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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR CAT 1 0OR 2, PBT, VPVB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

Substance Name: Potassium dichromate
EC Number: 231-906-6
CAS Number: 7778-50-9

» Itisproposed to identify the substance as a carcinogenic, mutagenic and toxic for reproduction
substance according to Article 57 (a), (b) and (c).

Summary of how the substance meets the CMR (Cat Ir @), PBT or vPvB criteria, or is
considered to be a substance of an equivalent lexalconcern

According to Article 57 of Reach Regulation 190080 substances meeting the criteria for
classification as carcinogenic (category 1 or 2),nautagenic (category 1 or 2) or as toxic for
reproduction (category 1 or 2) in accordance wituil Directive 67/548/EEC may be included
in Annex XIV.

Potassium dichromate has been classified as anogemic (Carc. Cat. 2), as a mutagenic (Muta.
Cat. 2) and as a reprotoxic (Repr. Cat. 2) accgrtinCommission Directive 2004/73/EC of 29
April 2004 adapting to technical progress for tiverity-ninth time Council Directive 67/548/EEC
on the approximation of the laws, regulations ambniaistrative provisions relating to the
classification, packaging and labelling of dangereubstances. The corresponding classification in
Annex VI of Regulation (EC) No 1272/2008 adoptedl®nAugust 2009 is Carc. 1B, Muta. 1B and
Repr. 1B.

Consequently, potassium dichromate has to be cemesidas a substance meeting the criteria of
Article 57 (a), of Article 57 (b) and of Article 5€) of the REACH Regulation.

Registration number(s) of the substance or of subshces containing the substance:

Not available
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PART I: JUSTIFICATION
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This report covers only potassium dichromate. Tible related to chromium (VI) compounds has
already been assessed in the Risk Assessment RE#dR) published in 2005 (E.C., 2005) and
which focused on chromium trioxide, sodium chromatelium dichromate, potassium dichromate
and ammonium dichromate. Sodium dichromate is dyr@zcluded in the candidate list.

Three other Annex XV reports are submitted joirdlyd concern sodium chromate, potassium
chromate and ammonium dichromate. Part | of ea@orteis similar (except for potassium
chromate which is not classified as toxic for rejuction) since information comes from the Risk
Assessment Report.

Common background description of chromium, chromateand dichromate 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 (VI)
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 encoen¢d as oxospecies in the (mono)chromate
(CrO,%) and dichromate (G®;*) anions which are strong oxidising agents at ldw Fheir
oxidative property is widely used in organic chamyisChromates and dichromates are salts of
chromic acid and dichromic acid, respectively. @hi® acid, which is an oxacid has the
hypothetical structure 4#€rQ, By loosing two protons (B, chromic acid and dichromic acid form
chromate ion and dichromate ion respectively. Neithromic nor dichromic acid can be isolated,
but their anions are found in a variety of compairile 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 4£r@nd usually have an intense yellow color.
Dichromate salts contain the dichromate aniogO¢F and usually have an intense orange color.
By comparison, the chromates and dichromates ofjhegtals (such as silver and lead) often have
a red color.

In aqueous solution, hexavalent chromium existsyasochromate 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, 1998). Upaeicular 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

Other chromium containing alloys
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Divalent (Cr (2+)):

Chromous chloride Crgl
Chromous sulfate CrSO
Trivalent (Cr (3+)):
Chromic oxide GO3
Chromic chloride crGl
Chromic sulfate G(SOy)®
Chromic potassium sulphate KCr(§©
Chromite ore FeO.gD;
Hexavalent (Cr (6+)) chromate :
Chromium trioxide Cr@
Chromic acid BICrO,
Sodium chromate NE&rO,
Potassium chromate 2&rOy
Zinc chromate ZnCr
Strontium chromate SrCrO

Hexavalent (Cr (6+)) dichromate :

Sodium dichromate N&r,O
Potassium dichromate 2&r,07
Ammonium dichromate (NH4Er,0O;
Zinc dichromate ZnGO;
1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Potassium dichromate

EC Number: 231-906-6

CAS Number: 7778-50-9

IUPAC Name: Dipotassium dichromate

Synonyms: Chromic acid [HCr,Oy] dipotassium salt, dichromic acid dipotassium,salt

dipotassium bichromate, dipotassium dichromate gkzdp, potassium
bichromate, potassium dichromate[VI], dipotassiuohbmium hepta-oxide
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1.2 Composition of the substance

Chemical Name: Potassium dichromate
EC Number: 231-906-6
CAS Number: 7778-50-9
IUPAC Name: Dipotassium dichromate
Molecular Formula (Hill): KCr,0O;
Molecular Formula (CAS) GH,07.2K
Structural Formula:
g 8, &
O
Molecular Weight: 294.185 g/mol

Typical concentration (% w/w):  99,7% (reagent, taechl)

Typical impurities: water (~0.03%) and sodium darniate (~0.28%) (E.C., 2005).

1.3 Physico-chemical properties

Physico-chemical parameters such as boiling potanol-water partition coefficient and vapour
pressure have little meaning for solid ionic inarigacompounds.

Table 1: Summary of physico-chemical properties

REACH ref | Property Value Reference

Annex, §

Vil, 7.1 Physical state at 20°C and Solid. Orange-red (HSDB, 2005)
101.3 kPa triclinic crystals

VIl, 7.2 Melting (°C) 398°C (HSDB, 2005)

Vi, 7.3 Boiling point about 500°C (HSDB, 2005)

VII, 7.4 Relative density at 18°C 2.676 (HSDB, 2p05

VII, 7.5 Vapour pressure n/a: inorganic ionic (E.C., 2005)

compound

VI, 7.7 Water solubility at 20°C (g/L)| 45 (HSDBDA5)

VI, 7.8 Partition coefficient n- n/a: inorganic ionic (E.C., 2005)
octanol/water (log value) compound
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2 MANUFACTURE AND USES

Information on manufacture and uses may be usefyprioritisation of substances for inclusion in
Annex XIV but this is summarised under section thef second part of this report.

3 CLASSIFICATION AND LABELLING

According to Article 57 of Regulation 1907/2006tREACH Regulation), substances meeting the
criteria for classification as carcinogenic (catggh or 2), as mutagenic (category 1 or 2) or as
toxic for reproduction (category 1 or 2) in accarda with Council Directive 67/548/EEC may be
included in Annex XIV.

Potassium dichromate has index number 024-002-@0/hnex VI, part 3, Tables 3.1 and 3.2 of
Regulation (EC) No 1272/2008.

Potassium dichromate is classified in Annex VI {{&rTables 3.1 and 3.2) of Regulation (EC) No
1272/2008 on classification, labelling and packgood substances and mixtures, amending and
repealing Directives 67/548/EEC and 1999/45/EC,amdnding Regulation (EC) No 1907/2006.

Its classification according to part 3 of Annex ble 3.2 (the list of harmonised classification
and labelling of hazardous substances from Anneto ICouncil Directive 67/548/EEC) of
Regulation (EC) No 1272/2008 is:

10
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Classification Labelling Concentration Notes
Limits

O; R8 T+ N; O C;R34:C>10% E
Carc. Cat. 2; R: 45-46-60-61-8-21-25-26-34- )
R45 42/43-48/23-50/53 Xi; R36/37/38: 5%| 3
Muta. Cat. 2; S: 53-45-60-61 <C<10%
R46

Repr. Cat. 2;
R60-61

T+; R26

T; R25-48/23
Xn; R21

C; R34
R42/43

N; R50-53

Key:

O: oxidising

Carc.: Carcinogenic; Muta.: Mutagenic; Repr.: Tdkicreproduction

R8: Contact with combustible material may cause fir

R21: Harmful in contact with skin

R25: Toxic if swallowed

R26: Very toxic by inhalation

R34: Causes burns

R42/43: May cause sensitization by inhalation dad sontact

R45: May cause cancer

R46: May cause heritable genetic damage

R48/23: Toxic: danger of serious damage to healtprblonged exposure through inhalation

R50-53: Very toxic to aquatic organisms, may cdarg-term adverse effects in the aquatic envirortmen

R60: May impair fertility

R61: May cause harm to the unborn child

T+: Very toxic

T: Toxic

Xn: Harmful

C: Corrosive

N: Dangerous for the environment

S53: Avoid exposure - obtain special instructioafobe use

S45: In case of accident or if you feel unwell kspdical advice immediately (show the label whawssible)

S60: This material and its container must be disgas as hazardous waste

S61: Avoid release to the environment. Refer t@igppénstructions/Safety data sheets

Note E : Substances with specific effects on huheaith that are classified as carcinogenic, mutiagerd/or toxic for
reproduction in categories 1 or 2 are ascribed Hoifethey are also classified as very toxic (Tte)ic (T) or harmful
(Xn). For these substances, the risk phrases R20, R22, R23, R24, R25, R26, R27, R28, R39, R6t{hd), R48
and R65 and all combinations of these risk phrakali be preceded by the word ‘Also’.

Note 3 : The concentration stated is the percenbggaveight of chromate ions dissolved in water gkted with
reference to the total weight of the mixture

11
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Its harmonised classification according to partf3Aonex VI, Table 3.1 of Regulation (EC) No

1272/2008 is:

Classification Labelling
- Specific Conc. Not

Category Code(s) Code(s) Word Code(s) Code(s) actors
Ox. Sol. 2 H272 GHSO03 H272 STOT SE 3; 3
Carc. 1B H350 GHS06 H350 H335 : C> 5%
Muta. 1B H340 GHSO08 H340
Repr. 1B H360-FD GHSO05 H360FD
Acute Tox. 2 * H330 GHS09 H330
Acute Tox. 3 * H301 Dgr H301
STOTRE 1 H372** H372 **
Acute Tox. 4 * H312 H312
Skin Corr. 1B H314 H314
Resp. Sens. 1 H334 H334
Skin Sens. 1 H317 H317
Aquatic Acute 1 H400 H410
Aquatic Chronic 1 | H410

Key:

Ox. Soal. 2: Oxidising solid

Carc. 1 B: Carcinogenicity; Muta. 1B: Germ cell angeenicity; Repr. 1B: Reproductive toxicity; Acutext 2, Tox. 3,
Tox. 4: Acute toxicity ; STOT SE: Specific targetgan toxicity - single exposure; Resp. Sens. 1spRatory/skin
sensitization ; Skin Sens. 1: Respiratory/skin gieation

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

H272: May intensify fire; oxidiser

H301: Toxic if swallowed

H312: Harmful in contact with skin

H314: Causes severe skin burns and eye damage

H317: May cause an allergic skin reaction

H330: Fatal if inhaled

H335: May cause respiratory irritation

H334: May cause allergy or asthma symptoms or biregdifficulties if inhaled

H350: May cause cancer

H340: May cause genetic defects

H360-FD: May damage fertility. May damage the umbchild

H372**: Causes damage to organs through prolongedpeated exposure

H400: Very toxic to aquatic life

H410: Very toxic to aquatic life with long lastimgfects

GHSO03: Flame over circle

GHSO05: Corrosion

GHSO06: Skull and crossbones

GHSO08: Health hazard

GHS09: Environment

Dgr: Danger

Note 3: The concentration stated is the percentggeveight of chromate ions dissolved in water chtad with
reference to the total weight of the mixture

An asterisk (*) indicates: Minimum classificatioorfa category

Asterisks (**) indicate: Route of exposure cannetdxcluded

4 ENVIRONMENTAL FATE PROPERTIES

Not relevant for this dossier.

12
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5 HUMAN HEALTH HAZARD ASSESSMENT

Please refer to Annex | to get an informal overvieisthe human health hazard assessment on
chromium compounds (chromium trioxide, sodium dichate, sodium chromate, ammonium
dichromate and potassium dichromate) from the Riskessment Report (E.C., 2005) and from
other sources regarding the irritation, corrosind sensitisation effects.

6 HUMAN HEALTH HAZARD ASSESSMENT OF PHYSICO-CHEMICAL
PROPERTIES

Not relevant for this dossier.

7 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this dossier.

8 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMEN T

Not relevant for this dossier.

13
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PART II: INFORMATION ON USE, EXPOSURE, ALTERNATIVES
AND RISKS

14
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1 INFORMATION ON MANUFACTURE AND USES

A global overview of chromium and chromium composimdanufacturing and uses is given in
Annex lIl. Following information concerns specifigapotassium dichromate (or other chromates
when data on potassium dichromate are not avajlable

Potassium dichromate is manufactured (HSDB, 2005;,2005):

- either by reaction (double decomposition) of patamschloride on sodium dichromate
liquor followed by selective cooling and evaporatigrystallisation. Sodium dichromate
liquor is obtained from acidification and evapooati of sodium chromate, which is
produced by calcination of chromite ore with sodh;a

- either by acidification and evaporation of potassithromate which is produced by roasting
of chromite ore with potassium hydroxide,

- either upon the reaction between solutions of clwontrioxide and potassium hydroxide
which results in a product of much greater pustyitable for chrome metal production,

- either by roasting chromite ore with potassium oaste.

The annual importation of chromate, dichromate @edoxochromate (excluded: zinc or lead
chromate and sodium dichromate) in France was attoimat 1286 tons and the annual exportation
was estimated around 7 tons in 2005 (INRS, 2008¢0Ading to the RAR, EU production (without
import) of potassium dichromate was estimated @71&ound 1500 tons per year (E.C., 2005). No
more detailed and aggregated information on volummgmrted and used in Europe is available.
According to the French Steel Federation less tttatons is used per year in France (less than 1
ton per legal entity) for this activity sector af@0 to 1000 workers are potentially exposed to
potassium dichromate (French consultation, 2010).

According to HSDB (HSDB, 2005) and INRS (INRS, 2Qp0Opotassium dichromate was once
leading chromium compounds but it has now beerelgngplaced in many applications by sodium
dichromate. The present market for potassium diolate appears to consist of large number of
small volume applications. Contributions receivednt the Industry about the current uses of
dichromates are contradictory (French consultatii,0); this may underline that substitution or
withdrawing of uses are a case by case issue peousype of users.

Potassium dichromate is mainly used in:

- Chrome metal manufacturing by aluminothermic process from chromium oxide. sThi
aluminothermic process differs from the productimnchrome metal by electrolysis of
ferrochromium. Reaction formula is £z + 2 Al > Al,O3 + 2 Cr + AH. Dichromate
compounds (potassium dichromate or sodium dichremate used instead of chromate
compounds when temperature of this exothermic imacteeds to be enhanced, due to its
higher level of oxidation. Their role is to initeaand boost the aluminothermic reaction
starting which could not occur without such enesgpply, due to the refractory properties
of chromium oxide. Potassium dichromate is congideby the Industry as a reaction
intermediate in the involved process (French cdasah, 2010). Among the 7 chrome
metal producers in the world (by both processese2located in Europe and 5 in Russia,
China and Japan. The French one, Delachaux SA, arsemid 1.000 tons of potassium
dichromate per year. No viable alternative has bdentified to date; on the contrary, this
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aluminothermic process has become the main alteentd the manufacturing of chrome
metal by electrolysis which uses chromium (VI) tigte. Following the close down of the
greatest US plant (Eramet Marietta) producing cleonetal by electrolysis, more than 95%
of chrome is produced by aluminothermic proces®0it0. Chrome aluminothermic metal is
mainly used in alloys and nickel super-alloys mawtiring (with many strategic
applications in civil and military aeronautics -€bBuas engine turbines- and nuclear sector)
and in the physical vapour deposition (PVD) tecbgglwhich tends to replace hard chrome
plating (using chromium trioxide), regarding theiauoxidation of chrome (chromium
oxide) which protects the alloy from corrosion.

- Treatment and coating of metals by chromate conversn coatings process (CCCQC):
potassium dichromate (as sodium dichromate) is w@Eedorrosion inhibitors for many
applications including treatment of aluminium, $teed other metal plated surfaces
(aluminium, aluminium/magnesium, magnesium, cadmiaimnc, zinc/nickel, etc.) which
may be subjected to hard elastomeric frictions (GE&ess is described in Annex Ill). By
its low density, magnesium is used in gearboxesufaaturing but is the less resistant metal
to corrosion amongst those used in aircraft ingug€thromating bath contain either a single
chromate salt (chromium trioxide, potassium chr@ngbtassium dichromate or sodium
dichromate) either a mixture of them. For such inp#ats used in aeronautic sectors, the
most performant treatment in terms of sustainghititaggressive environment which allow
at least 30 years life duration is a chromic arnadisfollowed by chromic sealing,
magnesium conversion and cadmium plating with dictate finishing.

- Sealing after anodising of aluminium Potassium dichromate (as sodium dichromate) is
commonly used in sealing of pores in the anodizedticgs of aluminum in order to
increase corrosion resistance and dye retenticer afyeing. This process takes places
especially in civil and military aeronautics. Acdorg to the French trade of surface
treatments industries UITS-France, this is a marnkiehe which concerns only few
European plants and uses around 7.5 tons per f/patassium dichromate for this purpose.

- Cleaning: like other chromium (VI) compounds (chromium kide, sodium dichromate),
potassium dichromate may be used to prepare chracidg which can be used for cleaning
glassware and etching materials (HSDB, 2005).

- Construction: potassium dichromate is used as an ingredienement in which it retards
the setting of the mixture and improves its denaityg texture. This usage commonly causes
contact dermatitis among construction workers.

- Manufacture of reagents and chemicalspotassium dichromate is used for manufacturing
chromate containing reagents and chemicals usedhéory applications such as analysis
(seeinfra), instrumental calibrations, routine checks, métashing processes, etc. (French
consultation, 2010). One of the European produgses around 1 ton per year of potassium
dichromate; around 30 workers of this plant areeptially exposed to potassium dichromate
(by sampling, packaging, formulating and manufaot)t

- Laboratory: potassium dichromate is used as an analyticakergggtrating agent) in wet
chemical methods such as the determination of kieenecal oxygen demand “COD” for
waste waters treatment (following the French stehddF T 90-101, which may be
substituted by another standardized method usingaspmm permanganate), the
identification of chlorides (for example in hydrdohc acid, or sodium chloride), the
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guantification of Fe-contents (Fe, FeO,,Bg etc.), potentiometric analysis, etc. These
analytical measurements are used by a great nuoftagplicants throughout Europe; total

volume used for these purposes are indeed impedsilinow but could be significant even

if each individual applicant use a small quantikys¢ than 100 g) per year. Potassium
dichromate is also used as oxidising agent andgamc chemical reagent in various

laboratory applications; one European plant hasadst using around 2 tons per year for
these purposes. Potassium dichromate is for instaised in silver testing (Schwerter's
solution used to test for the presence of varioetals, notably for determination of silver

purity: pure silver turns the solution bright rededium grade silver turns it dark red and
low grade turns brown to green. It should be umdked that most of these applications are
defined by either national or international staddareither monographs of the

Pharmacopoeiaomplying with in force regulations.

- Ethanol determination: The concentration of ethanol in a sample can leraéned by
back-titration with acidified potassium dichromaReacting the sample with an excess of
potassium dichromate, all ethanol is oxidized tetiacacid. The excess dichromate is
determined by titration against sodium thiosulph&ebtracting the amount of excess
dichromate from the initial amount, gives the antooinethanol present. Accuracy can be
improved by calibrating the dichromate solutioniagiaa blank. One major application for
this reaction was in the past the manufacturingrethanalyser tests. When alcohol vapor
makes contact with the yellow dichromate-coatedtalg, the color changes from yellow to
green. The degree of the color change is direetbted to the level of alcohol.

- Tanning and dressing of leather:tanning of leather is a chemical process in which
chemicals like chromium are fixed into the fibresorder to stabilise the hide. The process
of tanning is essentially a stabilisation of thdlagen fibres in the leather by blocking
reactive functions and by cross linking them witkive leather. Chromium tanned leather
can contain between 4 and 5% of chromium, whictigistly bound to the proteingn the
tanning process the chromium (Ill) is bonded toldzher, usually by bathing the leather in
a bath containing brine and chromium (lll) salts 16 hours (E.C., 2005). Nowadays, quite
all tanning within the EU (percentage not knowng¢asried out using directly basic trivalent
chromium (lll) sulphate containing solutions. Thgeocedure has thus replaced previous
techniques based upon the use of chromium (VI) camgs (especially sodium dichromate
but also potassium dichromate or ammonium dichrejnahich needed the reduction to a
valency of (lll) in the tannery, before tanningcltiomate salts were used to formulate
chromium (lll) sulphate in the tanning bath (AFSSED08; E.C. 2005). Few plants in
Europe may still use chromium (VI) compounds.

- Manufacture of textile: potassium dichromate is expected to be usedepgpation and
spinning of textile fibres as a textile mordankifig agent) and oxidizing agent for dyes,
applications for which sodium dichromate is comnyairded (cf. Annex IV). In France, the
annual consumption of potassium dichromate in leefiishing in 2005 was estimated less
than 0,2 ton (INRS, 2005). However according to BE$ (AFSSET, 2008), the use of
chrome containing mordant has stopped since 19&tkghto substitution by synthetic dyes
which get a reactive connection in their structuith the fibre. Nowadays, natural pigments
are used again (for instance in organic textilefd dree-Cr(VIl) mordants are used
(@luminium salts (alun, mixture of aluminium sudfatnd potassium sulfate) or natural
tannins.

17



ANNEX XV — IDENTIFICATION OF SVHC

- Photolitography: potassium dichromate has important uses in phapbyy and in
photographic screen printing, where it is usedragxdizing agent together with a strong
mineral acid. This solution reconverts the elemlesilaer particles in the film to silver
chloride. It has not been possible to confirm i§ thpplication is still in use.

- Wood treatment potassium dichromate may be still used to firgshtain types of wood
because it brings out the color and grain to a véegp, rich appearance which is
particularly effective on mahogany, a variety aigiical dark-coloured hardwood. Potassium
dichromate has been used in the formulation of mtadene wood preservatives as fixative
for biocide components (potassium dichromate déedrow any biocide property); its use
(contrary to chromium trioxide) is now forbiddentlag EU level (please refer to Annex Il).

- Corrosion inhibitor in cooling systems(ASETSDefense, 2010).

Other potential uses referenced in -linking agpainting, printing, decorating porcelain, bleaching
palm oil, wax and sponges, waterproofing fabriospadarizer for dry cells in electric batteries,

pharmaceutic aid, brass pickling, explosives, clwogiue and adhesives, synthetic perfumes,
alloys.

It should be underlined that chromium (VI) composiritke potassium dichromate and sodium
dichromate (and others, barium chromate for ingameay be used as substitutes of chromium
trioxide for several applications such as hard ste@lating (by generating chromic acid in solution
which is transformed in chrome metal by electrop&t chromic anodising of aluminium, etc.

2 INFORMATION ON EXPOSURE

From 2007, coatings containing hexavalent chromadlinno longer be permitted under the End of
Life Vehicles Directive (Directive 2000/53/EC ofetfturopean Parliament and of the Council of 18
September 2000 on end-of life vehicles) and the tév&dectrical and Electronic Equipment
Directive (Directive 2002/96/EC of the Europeanli@arent and of the Council of 27 January 2003
on waste electrical and electronic equipment). Thi# impact on some of the passivation
applications where Cr (VI) is present in the fimdharticles and substitution will become a
necessity. Volumes of used potassium dichromatelecesasing since the entry into force of these
directives. According to the industry, it is notsgible de know the exact consumption of potassium
dichromate in Europe, its uses being shared beta@emsiderable amount of plants.

In addition, migration limits have been establishathin Council Directive 2009/48/EC, for the
presence of chromium (VI) in children’s toys.

Considering that chromium compounds are no moreufaatured in Europe (cf. section 2.1 in
Annex II), workers exposure related to the manufidéety of chromium (VI) compounds is not
expected.
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2.1 Exposure of workers

2.1.1 Global overview of workers exposure to chromium (V) compounds in Europe

Several million workers worldwide are exposed tdb@ine fumes, mists and dust containing
chromium or its compounds. Of the occupationalagituns in which exposure to chromium occurs,
highest exposures to chromium (VI) may occur duraigomate production, welding, chrome
pigment manufacture, chrome plating and spray pajntHighest exposures to other forms of
chromium occur during mining, ferrochromium andestproduction, welding and cutting and
grinding of chromium alloys (IARC, 1997).

Data on exposure levels are available for severatiBc industries and job categories covering
several decades. In the past, exposures to chrorfilinin excess of 1 mg/fhwere found
repeatedly in some processes, including chromiuating, chromate production and certain
welding operations; exposures to total chromium ehdeen even higher. Modern control
technologies have markedly reduced exposures ire gpotesses, such as electroplating, in recent
years (IARC, 1997).

In epidemiological studies on cancer in humansrbleand consistently elevated lung cancer risks
have been observed in chromate production (exposwamly to trivalent and water-soluble
hexavalent chromium compounds), in chromate pignpeatuction (exposure mainly to water-
soluble and water-insoluble chromates) and alschnomium plating using chromic acid (ICDA,
2001).

A recent recommendation from the Scientific Comesitton Occupational Exposure Limits

(SCOEL) concluded that lung cancer was the critefldct of concern for occupational exposure,
such that controls aimed at reducing lung cancewulshalso reduce the risk of other effects
(SCOEL, 2004). In view of the genotoxicity of Crlif\¢ompounds, it is not possible to identify a

clear threshold below which there would be no iasesl risk of lung cancer. Consequently, no
conclusions were reached concerning the magnit@ideeocancer risk in workers. However, the

recommendation from SCOEL has been published gontpiquantitative risk estimates for lung

cancer. Table 2 shows the quantitative risk esemdbr lung cancer as presented in the
SCOEL/SUM/86 final document (SCOEL, 2004).

Table 2: Risk Assessment for Lung Cancer

Excess lung cancer cases per 1000 Exposure (Working Lifetime
male workers to a range of Cr (VI) compounds)
5-28 0.05 mg/rh
2-14 0.025 mg/rh
1-6 0.01 mg/m
0.5-3 0.005 mg/rh
0.1-0.6 0.001 mg/fn

The values in the Table 2 are based on an anal§/4di® epidemiological studies and were derived
using a linear no-threshold model. SCOEL agreetl hah a linear extrapolation approach was
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appropriate given that the Cr (VI) compounds armmehensively genotoxic. It is important to
note that the SCOEL report draws attention to adasncertainty associated with these risk
estimates. For example, SCOEL felt that the irtitmnd inflammatory properties of the Cr (VI)
compounds might contribute to the carcinogenic @sec Such effects are likely to have dose
thresholds, and hence the modelled risk valuesbeayer-estimated at low exposures. In addition,
SCOEL noted that at low exposures to Cr (VI) compsy) there are physiological defence
mechanisms in the lungs that can convert Cr (Vihless harmful trivalent forms of chromium.
This again suggests that a linear model may overatt risks at low exposures. In essence, the
SCOEL report presents risk estimates derived uaitigear no-threshold model, but on the other
hand, also includes toxicological reasons why tloeleh could lead to an overestimation of lung
cancer risk at low levels of exposure. Therefol#noaigh the risk estimates are presented here for
information, the uncertainties surrounding them nma¢ be overlooked.

Overall, the SCOEL report recommends that for thlakde chromates (VI), consideration could be
given to setting an occupational exposure liméititer 0.01 mg/rhor 0.025 mg/m (8-hour TWA).

There are a number of countries with exposure dirffit chromates and these have been tabulated
below (E.C., 2005). These limits are provided fdormation and not as an indication of the level
of control of exposure achieved in practice in vwdakes in these countries.

Table 3: Occupational Exposure Limits

Limit I
Country Compound (mg/n® as Cr) Type of Limit
UK Cr (VI) compounds 0.05 8-hour TWA (MEL)
Production of soluble Cr (VI) 0.1
Germany compounds 8-hour TWA (TRK)
Other Cr (VI) compounds 0.05
USA ACGIH Water soluble Cr (V1) 0.05 8-hour TWA (TLV)
compounds
USA OSHA Cr (VI) compounds 0.1 (as GO STI?IF;E:SImg
TWA (REL)
USA NIOSH Cr (VI) compounds 0.001 10-hour workday
40-hour workweek
0.025 8-hour TWA
Netherlands Soluble Cr (VI) compounds 0.05 STEL
. . 0.02 8-hour TWA
Sweden Chromates and chromic aci 0.06 STEL
Finland Cr (VI) compounds 0.05 TWA
Cr (VI) compounds —
Japan carcinogenic 0.01 8-hour TWA
P forms 0.05 8-hour TWA
Cr (VI) compounds
0.05 8-hour TWA
France Cr (VI) compounds 0.1 STEL
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Key:

MEL:  Maximum exposure limit

NIOSH: National Institute for Occupational Safatyd Health
PEL: Permissible exposure limit

OSHA: Occupational Safety and Health Administnatio
REL: Recommended exposure limit

STEL: Short term exposure limit

TLV:  Threshold limit value

TRK: Technical exposure limit

TWA: Time weighted average

For information, the Occupational Safety and Hed&ltiministration (OSHA) proposed to tighten
the standard for hexavalent chromium occupatioxgosure with a permissible exposure limit
(PEL) value for chromium (VI) of 0.005 mg’nicalculated as an 8-hour time-weighted average
(TWA)) (OSHA, 2008).

Values of Occupational exposure limits (OELs) areally similar across the EU. However there
may be differences across Member States in relétidhe legal or advisory framework associated
with OELs affecting the way OELs are interpreted aomplied with. These proposed occupational
exposure limits only relate to inhalation expos@ecupational exposure limits are not usually set
for dermal exposure.

As the bronchial tree is the primary target organdarcinogenic effects of Cr (VI), inhalation of
chromium-containing aerosols is therefore a magrcern with respect to exposure to chromium
compounds. The Risk Assessment Report on chromampounds provides inhalation exposure
data for Cr (V1) compounds for different industscsor (E.C., 2005). These data are summarised in
the Table 4. Reasonable worst-case (RWC) inhalatimosures are based on th& pércentile of
available measured data with professional judgrasetl where limited data were available.

Table 4: Summary of occupational inhalation expesiata from the Risk Assessment Report

Number of Range of | Geometric Reasonable
Industry samples exposures mean worst case (RWC) | Source
P (mg/m®) | (mg/m’) (mg/m’)
manufacture of other Cr
containing chemicals
0.5 (8 hours) measured datg
- dyestuffs 39 nd-1.4 0.02 1.5 (short term) | judgement
- chrome tan 115 0.00001 - 0.002 0.007 measured daja
0.025
Use in metal treatment
-electrolytic 315 <%‘%%1 i 0.01 0.02 measured data
-passivation 42 <0.001 0.001 measured dafa
. . 0.001 -
Use as a mordant in wool dyeing 3 0.042 0.015 0,5 measured datp
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Inhalation exposure data on manufacturing process are given only for information as chromium
compounds are no more manufactured in Europe (see Annex 11)

There are two types of chromium pigments: those rmain as chromium (VI) and those which
are reduced to chromium (Ill). For both types, esgpes usually occur during weighing and mixing
of ingredients. Once they have been mixed andedabien there is no further exposure. The range
of exposures is quite large, from none detected4ang/ni. It seems likely that the high exposures
were obtained when local exhaust ventilation (LEM§S not in use. A reasonable worst-case
exposure of 0.5 mg/frwas agreed. For short term exposures a RWC im/&7 (E.C., 2005). In
manufacture of pigments and dyes, although thexreaarumber of companies in the EU, the exact
number of workers involved is unknown.

For few plants which may continue to use Cr (VI)npmunds for tanning use, chrome salts are
made either by reacting sodium dichromate with sulgas in an enclosed process or by reacting
sodium dichromate and sodium chromate with a redusugar. In both cases liquid chromates are
used and exposures will be low as there is littleeptial for exposure except when liquid chromate
is discharged from a road tanker into a storagsele$he production process itself takes place in
an enclosed system. The range of exposures is @000.025 mg/rh A reasonable worst-case
exposure is 0.007 mgAnbased on the Q%percentile of the available data (E.C., 2005). €kact
numbers of workers involved in the manufacture lmbmium (VI) tanning agents is unknown but
expected to be low since chromium (lI) sulphataasy commonly used for this purpose.

Occupational exposure to chromium (V1) during métahtment can be from either electrolytic or
passive processes. When electric current is ugbdrae chromium (VI) in the form of mist is
generated. This mist is not generated with pasgreeesses and so inhalation exposures during
passive metal treatment will be very low. Exposwik also occur in both types of process when
chromate solutions are made up and added to therteat bath. Exposures for electrolytic metal
treatment range from less than 0.001 to 0.05 rgAnreasonable worst-case exposure is 0.02
mg/nt, based on the tpercentile of available data (E.C., 2005).

In textiles industry where Cr (VI) compounds aredisas fixing agents in dyeing process, inhalation
and dermal exposure are likely to occur during Wwieig, mixing with water and during addition of
the solution to the dyeing vat. Once in solutiopasure is considerably reduced. According to the
Italian Textile and Health Association (Associazodressile e Salute, 2009), all precaution are kept
by their members in order to avoid the workers asxpe to Cr (VI) (prevention of accidental
release, closed automatic system, protection ohedaoperators by procedures and personal
protection devices, use of chromate in solutioargter to limit the exposure, etc.).

The Risk Assessment Report on chromium compoursts @bvides dermal exposure data for Cr
(V1) compounds for different industry sector (E.€005). These data are summarised in the Table
5. The EASE (Estimation and Assessment of Subst&mxgosure) model was used to predict
dermal exposures during the manufacture of chrasnate
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Table 5: Summary of occupational dermal exposuta filam the Risk Assessment Report

Range of exposures|
Industry (mg/cn?/iday) Source
manufacture of other Cr containing
chemicals
- dyestuffs 01-1 EASE
- chrome tan 0-0.1 EASE
- manufacture Cr metal very low EASE
Use in metal treatment
-mixing of solutions 0-01 EASE
-adding to bath 0-0.1
-drag out 1-5
-re-threading steel strip 01-1
Use as a mordant in wool dyeing 01-1 EASE

Dermal exposure data on manufacturing process are given only for information as chromium
compounds are no more manufactured in Europe (see Annex 11)

In the manufacture of other chromium-containingrnoloals dermal exposures most often occur
during weighing and charging of reactants to vesskl the manufacture of dyestuffs dermal
exposure is predicted to be 0.1-1 mgfktay. In chrome tan manufacture dermal exposures ar
predicted to be 0-0.1 mg/éfday (E.C., 2005).

In metal treatment dermal exposures are likely éosbmilar for both electrolytic and passive
processes. They can occur during making up ofrnreat solutions, adding the solution to the
treatment bath, from drag out and splashing andnwieethreading treated steel strips. EASE
predicted dermal exposures to be 0 to 0.1 mgttay during mixing of solutions and adding to the
treatment bath, 0.1 to 1 mg/&uay during re-threading of steel strips and 1 todicnf/day from
drag out. Personal Protective Equipment (PPE) neawdrn for these tasks. PPE, properly selected
and worn will significantly reduce exposure (E.Z005).

2.1.2 Workers exposure to potassium dichromate specifici

In France, the number of workers (primary userduskeely) potentially exposed to potassium

dichromate was estimated in 2005 from 1850 to 570@. table 6 resumes the number of workers
exposed to potassium dichromate per industry setter number of workers potentially exposed
among downstream users is not known (INRS, 2005).
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Table 6: Number of workers exposed to potassiunhrdioate per industry sector in France
(estimation in 2005)

Number of workers exposed to potassium chromate)

Industry sector (estimation in 2005, France)

Textile finishing <100

Dyes and pigments manufacturing 150 - 500
Steel industry 1500 - 5000
Electronic devices manufacturing <100

According to the Industry (French consultation, @0175% of metal finishing plants in France are
equipped with automatic treatment line and productnanagement computer aided preventing
exposure from baths and treated pieces.

2.1.3 Prevention of workers exposure to Cr (VI) compoundsn metal treatment

According to ICDA (ICDA, 2001), the most effectiyevention of exposure is replacement of
hexavalent chromium with trivalent, which has betown to be feasible in some uses such as
decorative chrome finishing (cf. section 3). Wheueh a change to the process is not possible it is
necessary to achieve adequate control by othergnean

With some operations the emission of chromic aorddther chromate] mist can be controlled by
total enclosure of the process. Where this is aas@nably practicable, it is necessary to achieve
adequate control by providing efficient exhausttifation and/or by treating the electrolyte (platin
solution) with a mist suppressant to limit the egiga of mist into the workplace atmosphere.

Even when the process can be completely enclosé@ce ventilation should still be provided at
the enclosure. The extraction should be suffictenénsure that there is movement of air into the
enclosure when any access points in the enclosere@ened for purposes of process control, so
preventing emission of mist into the workroom atpieee. It is prudent to keep the exposure as
low as is possible using best available technigkes., 2006).

In the workplace, preventive steps such as engmgeeiesign containment, improved systems of
work and hygiene measures are developed in ordemitomise occupational exposure to
hexavalent chromium compounds leading to a reduatiothe experience of health effects. To
measure and assist in the control of exposuresatvtitkplace, ambient air monitoring is performed
and the exposure levels compared to national oticmah exposure standards. However, ambient
air monitoring does not take into account all reuté exposure e.g. ingestion and through the skin
and mucosa. Biological monitoring is therefore ddeal option for monitoring total exposure by
analysis of the amounts of chromium in biologicamples such as blood and urine. In addition,
examination of exposed individuals are advised peraodic basis through health surveillance and
may allow an opportunity for early detection of Wleaffects, which can then lead to appropriate
preventive intervention to reverse, reduce or misénsuch effects.

2.2 Exposure of the general population via consumer pucts

Chromium (VI) compounds are not known to be presemreater than residual concentrations in
products available directly to the consumer (E2005).
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2.2.1 Chromated end products

Concerning chromated end products (after chromatevarsion coating), a layer of chromium
oxide is formed on the metal surface,@yis the main oxide, either colourless either frdighsly
yellow to brown depending on the treatment duratidhis coating contains Cr(VI) and other
chromium compounds with other valency. Cr(VI) conitbave been measured up to 15% of total
chromium content (AFSSET, 2008).

2.2.2 Textiles

According to the Italian Textile and Health Assdica (Associazione Tessile e Salute, 2009)
chromate compounds used as mordant are not priesér textile product since it has chemically
reacted both with the fibres as well as with dygsbinding with both. However, hexavalent

chromium can be present in textiles which are dyétl post-chromating dyes when chromating
conditions are not properly checked. Today, ithgeot of investigation in textiles, but the overall

analyses made showed that it has been detectenlyimare cases. Moreover, the Italian production,
through the addition of a reduction after dyeingswes the absence of Cr (VI) in the textile
product.

2.2.3 Leather goods

Concerning leather goods, most of the tanning withie EU is carried out using basic trivalent
chromium (lll) sulphate. Basic trivalent chromiumlghate manufactured within the EU contains
no measurable Cr (VI) (Cross Hdl.al., 1997). Consequently consumer exposure to Crffdin
leather goods based on leather tanned within thesEEdpected to be insignificant.

A French study (Matrtinetti R., 1994) has demonsttahat under specific conditions of humidity,
ultraviolet-C light and pH, there is a possibiliy transforming chromium (llI) compounds into
chromium (VI) compounds which could migrate frone fleather. However research is still needed
to better understand the transformation mechanisammmium (lll) to (VI) in finished leather as
well as the potential toxic effects to man at tresy low range of values.

Considering that health problems with chromium rasstly related to leather products (chromium
is also found in textile products like dyed wooldasilk), the German enforcement authorities
strongly advise all those marketing leather prosliciGermany to ensure that the Cr(VI) content of
the leather does not exceed 3 ppm which is thectietelimit (CBI, 2008).

Concerning chromium pigments although some pigmeatssbe manufactured from chromate the
resulting pigments are Cr (lll) based and any redidCr (VI) is removed by washing during
manufacture (E.C., 2005).

2.3 Exposure of the general population via the environmnt

Nonoccupational sources of exposure to chromiurtudecfood, air and water, but the levels are
usually several orders of magnitude lower than éhtgically encountered in occupational
situations (IARC, 1997).

Releases of chromium (VI) from any sources are eepeto be reduced to chromium (lIl) in most
situations in the environment. The impact of chrami(V1) as such is therefore likely to be limited
to the area around the source (E.C., 2005).

25



ANNEX XV — IDENTIFICATION OF SVHC

2.3.1 Exposure via drinking water

The concentration of chromium in water varies adicay to the type of the surrounding industrial
sources and the nature of the underlying soils (WB@O0). For example, in the Netherlands, the
chromium concentration of 76% of the supplies watow 1 pg/L and of 98% below 2 pg/L
(WHO, 2003). As far as drinking water quality armhsumer protection is concerned WHO and the
European Union (under the Council Directive 98/&3/&f 3 November 1998 on the quality of
water intended for human consumption) have estadisa guideline value of 50 pg/L for total
chromium in drinking water (WHO, 2003).

2.3.2 Exposure via food

Food contains chromium at concentrations rangiognfc10 to 130Qug/kg. Highest concentrations
have been found in meat, fish, fruit, and vegetbl#ensils used in the preparation of food may
contribute to chromium levels (WHO, 2003).

2.3.3 Exposure via ambient air

Hexavalent chromium substances are of low volatdihd so emissions to air are unlikely from
most processes. Specific information provided bywfi@cturers and users indicates that there are
some releases to air from production and from sase steps; these are expected to be in
particulate form (E.C, 2005).

Ranges of chromium levels in Member States of tn@ean Union were given as follows: remote
areas: 0-3 ng/f urban areas: 4-70 ng/mand industrial areas: 5-200 ngjme.g. the mean
concentration of total chromium in air in the Netheds varied from 2 to 5 ngfifWHO, 2003).
Mass median diameters of chromium-containing padtes in ambient air have been reported to
be in the range 1.5-1,9m (WHO, 2000). According to the EPA (US-EPA, 1998hromium
particles of small aerodynamic diameter (< @®) will remain airborne for a long period.
Consequently, population may be exposed to chrontimough inhalation of ambient air.

The retention of chromium compounds from inhalatioased on a 24-hour respiratory volume of
20 n? in urban areas with an average chromium conceotraif 50 ng/m, is about 3—400 ng.
Individual uptake may vary depending on concomitaxposure to other relevant factors, e.g.
tobacco smoking, and on the distribution of theiplarsizes in the inhaled aerosol (WHO, 2000).

Mean chromium intakes (estimated total exposurenffood and water range from 52 to 943
ug/day (WHO, 2003). The estimated total intake ofoafium from air, water, and food by the
general population in the United Kingdom is in taage 78—-10@g/day. Food contributed 93—-98%
of the total intake and water 1.9—7%. The contrdyufrom air was negligible. In the Netherlands,
the estimated mean daily chromium intake is fi@0with a range of 50-20@g. In general, food
appears to be the major source of intake. Drinkuager intake can, however, contribute
substantially when total chromium levels are ab2vag/L.

2.3.4 Exposure via the environment (water, sediment, sodnd food chain)

The following information on exposure via the environment was taken from the Risk Assessment
Report on chromium compounds, published by the ECB in 2005 (E.C., 2005).
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They are potential releases to water as some girtieesses take place in water. Then released, the
behaviour of chromium species in the environmemt lba influenced by environmental factors,
such as pH and water hardness.

In the Risk Assessment Report on chromium compquhdss assumed that for acidic (or neutral,
where high concentrations of reductants for chromifyl) exist) soils, sediments and waters,
chromium (V1) will be rapidly reduced to chromiumil and that 3% of the chromium (lll) formed

will be oxidised back to chromium (VI). The net uésof this is that of the estimated chromium
(V1) release to the environment, 3% will remaincisomium (VI) and 97% will be converted to

chromium (ll). Consequently, exposure to chromi(vt) in the environment is expected to be
reduced by the formation of chromium (llI).

Under less favourable conditions, e.g. alkalinedittons (~pH>8) and/or neutral conditions, where
low concentrations of reductants for chromium (éRist, it will be assumed that the rate of
reduction of chromium (VI) to chromium (lll) is sig with a long half-life of around 1 year. Such
conditions are found in seawater, where a pH afirld® is typical.

In addition, chromium (V1) exists mainly as highdpluble oxoanions in the environment and is
expected to be mobile in soils and sediments afthois adsorption is pH dependent. As a
conseqguence, exposures through soils and sedirent®t likely to be significant.

Moreover, there are no direct emissions to lanthoalgh the particulate emissions to air are likely
to be deposited to land. Sludge application is laropotential route to land; however, from
comments from producers and users it is more dsuablid waste and sludges to be disposed of to
landfill.

Chromium (VI) has been shown to be taken up bydewange of organisms from water, sediment
and soil. For fish, although uptake does occur,bilbeoncentration factors for chromium (VI) are
usually very low (~1 L/kg). However, the uptakeabfromium by other organisms appears to be
higher than seen for fish, although few of the expents distinguish between chromium (VI) and
chromium (IIl) concentrations in the organisms. amto the situation for fish, it is possible that
once taken up by the organism, chromium (VI) isucedl to chromium (111) in the tissues, resulting
in a build up of chromium (Ill) and hence an ovéreate for the true bioconcentration factor for
chromium (VI1). BCFs of up to around 9,100 L/kg @mussel dry weight basis) for chromium (VI)
and 2,800 L/kg (on a mussel dry weight basis) feomium (l1I) have been determined in mussels,
and BCFs of around 500 L/kg (on a cell dry weigasib) for chromium (VI) and 12,000-130,000
L/kg (on a cell dry weight basis) for chromium Jlhave been determined in algae. Transfer of
chromium via the alga to bivalve, and sedimentitallke food chains appears to be relatively low.
However, in the Risk Assessment Report on chrontompounds, it was concluded that further
work could be done to test whether the mussel-besetichain is of concern.

3 INFORMATION ON ALTERNATIVES

3.1 Alternative substances

According to the Industry (French consultation, @0&and despite more than 10 years of research
and development, substitution of potassium dichtenaad other commonly used chromium (V1)
compounds in the aeronautic sector is not yet plessand will need 5 to 7 years more for
performance specifications fulfilment (for instarsecurity specifications, ensured efficiency over
30 years, etc.) before being agreed by decisiorensak
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Same alternatives to the use of chromium (VI) conmois in textile manufacturing and leather
tanning are described below for all involved substs (potassium dichromate, ammonium
dichromate and potassium chromate).

3.1.1 Chrome metal manufacturing by aluminothermic proces

No alternative identified without the use of othemromium (VI) compounds, in particular
chromium trioxide. Alternatives could have beemiifeed in the US (see section 3.2).

3.1.2 Treatment and coating of metals by chromate conveisn coating

Chromate conversion coating (CCC) which uses C) ¢dmpounds tends to be substituted by a
process which uses trivalent chromium compoundstber corrosion inhibitors (molybdates,

zirconates (or titanates), cerium, silanes andagdis). The substitution with trivalent chromium
compounds is the most common alternative.

Information is taken for most from a stddgn use and alternatives of chromium compounds
identified as CMR substances (AFSSET, 2008).

Qualification of substitutes to CCC of magnesiumgpéespecially in aircraft gearboxes) has been
engaged but industrial implementation won't occefiobe around 5 years.

The different alternatives to chromate conversioationg (with Cr (V1)) are listed in the sections
below.

3.1.2.1 Alternative based on molybdates

Two types of treatment based on molybdates areilpessone containing sodium molybdate
(N&xMoO,, 2H,0) and the other based on a mixture of molybdatiepdnosphate.

Anti-corrosive performances of the treatment basedsodium molybdate are much lower than
conversion coating which used chromium (VI) (72alt spray resistance to treatment with Mo, and
250 h resistance for the treatment with Cr (V1)).

Treatment based on a mixture of molybdate and gtadsdormed a layer of oxide on the surface of
the metal treated. This layer can provide corrosiesistance comparable to treatment with
chromium (V1) for cyclic moisture/drying tests. Bpns, it is less resistant to salt spray test. The
filing of an organic layer can improve this featufdis type of treatment, protected by patents, is
barely visible in the industry.

3.1.2.2 Alternative based on zirconates or titanates

The adhesion to paint is good and comparable teettabtained by treatment with hexavalent
chromium. Moreover, these treatments can be inrdaoce with specifications very demanding in
terms of corrosion if the metal part is coveredhvatditional protective layers (paint or varnish).
However, if, for aesthetic reasons or electricaldiectivity, the metal should not be covered, the
anti-corrosive properties do not seem sufficienntike these products viable substitutions.

1 This study was performed in 2008 by the AFSSET (French agency for environmental and occupational health safety)
with the collaboration of ALCIMED (AFSSET, 2008).
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3.1.2.3 Alternative based on vanadates and tungstates

Vanadates ions (V§) and tungstate ions (W®) can be used for processing metals. However,
these ions do not have a good corrosion protefbiothe industry.

3.1.2.4 Alternative based on cerium

CeQ, protection systems are not inherently protectiseCa (VI) is, and the mechanism of Ce

protection is not well understood. Surface clearang preparation are critical with Ce and it is

essential for the coating to have the correct siracand thickness. Phosphating improves the
protection by changing Ce (IV) to Ce (lll) (Legg@, 2007). Treatment with cerium is protected
by several patents and it is not used at the indlstale.

3.1.2.5 Alternative based on silanes

For this type of treatment an appropriate cleamitatping of the surface must precede the process of
silane passivation. Once applied, it is necessapply heat treatment to obtain a dense layer of
silane forming an effective barrier against comasi

Other organic systems are studied to improve theesidn. For example, carboxylic acid groups
and anhydrides. For these organic systems it srasessary to perform a cleaning/etching of the
surface prior to passivation. It should be noteat this treatment is expensive and has not been
identified at the industry level.

3.1.2.6 Alternative based on trivalent chromium compounds

The chemical process is similar as conversion sgatith Cr (VI).

The conversion coating based on Cr (lll) presentsadrrosion properties and self-healing less
efficient than Cr (VI). This substitution is the stacommon in the industrial world, despite a cost
ten times higher than traditional conversion caafmocess. However, the main problem of this
alternative is the fact that chemical analysisitgsshown that between 7% and 10% of the
chromium on a trivalent passivated part oxidizebdravalent chromium (Winn D. and Dalton W.,
2008). In addition, for trivalent chromate passimatsystems to provide more than just minimal
corrosion protection in ASTM B117 (The American by of Testing and Materials test B117 on
salt spray test specifications) accelerated cayrogesting, cobalt is required. Trivalent chromate
systems use cobalt to improve performance, butlc@know to cause sensitization by inhalation
and skin contact (it is classified R42/43 accordingAnnex | of Council Directive 67/548/EEC)
(Winn D. and Dalton W., 2008) and some cobalt saksclassified Carc.2 and Repr.2.

3.1.2.7 Alternative based on silicates

An effective way of using silicates has been degwetbto replace hexavalent and trivalent chromate
passivates. Through this patented process, a likassaineral layer is formed on the surface,
replacing the surface oxide. This ceramic layeersffsome excellent performance characteristics
and advantages over chromate passivation. The gesystem is a commercially available system
that offers advantages over trivalent chromium ipags at a cost-competitive price and it has
provided solutions in the trucking and automot@ustries (Winn D. and Dalton W., 2008).
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3.1.2.8 Conclusion on alternative substances for chromateoniversion coating

Alternative substances to potassium dichromatdsefis conversion coating but most of them are
considered more expensive and are protected bytgat€hey present anti-corrosive properties
which do not seem sufficient however, for applioatin less corrosive environments these types of
alternatives substances certainly have a placeethdthe implementation of these alternatives on
the field showed positive results. Please refeseiction 3.2 dedicated to alternatives developed in
US military sectors.

3.1.3 Sealing after anodising of aluminium

Few alternatives to sealing after anodising of ahimm are yet available for aircraft applications
because they require deep specifications fulfilme8bme of them are not acceptable because they
use other chromium (VI) compounds or nickel saltécl are of equivalent of concern according to
their CMR classification.

Cr(VI)-free substitution by chromium (lll) compousndpost treatment and other identified
confidential processes seem to be already apptigte civil aeronautic sector. According to the
Industry (French consultation, 2010), sealing sapgion on painted parts (paint replacing chromate
sealing) may reduce 97% of potassium dichromatewaoption but does not offer the same level of
protection (corrosion resistance can be reduced(®). This alternative is already effective in
Airbus Industry and Dassault Aviation and appligdtheir subcontractors manufacturing aircraft
cabins. Its application is however not relevant ddtical parts which are strongly solicited and
which necessitate a perfect resistance to corr@gnnstance parts of helicopter rotors).

Other processes have been identified for othepse(AFSSET, 2008):
- natural sealing by contact with air,

- mechanical sealing by spraying aluminium or glagsrerballs which are scratched on the
metal surface, giving the expected waterproofing) l@sistance to corrosion,

- painting by reactive paints containing phosphog avhich reacts with the surface and
facilitates the adhesion of the next layer of paint

3.1.4 Manufacture of textile

According to the Italian Textile and Health Assdica (Associazione Tessile e Salute, 2009)

researches for an alternative to dyeing with chralyes as well as to replace this dye class with
another one that does not require the use of tem@al agent have been conducted. Two types of
alternatives to dyeing with chrome dyes exist osmg complex agents and the other one using
reactive dyes.

3.1.4.1 Alternative based on complex agents

The replacement of the alkaline salts of hexavatdgmbmium with other complex agents like
aluminium, iron, titanium or trivalent chromium &akombined with oxidizers has been in-depth
searched without highlighting any practical applmas. All the tests made highlight colour tones
changing to red/bordeaux as well as the formatiaamamplex with instable textile material, which
was confirmed also by decreased fastness in thietgxoduct. According to textile industry, such
reduced wet fastness, which also brings as a résulhe total loss of the excellent fastness
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properties of chromium dyes, also reduces the ysddetl of the end user and at the same time
creates ecological problems in terms of increasdidtpn of waste waters.

3.1.4.2 Alternative based on reactive dyes

Replacing the chrome dyes with reactive dyes isiptssin few cases, mainly for light and medium
shades with not specific requisites for high wedtriass. However, for some cases this is not
practicable and technical difficulties have beersesbed as for example: shade, metamerism,
crease-resistant treatment, decreased fastness, fiaimg percentage, higher consumption of water
and chemicals, higher costs.

According to a personal communication alternatiyesd such as reactive and metal complex dyes
have increasingly replaced chrome dyes for wooé 3jpeed of replacement is relatively slow and it

is estimated that, although the market for woolsdyél increase by 20-25% by 2008, chrome dye

use is forecast to remain static or decrease.

3.1.5 Laboratory analysis and routine checks

Some of these uses can not be substituted yetgfiri@msultation, 2010). A standardized method
using potassium permanganate is identified as sutestor the use as analytical reagent (titrating
agent) for the determination the chemical oxygemated “COD” in waste waters treatment
(French standard NF T 90-101) (INRS, 2007).

According to the French Steel Federation, alteveatiexist for Fe-contents analysis (based on X-
Ray Difractometry or X-Ray Fluorescence) and areaaly used but do not / cannot completely
replace the wet-chemistry method which is stilluiegd for the calibration of the instrumental
alternative techniques; the wet-chemistry meth@dsh a higher level of precision and accuracy
(typically 0.1% against 0.3-0.4%), so is the refieeemethod used to settle commercial “disputes”
(this precision has a high financial impact whepligga on a whole ship load). These methods are
not yet considered in most reference standards setpby the practice or legislation and are also
reported to be higher work-intensive.

3.2 Chromate alternatives researches for United Statewilitary uses

United States Department of Defense has been demgland testing chromate alternatives for a
number of years (ASETSDefense, 2010). On April @)2the Under Secretary of Defense for
Acquisition Technology and Logistics issued a mewstricting the use of chromates in military
systems. As a result of this memo the effort toettgy, test and approve alternatives has been
accelerated.

A number of alternatives are now available, or hémeen authorized, or implemented. More
detailed information on the performance and impletagon of alternatives is available on the
searchable ASETSDefense database at

http://db.asetsdefense.org/Custom/customsearch.aspx

Searching the database for the document categgpessfication, authorization and implementation
will produce various examples of these changes.c8emy for other documents will provide reports
showing the performance of various alternativeshtmmated products.

However, the pace of substitution is necessariljegglow because these substances are critical to
the safe operation of military equipment, particylaircraft. The costs of corrosion in general are
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very high, and corrosion can lead to catastrophicries 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 whiehd to last a long time). Perhaps the most
important point for any decision maker to be awafes that there is not any single drop-in

substitute for all uses of hexavalent chrome. Furthsubstitute may work for one use but not for
another. Substitution can affect other maintenapcactices - so it can take some time to
implement.

Detailed information on substitutes is gathered asithred atwww.assetsdefense.or@r
www.asetsdefense.argrhis website provides information and assistateamprove weapons
system performance and life-cycle cost while redlgicdr eliminating environmental safety and
occupational health (ESOH) impacts from coatings @meatment processes that utilize hexavalent
chromium.

3.3 Alternative techniques

No data available.

4 RISK-RELATED INFORMATION

In relation to human health related with chromiul) (compounds, the Risk Assessment Report
conducted in 2005 concluded that further measure® weeded to limit the risks for workers,
consumers and humans via the environment, andrigiareduction measures which are already
being applied shall be taken into account.

In view of the genotoxic and carcinogenic properixé chromium (VI) the report concludes that
there are concerns for all exposure scenariosddiitian, there are concerns for acute toxicity as a
result of short-term peak exposures, for skin ayel igritation, respiratory tract sensory irritatjon
skin sensitisation, occupational asthma and remtbc toxicity (fertility and developmental)
Therefore, these concerns are relevant for allmhtes as well.

Applying the existing workplace health and safedgislation can lead to adequate control of the
inhalation risks of exposure to chromium (VI) corapds, assuming that the adequate control is
defined as reducing the exposure to below 0.01 rhgfven if it seems possible to reduce
inhalation exposure below 0.01 mginthis exposure average can however not be tedhnica
consistently maintained. Furthermore, some expgsydermal route in particular) remain
insufficiently monitored. At last, other concermsmain for health risks at this level of exposure.
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OTHER INFORMATION

Consultation of the industry

A closed consultation focused on potassium dichterhas been conducted at both the French and
the European levels from the™.®ecember 2009 to the 19anuary 2010, which has completed a
previous French consultation on all chromium (Mijnpounds.

Comments and technical contributions have beenvextdérom the following industrial sectors:

- chemical companies federation (UIC),

- reagents and chemicals manufacturing (Carlo ErlzetRe, Daiichi-sankyo),

- pharmaceutical industry (Valdepharm),

- metal production (French ores, industrial minerafgel non ferrous metals Federation;
French steel Federation),

- mechanical industry (Technical centre for mechdnnzustry),

- civil and military aircraft manufacturing (Frencleraspace industries association, Airbus
industry, Eurocopter-EADS),

- metal finishing (French metal finishing trade union

- nuclear power industry,

- wood production for construction (OBBIA, CEI-Bois),

- building materials manufacturing (Delachaux),

- textile manufacturing and finishing (ltalian Tertédnd Health Association),

- etc.

Grouping approach of chromium (VI) compounds

Regarding the potential inclusion of several chtomi(VI) compounds in the Annex XIV of
REACH (“authorization list”) and according ECHA'proach on substances prioritisatioa
grouping approach seems justified in order to preganple replacement of a substance that will be
subjected to authorisation by another form of thiestance which will not.

Indeed some shared uses have been identified amcmgsnium (VI) compounds (especially in
the metal finishing sector) and it appears possiitain the same process to easily replace one
compound by another of the same family (sodium rdictate and potassium dichromate for
instance). Moreover it appears possible to chemyigabduce on-site a compound which may be
subjected to authorisation from another one oktmae family.

2 General Approach for Prioritisation of Substancegery High Concern (SVHCs) for Inclusion in thestiof
Substances Subject to Autorisation. Document d@eeldn the context of ECHA's first Recommendationthe
inclusion of substances in Annex XIV. 1 June 2009
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1 Annex I: 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 dlzasiin of potassium dichromate. Its content is
however a useful background in support to parf thts report.

Most of the following information are taken frometiRisk Assessment Report on chromium
compounds (chromium trioxide, sodium dichromateliwm chromate, ammonium dichromate and
potassium dichromate), published by the ECB in 2(%., 2005). Please refer to the original
document for more detailed information.

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 (VI), 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.

1.1 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 hglwvewn 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 (ll1). Only limitecednal 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 inhalationcstpe 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 incluéesfer of absorbed Cr (VI) across the placenta.
Excretion occurs in urine and faeces. Repeatedsexpdeads to accumulation of chromium in
several tissues, particularly the spleen becausptake of senescent erythrocytes.
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1.2 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
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).

1.3 [rritation

Single application of a low concentration of higkster-soluble Cr (VI) in solution to undamaged
human skin resulted in only a mild irritant resp@rasound 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.eRipl-exposure skin responses are considered
under corrosivity (see section 1.4 on corrosivity).

Significant damage to the eye can occur upon actatilexposure 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 cocfwae and in more severe cases, corneal
erosion and ulceration. The severity of responsengseased by low pH or high temperature.
Accidental eye contact with the corrosive aquedusmium (VI) trioxide results in conjunctival
congestion and necrosis and corneal oedema andtyopaas not possible to determine a clear
concentration-response relationship from the detdable.

In a very poorly-reported volunteer study, 10 satgevere apparently exposed to chromium (V1)
trioxide at concentrations of 10-24 md/-12 mg Cr (VI)/m) for “brief periods of time”. It was
claimed that this exposure caused nasal irrita#atording 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 sensotiaiion 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.

1.4 Corrosivity

Highly water-soluble Cr (VI) compounds can causeyveevere skin effects under certain
conditions. In workers repeatedly exposed to highgter-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 reggeaxposure 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.

38



ANNEX XV — IDENTIFICATION OF SVHC

1.5 Sensitisation

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. tidigaon, 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 forssfeeactivity between Cr (Ill) and Cr (VI1); 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 whichyglahe role of an hapten; when fixed on a
protein, it becomes a complete antigen. Chromatesigéy has proved fairly persistent once
developed. Contact with textiles colored with chadeabased pigments can be sufficient to
exacerbate the dermatitis. The wearing of leatleres 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 egas 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 vegittacted 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.

1.6 Repeated dose toxicity

Please refer to sections 1.4 and 1.5.
1.7 Mutagenicity

1.7.1 Invitro data

There is a very large body of evidence indicatihgt tthe Cr (VI) ion in solution is directly
mutagenic inn vitro systems. Extensiv@ 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 diploid 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 consideralldy 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 irtte tell.
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1.7.2 Invivo 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.

1.7.3 Human data

A few studies have been conducted in which ciraugatymphocytes 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 an@oavia have been negative.

Evidence of genotoxicity has been reported in sewaher 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 @ignificance of the findings.

1.7.4 Summary and discussion of mutagenicity

Few studies of genotoxic potential in humans asm@lable. No evidence of genotoxic activity has
been found in adequately-conducted studies in laticlg lymphocytes from chromium exposed
workers. In contrast, there is a vast array of g@aoity datain vitro and less extensive testing in
animals available. The evidence clearly indicaked highly water-soluble Cr (V1) compounds can
produce significant mutagenic activiy 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-solubléQrhas the potential to be an vivo germ cell
mutagen. For information and according to the Aon@eriConference of Governmental Industrial
Hygienists (ACGIH) (Bastarache E., 2010), wateubtd hexavalent chromium compounds
include: chromic acid, chromic acid anhydrides, owmomates 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.
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1.8 Carcinogenicity

1.8.1 Carcinogenicity: oral

No data available.

1.8.2 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 intratradghstllation in saline. Also, there was a single
incidence of a squamous cell carcinoma of the phafter 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 intrabronchigllantation 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 conirothese studies.

1.8.3 Carcinogenicity: dermal

No data available.

1.8.4 Carcinogenicity: human data

A number of epidemiology studies investigated canks among workers exposed to various
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.

1.8.5 Summary and discussion of carcinogenicity

Epidemiology data from chromate production, chramipigment manufacture and other
chromium-exposed groups showing clear increas&mi 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.

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
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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 somdenge of respiratory tract carcinogenic activity fo
sodium dichromate and chromium (VI) trioxide. Sianilstudies in rats using other Cr (VI)
compounds, able to produce Cr (V1) 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,sgatemic 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 coesed 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

1.9 Toxicity for reproduction

1.9.1 Effects on fertility

The effects of potassium dichromate on male andalerfertility 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 12aeks 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 femalesirsidtered 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 sizesd\l it is unclear how dose levels were selected.

At higher concentrations, the treated animals coresliless water per day compared to the control
group (no more details provided). It is unclear thiee 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 odeight of 10% and 12% was seen in satellite
group males at 2,000 and 5,000 mg/L (the only twsedlevels at which body weight was
recorded), respectively. Body weight of satelliteup females administered 5,000 mg/L potassium
dichromate (the only dose at which body weight wesorded) was unaffected. Relative testes
weights were statistically significantly increassd?2,000 (by 17.5%) and 5,000 mg/L (by 21.5%).
Relative seminal vesicles and preputial gland wisighere statistically significantly reduced at
5,000 mg/L only (by 27% and 34%, respectively). tAtistically significant increase in relative
ovarian weight (by 50%) was reported at 5,000 mfl/is noted that in the absence of information
on the absolute organ weights, the increase sesglative testis weight could be accounted for by
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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 percentageegfant 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, dukaoeduced water consumption. There were no
resorptions and dead fetuses in the control growpim the females impregnated by males treated
with 2,000 or 4,000 mg/L potassium dichromate. Hosve3 resorptions were noted in the females
impregnated by males treated with the lowest dbg#0 mg/L). Given the absence of a clear dose-
response relationship and that it is not cleanghpreed whether these findings occurred in one singl
litter or in different litters, the 3 resorptionsen at 1,000 mg/L are regarded as being incideftal.
total number of 6 resorptions and of 6 dead fetuges 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 gsitian dichromate (7.44 versus 9.00 and 5.88
versus 8.76, respectively). There was also a 8tatlly 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 thatl@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 @rgV1)/kg/day) and 400 mg/kg/day (140 mg
Cr (VD/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 increaserdtative 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 am 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 (VD/kg/day)). In addition, an increased numloérresorptions and dead fetuses were seen in
untreated females impregnated by males given tjigebt dose of 5,000 mg/L (833 mg/kg/day (290
mg Cr (VI)/kg/day).

1.9.2 Developmental toxicity

In a developmental toxicity study (Trivedi Bt al., 1989), groups of 10, 13, 12 and 10 pregnant
female ITRC-bred albino mice were administeredyd@ijl 250, 500 and 1,000 ppm of potassium
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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 tivedose 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 acnesdgetd 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 aflkg 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. Fetaliatassification was also significantly reduced at
250 ppm. No significant abnormalities were seenngusoft tissue examinations in any of the
treated groups. Total chromium levels were sigaiftty increased above levels in the control group
for the maternal blood at 500 and 1,000 ppm, ferglacenta at 250 and 500 ppm and for the fetal
tissues at 500 ppm.

The complete absence of implantations seen at 1pPp@od 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®as, these findings may represent a direct effect
of potassium dichromate on development. At 250 paaverse 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 effects1atedose 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 5.4Tmgée/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
(Vl)/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%
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respectively). The number of fetuses per litter \stistically significantly decreased by 20 and
18%, fetal weight was decreased (by 13 and 20%eosspely 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 wristd aubdermal haemorrhagic patches were
increased at these dose levels. Overall, chromidincgused 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 rarydegtécted 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.pisD, 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 gigamt abnormalities were seen during soft tissue
examinations in any of the treated groups. Totabmhum 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

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 @0 Cr(VI)/kg/day)). Significant maternal
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toxicity (mortality) was observed at 750 ppm. Boggight gain was also dramatically reduced at
this dose level. However, it is noted that thisuatbn 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 weighis finally noted that significant levels of total
chromium were found in all treated animals at $@exji.e. at around 21 days after the end of the
treatment. NOAEL values of 119 mg/kg/day (40 mg(\@l)/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 @aubones, occurred even in the absence of maternal
toxicity.

1.9.3 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 cdngy@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.

1.9.4 Summary and discussion of reproductive toxicity

Human data relating to effects on reproduction lemied to poorly reported studies of female
workers from which no conclusions can be drawn.r&lee three animal studies available which
focus on fertility. Adverse effects were producedniice receiving potassium dichromate for 12
weeks in drinking water at 333 mg/kg/day (120 mg\di/kg/day) and 400 mg/kg/day (140 mg Cr
(V1)/kg/day) and above in males and females respagt 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 reégo 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
determined. Qualitatively similar results were afma 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 deghas relevant to humans.
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It is noted that some of the adverse effects omodemtion observed in animal studies may be

related to the germ cell mutagenicity of these wchumn (VI) compounds (see Mutagenicity
section).

No reproductive toxicity studies are available gdime inhalation or dermal routes of exposure.

1.10 Other effects

Not relevant for this dossier.

1.11  Derivation of DNEL(S) or other quantitative or qualitative measure for dose response

Not relevant for this dossier.
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2 Annex IlI: Overall description of chromium manufacturing and chromium uses

Following information has been compiled and sumpeatifrom HSDB (2005) (general entry for
chromium ions and inorganic and organic chromiumtmgounds), the European Risk Assessment
Report (E.C., 2005) and from the following indusitivebsites:

http://www.elementischromium.com/products/manufantuhtm

http://www.icdachromium.com/home.php#

2.1 Manufacture

Chromium is mined outside of the EU as chromite @¢reCrO, . MgFei(FenCrAl)204) which
contains trivalent chromic oxide and this is oxétdigo sodium chromate during kiln roasting in the
chromate-producing industry (SCOEL, 2004). Chroroite and soda ash (sodium carbonate) and
sometimes ground lime, limestone or dolomite aeeghincipal raw materials in the manufacture of
chromium chemicals. These compounds are subjectachigh temperature calcination process to
produce sodium chromate. The vast majority of sodahromate produced is then reacted with
sulphuric acid to produce sodium dichromate liquath sodium sulphate as a co-product. The
sodium dichromate is used as the derivative to fagtwre the whole range of chromium based
chemicals. Process of manufacturing is illustrate&igure Al. Hexavalent compounds, with the
exception of some small amounts in minerals, doaoour naturally in the environment but are
formed from trivalent chromium during chromate-puotion processes.

Only one EU producer has been listed since 200Kirand only manufactured sodium dichromate.
This plant has closed down in 2009. Main manufaetiare now located in South Africa and main
EU importers are located in UK. Companies wishinguse chromate compounds must use
imported sources.

2.2 Main applications and uses of chromium and chromiumcompounds referenced in
literature

Three main sectors of activity using chromium coomts can be distinguished.

2.2.1 Alloy and chromium metal production

Of the world's total production of chromite, apgroately 95% is smelted into ferrochromium

alloys. These are for subsequent use in the ssasindteel, steel and other alloy industries.
Chromium metal, composed of nearly 100% chromiusnprioduced by the aluminothermic or

electrolytic process. It is mainly used for spdgialloys. In the aluminothermic process, chromium
(1) oxide is mixed with aluminium powder, alloygradditions, oxidising and conditioning reagents
in a refractory vessel. The reaction is exotheramd self-sustaining. Dichromate compounds
(especially potassium dichromate) is used as aiing agent in this process

Main uses referenced by HSDB are fabrication abyall preparation of alloy steels to enhance
corrosion and heat resistance and production offewous alloys to impart special qualities to the
alloys.
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2.2.2 Refractory applications

Production of chromite for refractory use and foynsands is about 3% of world production of
chromite. Refractory chromite is used in sector$éeofous and non-ferrous metallurgy, in cement
kilns and in the glass industry. Pure chromium exid used alone or together with alumina,
zirconia and silica for high temperature and attashistant refractories.

2.2.3 Chromium chemicals manufacturing and related uses

2% of the world's production of chromite was used2008 for manufacturing a variety of
chromium chemicals (including chromium (VI) compdsh from conversion of sodium chromate
(sodium dichromate, ammonium and potassium dichtentairomic acid, chromic oxide and basic
chromium sulphate, etc.).

The earliest use of chromium chemicals was duringefore the 19 century for colour and
pigment applications, due to their very bright eotin clear yellow, orange, green, turquoise and
blue. Main uses referenced by HSDB are manufagufrcoloured pigments used in dyes, paints
and plastics, ceramics, cements, papers, rubbemgpasition floor covering, surface finishes and
other materials.

The second largest use of chromium chemicals ihénmetal finishing industry. Chromium is
actually known for its luster when polished andgtstection when coated on metal surfaces. It is
used as a protective, decorative and increased mgs@tance by coating in the sector of metal
finishing on vehicles parts, plumbing fixtures,rfiture parts and many other items, usually applied
by electroplating.

Chromium is also regarded with great interest beea its high corrosion resistance and hardness.
A major development was actually the discovery thi@el could be made highly resistant to
corrosion and discoloration by adding chromium aiakel to form stainless steel and special high
chromium content super-alloys used in gas turbingines. Besides decorative plating, hard
chromium plating is applied extensively to corrosand wear resistant engineering surfaces and to
pickling of plastics. Chromium plating is usuallyade from chromic acid. Stainless steel
manufacturing and chrome (electro)plating are aulyethe highest-volume uses of chromium.
Primer paints containing hexavalent chromium i stidely used for aerospace and automobile
fishing applications regarding the resistance toasion.

Other smaller uses are the following:
- mordant in textile industry in dyeing silk treatjrmgyinting, and moth proofing wool,
- tanning in leather industry,
- fixing baths in photographic,
- catalytic manufacture (catalysts for halogenatialkylation, and catalytic cracking of
hydrocarbons, etc.)
- fuel additives and propellant additives in ceramics
- fabrication of magnetic tapes,
- use in cooling fluids,
- use in wood preservatives,
- use in medicine as astringents and antiseptics,
- efc.

This multiplicity of uses explains that chromiunc@mmonly found in a wide range of articles such
as aircrafts, motorcars, barrels, buses, canstrielcappliances, flatware, hardware, lumber,
pharmaceuticals, pigments and dyes, railroad eqempnships, etc.
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Specific application in wood preservation

Potassium dichromate, sodium dichromate and chmmtdoxide have been used in the
formulation of water-borne wood preservatives foowat a century (ICDA, 1998). They function as
essential chemical fixatives for the copper anceothngicidal and insecticidal components in the
widely used chromated-copper preservatives, of ke best known example is CCA (copper-
chrome-arsenic mixture). Studies have shown thainsltum in these preservatives has little or no
direct action against decay fungi. However, stahilon of the other preservative components
achieved through valency state reduction of chromimakes them resistant to leaching and
provides the treated wood with long-term durabifityainst fungal and insect attack, even in high
risk environments. It should be noted that chromeompounds have virtually no fungicidal (or
insecticidal) activity in wood. Despite the longdasuccessful history of use of chromate containing
wood preservatives, a number of regulatory autiesritave and are considering restrictions or bans
on their use for certain products; interestingl;ACpreservatives are still permitted for timber for
export and for local heavy duty applications.

Now, the use of potassium dichromate and sodiunmrdimate in the formulation of wood
preservatives is not allowed in Europe followingr&ean Commission decision of th& bf
December 2007 on the basis of thé"2ieeting of representatives of Member States Caenpet
Authorities for the implementation of Directive 88£C concerning the placing of biocidal products
on the market (“Way forward on chromium”). The hamzed approach taken is the following: in
order to ensure that chromic acid in wood preser@sthas none or a negligible biocidal activity,
chromium-containing wood preservatives meetingfttiewing requirements on their composition
and use shall be allowed to remain on the marketotiier form than chromic acid (chromium
trioxide) should be allowed in the product. Othdirarnium compounds, such as potassium
dichromate or sodium dichromate should not be athwas no data have been provided to
demonstrate that these compounds have no, or onggkgible, biocidal activity. This approach
has however not been endorsed by several coufitheslE, LT and HU).
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Figure Al: Example of chromium compounds manufactuprocess (from ICDA website)
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3 Annex lll: General overview of metal treatment, mehl coating and metal finishing
processes using chromium (VI) compounds

The main process which involves chromium is elgtiting (chrome plating), but other uses are in
conversion coatings (passivating and anodising)imarlightening (E.C., 2005). The electroplating
sector constitutes approximately 43% of the totainber of companies with 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% otdled metal finishing activity. Main purposes
of metal treatments are appearance improving (1B8sjstance to corrosion (46%), wear resistance
(24%) and others (electrical conductivity, etc.).

The distribution of chromium (VI) compounds used imgtal finishing workshops to prepare
treatment baths (all merged processes) was in 266drding to the French Metal Finishing Trade
Union:

« chromium trioxide 64% (meaning that 64% of all nhetaatment baths are prepared from

chromium trioxide),

« potassium dichromate 17%,

+ sodium dichromate 17%,

« ammonium dichromate 2%,

« potassium chromate 2%.

3.1 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 uguatinfidential. 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 iatproduct and then packaging. Chromium
trioxide is the most common chromium (VI) compouwsed.

3.2 Conversion coating (usually called chromate convei@en 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 coating a type of conversion coating applied to pagei@uminium, zinc,
cadmium, copper, silver, magnesium, tin and thiaya to slow corrosion and to make metal-
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plated parts more durable. The strong oxidativep@rties of chromates are used to deposit a
protective oxide layer of complex chromium compaaimeh 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 tgrae 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 steefrfro
brown corrosion. It is also commonly used on aluormalloy parts in the aircraft industry where it
is often called chemical film, or the well knowrnabhd name Alodine. It has additional value as a
primer for subsequent organic coatings, as untieatetal, especially aluminium, is difficult to
paint or glue. Chromated parts retain their eleatrconductivity to varying degrees, depending on
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 {8la0;2H,0) and 6 ml/L concentrated sulfuric
acid.

Anodising of aluminiums an electrolytic passivation process used teesse the thickness of the
natural oxide layer on the surface of metal pa&tsdizing increases corrosion resistance and wear
resistance, and provides better adhesion for gaimers and glues than bare metal. The most
widely used anodizing specification, MIL-A-8625,fies three types of aluminium anodization:
Type | is chromic acid anodization, Type Il is swif acid anodization and Type Il is sulfuric acid
hardcoat anodization. The oldest anodizing procsss chromic acid which does not lead to the
deposition of chromium but uses chromic acid astedbyte in the solution. It is widely known as
the Bengough-Stuart process. In the UK it is nolyredecified as Def Stan 03/24 and used in areas
that are prone to come into contact with propefiaetc. There are also Boeing and Airbus
standards. Chromic acid produces thinner, ihbto 18 um more opaque films that are softer,
ductile, and to a degree self-healing. They aredrato dye and may be applied as a pretreatment
before painting. A sealing is usual needed aftedeaing and uses different processes, particularly
potassium dichromate salt (please ist&).

3.3 Sealing after anodising

Acidic anodizing solutions produce pores in thechned 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, atblacetate, and hotodium or potassium
dichromate seals are commonly used. Dichromate compoundsftae used for this purpose in the
aeronautic sectors which use aluminium alloys 2&242019.
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3.4 Chrome (electro)plating or chrome dipping or chroming

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 nudtcarrosion, to facilitate cleaning procedures, to
increase surface hardness and resistance to wdaean(hard chrome plating) or for decoration
and aesthetic reasons, in order to achieve a sh#nirface (decorative chrome plating). The surface
thickness for the former is typically 10 to 1000 \for the latter, between 0.25 and 1.0 pm.

3.4.1 Chrome plating methods

There are two types of industrial chrome platinlyisons:

1. Hexavalent chromium baths which main ingrediemmhiomic anhydre. When mixed with
acid, chromate ions, Cid, first form dichromate ions, @B,%, then chromic acid, ¥CrOs.
Solutions containing chromic acid are powerfullydizing and highly corrosive.

2. Trivalent chromium baths whose main ingredientiomium 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 @epimsthe plating solutions.

Manual plating is a series of tanks that contaeappropriate plating and cleaning solutions. Parts
are placed on racks or hangers and manually traedférom tank to tank. This type of plating
process is labour intensive and, as platers spdadyar 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 labdeinsive processes.

In semi-automatic plating, parts are manually lakde to jigs and then the operator moves the jigs
between the baths using an overhead hoist in &edined 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 tHeessérom the plating solutions for large
amounts of time.

The main difference between automatic and semiraaittic 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.
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3.4.2 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 (1) decorative platingré@tent 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' isrgrdty harder than other chrome plating, it is
called hard chromium because it is thick enough @ahaardness 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 can't realiméeesured directly.

Decorative chromeplating is sometimes called nickel-chrome platbegause it always involves
electroplating nickel onto the object before plgtithe chrome (it sometimes also involves
electroplating copper onto the object before thekedi too). The nickel plating provides the
smoothness, much of the corrosion resistance, asd 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@tich as a chrome plated wheel or truck
bumper). The chrome adds a bluish cast (compardtieicsomewhat yellowish cast of nickel),
protects the nickel against tarnish, minimizeststiag, and symbiotically contributes to corrosion
resistance. Without such nickel undercoating niecéf’e 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 rezetefore the chrome layer called "duplex nickel
plating”: semi-bright nickel followed by bright hel. The reason for this involves galvanic
corrosion issues. The bright nickel is anodic ® 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.eTiwo main steels used for packaging products
are tinplate and electrolytic chromium coated s{@aCCS). Their technical specifications are
described in EN10202. They are both certified foodf contact materials. After tinning, tinplate is
subject to a passivation treatment in which chreamand 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 mgfh ECCS is always used lacquered. On the surfatieeo$trip a coating
mass between 50 and 140 m@/tiotal chromium) is applied. Chromium (VI) is uséd both
processes, but is reduced to chromium metal anohdbm (ll) on the final product. Consumer
exposure to chromium (V1) is therefore likely totregligible from this source.
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3.4.3 Brightening

This process may be part of the surface prepar&igdore a major process such as electroplating.
Chromates are used only for copper, zinc and #ikys. Brightening basically involves dipping
the substrate into a solution of chromium saltsetnove scale, oxide films and tarnish. Chromate
baths are not normally made up specifically fos thurpose, but where a bath is already made up
for plating or other use it may also be used fa plurpose (E.C., 2005).
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4 Annex 1V: Uses of chromium (VI) salts in the textie sector (process)

This information is drawn from the Italian Textded Health Association (Associazione Tessile e
Salute, 2009). The entire document focuses on s$leeofi sodium dichromate in dyeing of textile
fibres (processes, control of human exposure - grsrkluring the process and consumer through
the articles-, control of environment exposure, tvyasianagement, etc.). This information is
expected to be also valid for other Cr (VI) compasinsed for the same purpose and process.

4.1 Dyeing of protein fibres

The use of sodium dichromate is based on a oxia@duction reaction which transforms the
hexavalent chromium chemical into the correspondiivglent chromium, with following creation
of a stable complex between this and the dyeingoub® uniformly diffused and chemically bound
inside the fibres.

Furthermore, hexavalent Cr (Cr (VI)) added in tlyeidg bath totally binds to the fibre as it does
not exceed the material thanks to the stoichiomelyeing method adopted.

The percentages to use according to the materighiveary between 0.1 and 3% of solution
dichromate. The process is divided into three pdiase
- First phase: ordinary dyeing with acid dyes
- Second phase: the called “chromating” process, wh$es sodium dichromate, working at a
temperature of 94-96°C for a variable time betwg@mand 40 minutes
- Third phase: reduction (with thiosulphate and/oskwag).

The dyeing and chromating processes are carriednotibsed containers whereas the exhausted
dyeing baths are drained through pipes which entheg transport to the company’s and /or
cooperative depuration system.

When applied to tops, the dyed material often ugakes further washing with ammonia and soap at
a temperature between 30 and 40°C in continuoushimes;, called “backwashing machines”,
which guarantee the fibre sliver to be deeper @daturing the transport to the company’s or
cooperative depuration plant.

The chemical agent is used as a solution and ttuagy limits the risks for the operators; in fact
the main risk is represented by inhalation and déne agent vapour tension in the form of metal
ion practically void, its presence as aerosol enwlorking place is quite improbable.

Moreover, a deliberate exposure by skin contaahgestion is absolutely to exclude because eating
and/or drinking is strictly forbidden in the workjmplace, also with regard to how the chemical
agent is used in a closed system.

The closed circuit dosing system is equipped wistaaage tank, into which the external supplier
let the liquid chemical agent flow; this tank mum positioned in such a way so as to ensure
conveyance of any accidental release to the depnrptant and to prevent its drying. The dosing
system must also be equipped with highly preciskimetric weighing system and automatic
distribution to the dying devices by means of argmetwork.
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In the rare event that the quantity of sodium dichaite to be used is so small that the automatic
dosing system cannot be employed (dyeing of miningqumntities or lab tests), all the operations
shall be carried out with the aid of personal prtte devices like nitril gloves, glasses, mask.

Furthermore, it can be affirmed that at the enthefdyeing cycle, when the textile is still insithe
dyeing apparatus and prior to sampling (when thieurocompliance is checked), the whole
guantity of hexavalent chromium has been alreadyaed to trivalent chromium as a security for
the operators.

4.2 Chemical reaction with fibre and dyestuff

Cr (Il1) salt is not used as mordant since thetineat should take place in acid environment and at
such conditions that wool with protonatized sitesulgl not only bind with Ci%ions but on the
contrary would tendentially repel them. This is thason why Cf as CsO;anion is used.

Reacting with dichromate in acid environment,@f anion is first fixed by ionic bond to the
protonatized amino groups of the wool and then ceduby reaction with wool reducing groups,
among which the -S-S- cystine group:

Cr,O; +6and+ 14 H < 2 CP" + 7 H,O

Now Cr*ion is already distributed inside the fibre and barmd with - COOH groups of the wool
and form complexes with the dye, furthermore witless acid pH it can also bind with the amino
compounds of the fibre by means of coordinativkifig.

In practice, there take place the simultaneo i@duction and Gf combination with the dye in
the fibre.

In this way the Cr (lll) ion works as linking spesibetween fibre and dye, and this explains the
high colour fastness levels obtained with thesesdye

4.3 Subsequent processes

The need to assess also the processes downstreamydimg cycle is due to the assumption that
should a residual part of hexavalent chromium lesemt inside the dyed material, this could cause
exposure to inhalation by the operators in the dwkeam production areas because of the
formation of fibrous particulate caused by mechalnaperations, like for example the blending of

top slivers.

Actually, the stochiometric use of the chemical rageccording to the type and quantity of the

material to be processed and to the dye intengifylies the almost total absence of residual
hexavalent chromium inside the dyed textile.

58



