treated females were among fthdings in this study. In another study,
pregestational oral administration of potassiumhitimate in drinking water to female mice
produced adverse effects on fertility (reduced neimbf corpora lutea and increased pre-
implantation loss) at 500 ppm (119 mg/kg/day (40@ndVI)/kg/day)) and above. NOAEL values
of 119 mg/kg/day (40 mg Cr (VI/kg/day) and 63 ngjday (20 mg Cr (Vl)/kg/day) can be
identified from this study for maternal toxicity dirfertility effects respectively. In a third study,
fetotoxicity, including post-implantation lossesash been observed in the mouse following
administration of potassium dichromate in drinkimgter during gestation (days 0-19). Significant
developmental effects occurred at the lowest de=eslltested, 60 mg/kg/day (20 mg Cr
(VI)/kg/day) in the absence of maternal toxicityhefefore no developmental NOAEL was
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determined. Qualitatively similar results were afa in another study in which (350 mg/kg)
potassium dichromate (125 mg Cr (VI)/kg) was adstared for a shorter period, on days 6-14 of
gestation.

Overall, highly water-soluble chromium (VI) compalshshould be considered to be developmental
toxicants in the mouse. These findings can be daghas relevant to humans.

It is noted that some of the adverse effects omorkption observed in animal studies may be
related to the germ cell mutagenicity of these wohivmn (V1) compounds (see Mutagenicity
section).

No reproductive toxicity studies are available gdime inhalation or dermal routes of exposure.
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Annex IV: Treatment and coating of metals, metal fnishing processes using chromium (V1)
compounds

The main process which involves chromium is elgititing (chrome plating), but other uses are in
conversion coatings (passivating and anodising}.(E2005). The electroplating sector constitutes
approximately 43% of the total number of compamiéh metal finishing activities.

According to the industry (French consultation, @)Inain activities of the metal finishing sector
using chromate compounds are anodising applicatioernical and electrolytic coatings and paints,
which represent respectively 5%, 24% and 32% otdted metal finishing activity. Main purposes
of metal treatments are appearance improving (1B8sjstance to corrosion (46%), wear resistance
(24%) and others (electrical conductivity, etc.).

Formulation of metal treatment products

There are many different companies throughout thewlho make formulations for use in metal
treatment (E.C., 2005). The formulations are uguetinfidential. However, the same two basic
mixing processes are used to manufacture them:ndres or liquid mixes. The process is
essentially one of mixing components together anpyoduct and then packaging.

Conversion coating (usually called chromate convei@n coating — CCC) or chromating

Conversion coatings are produced by the chemieatrtrent of metallic surfaces to give a barrier
layer of complex chromium compounds on the metafase, to protect the base metal from

corrosion (E.C., 2005). It can also provide a gbade for subsequent painting, give a chemical
polish and/or colour the metal.

There is a range of processes which fit underibaling; the two involving chromium compounds
are passivating andanodising Passivating is a chemical treatment applied toesal product to
enhance corrosion resistance whereas anodising &eatrolytic process designed to produce an
oxide film integral with the surface of the metdhe compositions of the treatment baths are
proprietary and can vary greatly and may contatneeichrome (VI) or chrome (lll). The coatings
can be applied either by immersion or electrolytycde.C., 2005).

Chromate conversion coatinig a type of conversion coating applied to pagsiguminium, zinc,
cadmium, copper, silver, magnesium, tin and thiaya to slow corrosion and to make metal-
plated parts more durable. The strong oxidativep@rties of chromates are used to deposit a
protective oxide layer of complex chromium compaaimmeh metallic surfaces to protect the base
metal from corrosion. This passivation and the BeHling properties by the chromate stored in the
chromate conversion coating, which is capable tgraté to local defects, are the benefits of this
coating method. It can also provide a good basestditssequent painting, give a chemical polish
and/or colour the metal.

The chromate coating acts like a paint, protectiregzinc from white corrosion, this can make the
part several times more durable depending on chmrayer thickness. It cannot be applied
directly to steel or iron, and does not enhance'zicathodic protection of the underlying steeirfro
brown corrosion. It is also commonly used on aluommalloy parts in the aircraft industry where it
is often called chemical film, or the well knownabhd name Alodine. It has additional value as a
primer for subsequent organic coatings, as untideatetal, especially aluminium, is difficult to
paint or glue. Chromated parts retain their eleatrconductivity to varying degrees, depending on
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coating thickness. The process may be used to @ldd for decorative or identification purposes.
Coating thickness vary from a few nanometers t@warhicrometers thick.

The protective effect of chromate coatings on mnadicated by color, progressing from clear/blue
to yellow, gold, olive drab and black. Darker cogs generally provide more corrosion resistance.
Chromate conversion coatings are common on everitéays such as hardware and tools and
usually have a distinctive yellow color.

The composition of chromate conversion solutiongegawidely depending on the material to be
coated and the desired effect. Most solution coitipas are proprietary. The widely used Cronak
process for zinc and cadmium consists of 5-10 skcah immersion at room temperature in a
solution of 182 g/L sodium dichromate crystals {8a0;2H,0) and 6 mL/L concentrated sulfuric
acid.

Anodising of aluminiumis an electrolytic passivation process used teesme the thickness of the
natural oxide layer on the surface of metal pa&itsdising increases corrosion resistance and wear
resistance, and provides better adhesion for gaimers and glues than bare metal. The most
widely used anodising specification, MIL-A-8625,fides three types of aluminium anodisation:
Type | ischromic acid anodisation Type Il is sulfuric acid anodisation and Type il sulfuric
acid hardcoat anodisation. The oldest anodisingga® uses chromic acid which does not lead to
the deposition of chromium but uses chromic acid adectrolyte in the
solutiorhttp://en.wikipedia.org/wiki/Chromic_acidlt is widely known as the Bengough-Stuart
process. In the UK it is normally specified as [3¢n 03/24 and used in areas that are prone to
come into contact with propellants etc. There dse Boeing and Airbus standards. Chromic acid
produces thinner, 0.pm to 18um more opaque films that are softer, ductile, and tlegree self-
healing. They are harder to dye and may be appked pretreatment before painting. A sealing is
usual needed after anodising and uses differerdepses, particularly potassium dichromate salt
(please semfra).

Sealing after anodising

Acidic anodising solutions produce pores in thedssed coating. These pores can absorb dyes and
retain lubricants, but are also an avenue for sowro When lubrication properties are not critical,
they are usually sealed after dyeing to increaseosion resistance and dye retention. Different
types of sealing exist. Teflon, nickel acetate, alblacetate, and hot sodium or potassium
dichromate seals are commonly used.

Chrome (electro)plating or chrome dipping or chromng

Chrome plating, often referred to simply as chromme technique of electroplating a thin layer of
chromium onto a metal object. Chrome is only amply electroplating. Chromium plating is
mainly done either to increase resistance to nidtcarrosion, to facilitate cleaning procedures, to
increase surface hardness and resistance to weaean(hard chrome plating) or for decoration
and aesthetic reasons, in order to achieve a ghauirface (decorative chrome plating). The surface
thickness for the former is typically 10 to 1000 \for the latter, between 0.25 and 1.0 pm.

Chrome plating methods

There are two types of industrial chrome platinlyisons:
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1. Hexavalent chromium baths which main ingredienthisomic anhydre. When mixed with
acid, chromate ions Cid, first form dichromate ions @®-*, then chromic acid »CrOs.
Solutions containing chromic acid are powerfullydizing and highly corrosive.

2. Trivalent chromium baths whose main ingredientisomium sulfate or chromium chloride

The component will generally go through these déife stages.
- Degreasing to remove heavy soiling.
« Manual cleaning to remove all residual traces dfahd surface impurities.
- Various pretreatments depending on the substrate.
« Placed into the chrome plating vat and allowed @abnwto solution temperature.
- Plating current applied and component is left far tequired time to attain thickness.

There are four methods of chromium plating: bameknual; semi-automatic and automatic (E.C.,
2005):

Barrel plating is used for plating small parts @t Icost. Either the parts and solution are rotated
together in an open-ended barrel or parts are sedlon a cage and transferred manually or
automatically from one plating solution to anothEne advantages of using barrel plating are low
cost and a more enclosed process, so reducing ueptasthe plating solutions.

Manual plating is a series of tanks that contaeappropriate plating and cleaning solutions. Parts
are placed on racks or hangers and manually tnaedférom tank to tank. This type of plating
process is labour intensive and, as platers spdadgar proportion of their working time at the
tanks, there is a relatively higher risk of expesuiowever, the use of this method is declining
because of the high costs associated with laboeinsive processes.

In semi-automatic plating, parts are manually l@hde to jigs and then the operator moves the jigs
between the baths using an overhead hoist in &fedined sequence. The operator usually stands
on a platform by the side of the plating line. Tmgthod usually results in lower exposure than
manual plating as the operators can distance thHeessérom the plating solutions for large
amounts of time.

The main difference between automatic and semiraatic plating is that the movement of the jigs
is controlled electronically in automatic platingdatherefore the operator spends very little time
near the plating solutions, except when therepsoalem with the process.

Chrome plating processes

There are two main distinct types of chromium plgtprocesses; decorative and hard chrome
plating. It is possible to use chromium (lll) sdits decorative chrome plating and there has been
an increase in chromium (lll) decorative platingra@ctent years at the expense of chromium (VI)
decorative plating (E.C., 2005).

Hard chrome platings chrome plating that has been applied as ayfaielavy coating (usually
measured in thousandths of an inch) for wear @sist, lubricity, oil retention, and other 'wear
purposes. Some examples would be hydraulic cylindds, rollers, piston rings, mold surfaces,
thread guides, gun bores, etc. 'Hard chrome' isrealty harder than other chrome plating, it is
called hard chromium because it is thick enough dh@ardness measurement can be performed on
it, whereas decorative chrome plating is only miilths of an inch thick and will break if a hardness
test is conducted, so its hardness cannot realigdsesured directly.

Decorative chromeplating is sometimes called nickel-chrome platbegause it always involves
electroplating nickel onto the object before plgtithe chrome (it sometimes also involves
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electroplating copper onto the object before thekedi too). The nickel plating provides the

smoothness, much of the corrosion resistance, ael af the reflectivity. The chrome plating is

exceptionally thin, measured in millionths of achrrather than in thousandths. Nickel plating is
the main touch of a decorative chrome plated sarf@ctich as a chrome plated wheel or truck
bumper). The chrome adds a bluish cast (compardtieccsomewhat yellowish cast of nickel),

protects the nickel against tarnish, minimizeststiag, and symbiotically contributes to corrosion
resistance. Without such nickel undercoating nlecéfe and decorative surface is possible.

The most important issue for durable chrome platorgoutdoor exposure such as on a vehicle is
that at least two layers of nickel plating are rezebtefore the chrome layer called "duplex nickel
plating”: semi-bright nickel followed by bright iel. The reason for this involves galvanic
corrosion issues. The bright nickel is anodic t® slemi-bright nickel, and sacrificially protects it
spreading the corrosion forces laterally insteadllofving them to penetrate through to the steel.

Electrolytic chromium/chromium oxide coated st@elC., 2005)

Steels used in packaging, e.g. cans, are non-dlleteel flat products and are used for drinks or
food products. Depending on the application, tleelstan be covered with a metal coating (tin or
chromium) or with an additional organic coating.€Tiwo main steels used for packaging products
are tinplate and electrolytic chromium coated st&sCCS). Their technical specifications are
described in EN10202. They are both certified fwod contact materials. After tinning, tinplate is
subject to a passivation treatment in which chremand chromium oxides are deposited on to the
surface, to improve resistance to oxidation andraw suitability for lacquering and printing. The
most widely used passivation process for tinplata icathodic treatment in a solution of sodium
dichromate (3.5 to 9 mgfn ECCS is always used lacquered. On the surfatieeostrip a coating
mass between 50 and 140 md/total chromium) is applied. Chromium (VI) is uséd both
processes, but is reduced to chromium metal anohebm (l1) on the final product. Consumer
exposure to chromium (V1) is therefore likely toteegligible from this source.
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