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Comments recived during public consultation on gaibm arsenide (11 March until 27 April 2011) and RACresponse to
comments

Substance name: Gallium Arsenide

CAS number: 1303-00-0

EC number: 215-114-8

Date Country/ Person/ Comment RAC response
Organisation/
MSCA
08/04/2011 | Italy / Individual Possible substitution Unclear message
Ga2Se3-As (Crystal Glass)
VPE
3 AsCI3 (g) + Ga2Se3 (sp Ga2Se3-As + 3/2 CI2 + 2 AsCI3
Redox:
3Xx(1As3++1e—1As2+)
1x@3Cll-—3Cl0+3e-)
13/04/2011 | France / Thomas ECHA comment: same comment was included in thetettadocument (EPIC_Comments on GaAs_ECHA.pdf) | Thank you for your

Pearsall / European
Photonics Industry
Consortium / Industry
or trade association

To: ECHA
From : Tom Pearsall

Subject: Risk Assessment Committee concerningubalArsenide:
Opinion proposing harmonised classification anelialg at Community level of gallium arsenide ECHRC/CLH-
0000000792-73-03/F

To the ECHA and its Risk Assessment Committee

On behalf of EPIC and its Board of Governors, hariting to request a reopening of the recommendatimcedure
for classification of gallium arsenide.

Although we were not made aware of the originahawi which was adopted on 25 May 2010, we feehgfiypthat
the procedure used by the Risk Assessment Comn(iR&€) of ECHA to determine the CLP classification
gallium arsenide is not appropriate to determinetivar or not gallium arsenide represents a bioébgisk.

In particular, the “read-across” approach thatgssto gallium arsenide the toxicity of related pomnds like
arsenic or arsenic oxides is not relevant. Udirggsame procedure, table salt would have the saxiwity as
chlorine, one of its constituent chemicals.

The testing protocol used on rats appears to beflaas well. Aspiration of finely ground powdessknown to lead
to lung disease and cancers, regardless of thelymdematerials. Prolonged breathing of glase/gers and fibres
leads to silicosis, yet there is no action to éfaggass as a toxic agent.

comments.

Regarding comments on
read-across, please see
point 1) of the Annex to
RCOM (Additional
response to comments).
The comparison with
table salt is not relevant.

The test protocol in the
NTP study in rats (NTP,
2000) followed OECD
test guideline 451, with
minor deviations.
Regarding fine particulate
matter-considerations,
please see point 3) of the
Annex to RCOM
(Additional response to
comments).

Your comments on use o
gallium arsenide are




=

)

U

Date Country/ Person/ Comment RAC response
Organisation/
MSCA

noted. However use of a

We support the REACH initiative of the European @assion and its classification of biologically hadeus substance is not relevant

materials, provided of course that each classitinate determined by a rigorous and scientificallpported testing | for the classification

procedure. The two examples cited above demdestrat it is critical that these tests measurdrthate toxicity of | which is a result of

the material being cited, not its form or its apgrdirelationship to some other material that matolies. assessment of intrinsic
properties of the

Gallium arsenide is present in our daily environtrasna solid and inert material. It is used to enminsistors and | substance. Assessment ¢

lasers. The transistors are required for everyilmddlephone. There is a gallium arsenide las@&viery CD player, | the hazard properties of

and also in every industrial solid-state laseredghare used to cut and weld steel on automolsitardady lines and in| GaAs as a substance ang

critical surgical operations on the eye. Galliurseaide lasers are widely used for amplificatiomiodern optical risk assessment from

fiber telecommunications. Gallium arsenide isaaib part of high-efficiency photovoltaic modulds.the opinion of| exposure related to usag

EPIC, it would be very hard to imagine a world with mobile telephones, fiber-optic telecommuniaaticCDs, and | of GaAs in the

key surgical procedures. We do not know of angothaterial that could serve as a substitute. microelectronic industry
are different things.

It is a material of such importance that recommé&aoda about its continued use should be made direfising

contemporary scientific standards that are relebatti to gallium arsenide and to the way it is usegarious

applications. Such a procedure may be more castiytime-consuming, but would be easily justifiguttie In accordance with the

economic and technological importance of this malter mandate from the ED this
consultation did not

We are pleased by the decision of the Commissiosaview the RAC opinion on the CLP classificatidrgallium concern other effects tha

arsenide with respect to the endpoint carcinogsnici carcinogenicity. Still
many comments were

We regard it necessary however, that the RAC opiniothe CLP classification of gallium arsenideals® reviewed | received on toxicity to

with respect to all endpoints and in particularwitspect to the endpoint fertility. reproduction. This issue
was discussed in RAC-16

Best regards, and the following
conclusion was reached:

Thomas P. Pearsall “RAC confirms that its

Secretary General conclusion regarding the
classification of gallium
arsenide for reproductive
toxicity in its opinion of
25 May 2010 was based
upon a proper evaluation
of the data.”

18/04/2011 | Germany / Christian | ECHA comment: The document attached (2011_Jan_28s GA/El-Position.pdf) is copied below. Thank you for your

Eckert / ZVEI / Industry
or trade association

Gallium Arsenide
Position of ZVE| — German Electrical and ElectroManufacturers' Association

comments.

We understand your
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Date Country/ Person/ Comment RAC response
Organisation/

MSCA
On "Opinion of the Committee for Risk AssessmeAQR proposing harmonized classification and |labegllat concern for a possible
Community level of Gallium Arsenide, adopted 25tAywP010" future inclusion of
gallium arsenide on the
Executive Summary candidate list and Annex
The Committee for Risk Assessment (RAC) has adogteabinion on the proposal for reclassificatiorGaillium X1V, eliciting the

Arsenide (see ECHA/RAC/CLH-0000000792-73-03/F, aeiop5 May 2010). ZVEI and its member companieshgvauthorisation regime in
serious concerns about the process of classificatg labelling of Gallium Arsenide that is curtgmursued by the | REACH. However

ECHA Committee for Risk Assessment. There is ewiddhat the results of referenced toxicologicatlists have identification of

been misinterpreted and even have been falsely. dtscientifically sound evaluation of the clagsitfion proposal | substances of very high

should consider inputs of all stakeholders andhig ¢ase should be aligned with the dossier gapertdr the concern (SVHC) and

registration process. proposals for the
candidate list is not within

ZVEI and its member companies highly recommendtoect the RAC opinion on classification and laingjlof RACs portfolio.

GaAs carefully using good scientific sense ancetease the political pressure on pushing quickH8\substance
on the REACH candidate list for the benefit of kegphe high tech industry chemical supply chaithiai Europe. Regarding your comments
on use please see response

Importance of Gallium Arsenide for Electronic Industries: to France / Thomas
Gallium arsenide is a fundamental compound semiectod material and forms a core substrate for semcdiactor Pearsall / European
technology. Its properties recommend GaAs circyitrter alia, in mobile phones, satellite commutiarss or Photonics Industry
microwave point-to-point links. GaAs also demonstsgootential in opto-electronics for applicatiamiedical Consortium / Industry or
systems and especially in high brightness lightttmgi diodes (LED) and laser diodes. trade association in the

beginning of this
In summary, Gallium Arsenide is used in many higghtapplications because of its unique charadtsridbue to the| document. Assessment of
unique characteristics of arsenic doping chemisieye are currently no replacement elements fanigs the hazard properties of
GaAs as a substance and
risk assessment from

exposure related to usag

Substance Name: Gallium Arsenide (GaAs) Of_GaAS in the_ .
microelectronic industry

Classification of Gallium Arsenide

11%

EC Number: 215-114-8 diff t thi
CAS Number: 1303-00-0 are difrerent things.
France Draft Dossier RAC oppinion Regarding vour comments
from 2nd June 2009 from 25t May 2010 g gy
on read-across and
Classification: GCarc. 2 - H351 Carc. 1A - H350 threshold, please see
STOT Rep. 1-H372 STOT Rep. 1 -Hav2 points 1) & 2) of the
Repr. 1B - H360F Repr. 1B - H360F Annex to RCOM
(Additional response to
Please find below our serious concerns described dfetail: comments).

We agree that there are
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Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

1) Procedure of RAC process:

RAC did not fully conduct the review task as theguired (e.g. they did not verify the conclusioaisély quoted or
referred to in the report of the French CA). RAG dot extend its review sufficiently to come toiadependent
opinion. The Read-Across was applied without sigfit proof of the appropriateness of the Read-

Across approach. The Read-Across was used to d@e¢heitoxicological test findings despite stronglence

that the carcinogenicity of arsenicals is likelyhtve a threshold below which there is no carcinmmge

activity.1

2) Content of RAC opinion:

The outcome of the NTP study was only superficiedlyiewed and not put into a perspective. The megat
genotoxicity data were not adequately considereldadso not put into a perspective on the likelihobd
threshold/NOEL of the arsenic carcinogenicity. Bapportive value of the epidemiological studiethie
semiconductor industry was not recognized, therghgring the existence of exposure data in thisigtigy.2

The two claims that supported the rationale forrépro/fertility classification (absence of othexit effects and
accumulation in rat testis) were not checked andomg conclusion was taken. A plausible toxicoladjimode of
action of the fertility effects in experimental axé@ls at high dose levels was not recognized.3

Availability, performance characteristics and subsitution of GaAs substrates:

Gallium arsenide is a compound of the two elemeyaium and arsenic. It is a fundamental compound
semiconductor material and forms a core substoateefmiconductor technology. GaAs substrates fmicanductor
devices have many technical advantages compargitidcon based semiconductor components. GaAs tiycoffers
higher efficiencies and output power at lower vgpdtsiand allows better high frequency performanedsGievices
generate ultra low noise when operated at highuiagies thus ensuring improved signal receptioeyan also be
operated at higher power levels than the equivaidinbn device because they have higher breakdmiages.
GaAs have a direct band gap, which means thahibeaused to emit light. GaAs also demonstratenpialén opto-
electronics for application in medical systems asplecially in high brightness light emitting diode&D) and laser
diodes. LED (light emitting diodes) producers useA& as a substrate. Due to the unique charactsristiarsenic
doping chemistry there are no replacement elenfentsenic.

End applications and markets for GaAs compound seradnductor substrates:

LED’s are the current and future lighting sourcémost display technologies and are a key alteraat less energy
efficient alternatives. The electronic properti€&aAs circuitry enable its use in most mobile pé®for power
amplifiers and switches. GaAs is also commaggd in satellite communications, microwave podrpoint links.

All these specific technical aspects of GaAs ensuproved material and energy efficiency, whilssaring quality
and high performance products for the final consu@aAs devices are also inevitable for modern@esgstems
based on radar and/or radiometer principles. Systesis are used in automotive and other transpeitaaments to
increase safety for passengers and other traffiecjgants. Furthermore, many future security syst@re based on
such GaAs components.

Consequences for Semiconductor Industry
It would be a serious competitive disadvantagdtferGerman and European GaAs manufacturers tollgedlio

relevant occupational
epidemiological studies
that were not submitted
by the dossier submitter
or assessed by RAC in th
opinion adopted 25 May
2010. These are now
included in the opinion.

Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

Several companies
submitted comments in
the public consultation
describing the low risk in
the affected industry.
Classification is based orj
assessing the intrinsic
properties of the
substance, not the risk
during use. For
considerations on risk
Versus intrinsic properties
please see the opinion.
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Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

eventually apply for an authorization for the ué&aAs based on an incorrect classification of Gagst CMR
Substance and its inclusion in the REACH canditisteBeing aware of the ultimate goal to sunsetitenufacture
and use of SVHC substances in Europe this wouldtrisa practical unavailability of GaAs substréde the
electronics, defense and military industries froondpean sources. The European high tech industoydiae solely
dependant on ready made products with GaAs in®dgidg from sources like Japan and China.

Arsenic is rigorously managed in the semiconductomanufacturing environment and

there is no consumer exposure

The use of arsenic as a component of GaAs in sewhicdor manufacturing does not pose a threat thiigan
health or the environment due to the closed systamufacturing and the stringent manufacturing adetin place in
semiconductor factories using GaAs. The use of Ges2& semiconductor wafer material is stringeniyitored and
highly regulated. There is no arsenic exposurerpiatefor the consumer during the use phase oétéetronic
product, e.g. the mobile phone. The end of lifesghaf the mobile phones and other electronic prisdare covered
by the EU WEEE directive and therefore potentialiemmental exposure is minimized.

The amount of arsenic in a semiconductor produtpigally very low. Furthermore, the tiny amounfsarsenic
present in the semiconductor pose no exposureaitgie consumer of the final electronic producte Binsenic is
chemically bound in a crystal of GaAs or silicomelsemiconductor device is further encapsulatedfinal package
to both physically protect the device and to creapeactical means of attaching the device to ratguli circuit board.

About ZVEI

The "ZVEI - German Electrical and Electronic Marattaers’ Association“ promotes the industry’s jogtonomic,
technological and environmental policy interestsaarational, European and global level. The ZVIpresents more
than 1,600 companies, mostly SMEs, with round aB&6t000 employees in Germany in 2010, plus 600,000
employees all over the world. In 2010 the turnavas Euro 162 billion. The electrical and electrsnidustry is the
most innovative and the second largest industriosét Germany.

1 Dr. Ernst M. Bomhard, Comments on the RAC OpirdarGallium Arsenide, Jan. 2011

2 Dr. Ernst M. Bomharderivation of a DNEL (Inhalation local and systejnfier Gallium Arsenide
15 November 2010

3 Dr. Ernst M. BomhardClassification of Gallium Arsenide regarding Remndtity (Fertility)

19 November 2010

19/04/2011

Belgium / Shane Harte
European
Semiconductor Industry
Association (ECCA-
ESIA_/Industry or
trade association

[ESIA input on the proposed harmonised classificasind labelling of Gallium Arsenide of carcinogétyicategory
1A 19/4/2011

Please find enclosed European Semiconductor IndAssociation’s (ESIA) new and relevant informatio the
ECHA public consultation on the proposed harmonidedsification and labelling of Gallium ArsenidegAs) of
carcinogenicity category 1A.

ESIA would like to underline the imperative to havéhorough and scientifically based harmonizedsification and
labelling assessment process for GaAs and for Hrer gubstance that undergoes this process ureleeth REACH
regulation. ESIA has concerns on the methods ugeldebcommittee for risk assessment (RAC) to caorthé

Thank you for your
comments.

RAC is aware that
gallium arsenide is the
only arsenic compound
tested in a long term
animal study by
inhalation. Available
animal data on gallium
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Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

opinion of carcinogenicity category 1A for GaAS May 25th 2010. The use of the ‘read across’ methdhtis
instance would appear to be applied without cleatence of the adequate nature of the read acppssach. The
specific substance properties for gallium arsenidléined in the US National Toxicology Programmedst dossier
were essentially overlooked in favour of a ‘reatbas’ method to to a well-known carcinogenic AisdAs)
species. The RAC opinion appears to have faildtht@ comprehensively evaluated the complete datasébAs
and the issue of the carcinogenicity of As.

The RAC opinion mentions that the “evaluation afc@@ogenic effects of gallium arsenide solely bagedesults
from animal studies is insufficient, especiallycgranimals are less sensitive than humans to teaogenic effect
of arsenic.” Therefore the RAC decided to includieimation from human studies on arsenic compolistésl as
carcinogens in category 1A in CLP Annex VI and gpphd-across to GaAs. It was further stated thaead-across
approach is further supported by toxicokinetic diacribing the formation of similar arsenic metabs following
GaAs exposure as those formed following exposuddatssified arsenic compounds” and it was agreleal ‘the
carcinogenicity of arsenic and arsenic compound$ ielevance to gallium arsenide and must be tak®naccount.”
ESIA would like to raise the following comments liegard to the issues above; animal data on Geidtsdut this
information was not utilized and appears to haventmverlooked by RAC; inorganic arsenicals othant@aAs have
never been tested adequately for carcinogenesigy@rer by the inhalation route ; the genotoxieef of GaAs do
not seem totally comparable with other arsenidaitihg the validity of the read-across and recardluations
pointing towards a threshold for the carcinogeffieats of As were not considered by RAC.

ESIA would also like to comment on the consideratid the endpoint of reprotoxic by the RAC and phecess by
which this view was apparently reached.Gallium mide was also classified for Reprotox effects basedn opinion
of the French Competent Authority. This opinion sloet appear to have been fully checked for validitd accuracy
by the RAC committee. The original references refito in the French submission were presumabligantally
misquoted by the submitting country. This led wertiently to the opposite classification as thaicltwas being
indicated by the data. The issue here relates &pparent deficiency in the assessment procedyredich the RAC
committee has proofed the original evidence anersas submitted by the competent authority. Tleiapformed
by the RAC for classification of GaAs into Repratity 1B — H360F are not supported by the availatd&a. All
toxicological end points must be taken into accotlrg reprotoxic as well as the carcinogenic eidtp.

ESIA supports the scientific assessment and congmeatle by Dr. Ernst M. Bomhard.on the RAC Opinian o
Gallium Arsenide

Additional Relevant Supplementary Information

ESIA is fully aware that this consultation relatesaAS in the context of the RAC opinion. Howeirean effort to
assist the ECHA authorities and the various conamitin their assessment and decision making rolesand going
forward in the future, the semiconductor indusegl$ it is important to give a clear background amntext as to
how and why gallium arsenide is used by the sendigotor industry and as to why an accurate clasdifio of GaAS
is such a key issue for the semiconductor indu&aflium arsenide is a fundamental compound sendigctor
material and forms a core substrate for semicowdiethnology and therefore is a major issue fentider

arsenide was not
overlooked by RAC in the
opinion of 25 May 2010.
However when assessing
gallium arsenide RAC
also took account of
widely available data on
carcinogenicity in human
from arsenic and arsenic
compounds.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional
response to comments).

Regarding your comment
on genotoxicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments).
Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

Please find the response
to the comments from Dr
Ernst M. Bomhard later ir
this document.

Regarding your comment
on the candidate list and

£e

-7 -



Date Country/ Person/ Comment RAC response
Organisation/

MSCA

electronics industry. triggering of
communication

Why would a potential inaccurate classificatiorG#AS in the EU be such a crucial issue for the feao requirements please see

semiconductor industry? the response to Germany /
Christian Eckert / ZVEI /

If GaAs was to be classified as a CMR substancedoas an inaccurate classification that did nosater all the Industry or trade

relevant specific data of the substance this winddvertently and unnecessarily restrict the shleany GaAS association earlier in this

based electronic products in Europe and presesti@us distortion of the free movement of goodsimitand document.

importation of goods into the European Union. Aadcurate classification and labeling of the sulzstamould lead

to a disproportionate administrative burden, urifjest technical measures and ultimately lead ténadvertent Regarding your comment

deselection from the European supply chain. Eleatrequipment manufacturers in many cases maingatnicted on use please see response
substance list and ultimately restrict CMR substarfcom being used and being present in semicoodpobducts to France / Thomas
supplied to them. An inaccurate CMR classificafionGaAs would trigger a significant number of #ey aspects of Pearsall / European

the REACH regulation such as a listing on the REA&IHdidate list based on REACH art. 59 and ultilgatey Photonics Industry

lead to inclusion in REACH Annex XIV. Candidatetilgy will trigger communication requirements fotieles (Art. | Consortium / Industry or

33) consisting of at least 0.1% of the substandepaavision of SDS (above 0.1%). Also, if the dabse is not trade association in the
registered by 2010, SVHCs in articles above 0.1%trba notified to ECHA as from June 1, 2011 six themafter beginning of this
listing (Article 7 (2) REACH). document. Assessment of

the hazard properties of
The CLP process for GaAs must review and considefally all scientific data available today sotthppropriate GaAs as a substance and
risk management measures can be taken alongeitsyiifie to guarantee safe handling and dispoghkgbfroducts risk assessment from

GaAs is a part of. CLP classification should beqrened on the basis of internationally recognizeddological exposure related to usage
standards and consider the latest results ofdtogecal research. ESIA remains confident thatrdapened of GaAs in the
consultation on GaAs will review and take into aowoall the relevant scientific data and trustsiartific and microelectronic industry
transparent CLP process for GaAs will be achieved. are different things.

How are GaAS used in the compound semiconductoufaaturing process?

The use of arsenic as a component of GaAs in sewhicdor manufacturing does not pose a threat thingan
health or the environment due to the closed systamufacturing and the stringent manufacturing @stn place in
semiconductor factories using GaAs. The use of Ges2& semiconductor wafer material is stringeniyitored and
highly regulated. There is also no arsenic expopatential for the consumer during the use phashkeofinal
electronic product, e.g the mobile phone. The comadon of GaAs components in a semiconductor chigery
small

The European semiconductor industry associatiohXBE&Bas the first industry grouping to cooperateh\dECHA
under a joint project to outline the exposure sdesahat could potentially exist from the prodoctiof
semiconductor devices (microchips). This joint s been officially published in August 2010 é&hgosted
under the guidance section of the ECHA website.

http://guidance.echa.europa.eu/docs/other_docsif@secp document_v5.pdf

This detailed report outlines the typical semicastdumanufacturing environment in which the tempeae humidity
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Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

and airborne particle contamination are strictlptcolled and gives a good overview of the refergmuiats and
detailed engineered risk management measuresxisatresemiconductor factories. The Fab (fact@myyironment
is, typically thousands of times cleaner than ghakoperating room. Chemical vapors and gasestargently
controlled. In Fabs a large number of engineerett Rianagement Measures (RMM) are used to prevehtantrol
chemical release to the environment and exposune®dders. Chemical dispensing may be totally cordi
equipment is enclosed and extraction removes flands/apors to air abatement systems such as veatdabers or
thermal oxidizers. In many cases secondary and &vgary redundancy to controls ensure that, éetent that one
control fails, other will continue to provide theagessary protection.

Why are GaAs used as a core technology for a rahg®mdern day communication applications includingrent and
next generation mobile handsets and Wi-Fi appbeati opto-electronics, and control systems?

GaAs have many technical advantages which enshighasolume demand for advanced communication systnd
wireless applications in particular..The lower kneétage of GaAs circulitry offers higher efficieasiand output
power at lower voltages. It has a higher saturatedtron velocity and higher electron mobility caling better high
frequency performance. GaAs devices generateloliranoise when operated at high frequencies thaaram
improved signal reception. They can also be opérattdigher power levels than the equivalent silidevice becaus
they have higher breakdown voltages. GaAs haveeatddand gap, which means that it can be usethiidlight.
GaAs also demonstrate potential in opto-electrofiicapplication in medical systems and especiallyigh
brightness light emitting diodes (LED) and laserddis. LED (light emitting diodes) producers use Gaé a
substrate. LED’s are the current and future ligh8ources of most display technologies and arey akernative to
less energy efficient alternatives. These eleatrpnbperties of GaAs circuitry enable its use irstrmaobile phones
for the power amplifiers and switches. GaAs are asmmonly used in satellite communications, mi@esvpoint-
to-point links, and some defence and radar systaihthese specific technical aspects of GaAs emsuiproved
material and energy efficiency, whilst ensuringlguand high performance eletronic products fa fimal
consumer.

The European semiconductor industry is always réadaytline further the risk management measurqd@red in
our industry on the process substances used artiadits to wider society from the use of somestuices in the
technologies which we create.

i The European Semiconductor Industry Associaianission (ESIA) is to represent, promote and dkfen

the vital interests of the European-based semiattodindustry and to ensure its competitivenegténglobal
market. The semiconductor industry provides theéwmgbling technologies at the forefront of the d@wament of the
Information Society. In Europe, the sector suppovisr 115,000 direct jobs and up to 500,000 indgobd. With
membership covering companies, national sectorcams and research institutes, ESIA is the voicie
semiconductor industry in Europe.

ii NTP Technical Report on the Toxicology and €aogenesis of Gallium Arsenide in
F344/N Rats and B6C3F1 Mice (Inhalation studie§JPN'R 492, Sept. 2000

D
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Date Country/ Person/ Comment RAC response
Organisation/
MSCA
iii Huff et al. Toxicol Sci 55, 2000, 17-23.
21/04/2011 | United States / Steve | Dr. H. Vasken Aposhian of the Department of Molecw@nd Cellular Biology of the University of ArizanUSA, is | Thank you for your

Aden / Avago
Technologies Wireless
(U.S.A) Manufacturing
Inc. / Company-
Downstream user

an internationally recognized expert in arseniédobogy and metals toxicology whose bibliographglirdes over
130 published papers. Dr. Aposhian co-authoredafitbe papers referenced by the RAC in the backuto
document to the RAC opinion. Dr. Aposhian prepdhedattached critique of the background docurreettieé RAC
opinion. Dr. Aposhian’s critique challenges the v$read across for classification of GaAs andhsdio serious
problems in using animal data from rats. Dr. Apasthas provided references for 16 papers whichedegant to the
carcinogenicity of gallium arsenide and its metabptoducts. Fifteen of the references providedbyAposhian
are not listed in the references for the backgralomiment to the RAC opinion. These references baaparently
not been assessed by the RAC and therefore sheuwdrsidered as new information. (The originaluheent has
been uploaded to the ECHA web site for commenthertarcinogenicity of gallium arsenide, see attzat;
“Reactions to and recommendations for modifying Blaekground document to the Opinion proposing hauiseml
classification and labelling at Community levelgailium arsenide”). (Filename =
Dr_HV_Aposhian_Critique_of ECHA_Background Documpdt )

ECHA comment: The attached document (Dr_HV_Aposkdtique_of ECHA_Background_Document.pdf ) is
copied below.

Reactions to and recommendations for modifying

The Background document to the Opinion proposimgbaised classification and labelling at Commuiétyel of
gallium arsenide

ECHA/RAC/CLH-0000000792-73-03/A1

Which was adopted 25 May 2010

For submission to The European Chemicals Agency'§ommittee for Risk Assessment, (ECHA / RAC),
Prepared by

H. Vasken Aposhian, PhDEmeritus Professor of Molecular and Cellular Bigl¢gctive) Emeritus Professor of
Pharmacology (active)

Department of Molecular and Cellular LSS Bldg. R¥44Jniversity of Arizona Tucson, AZ 85721

Office Telephone (520) 621-7565

Home Telephone (520) 299-2462 also present addreégst least May 1, 2011 is

87 Atlantic Rd. Unit # 4 Gloucester, MA 01930 Hoimelephone (978) 283-0961

Submitted April 18, 2011

Table of Contents

Page 3Executive summary

Page 41- Qualifications of H. V. Aposhian, PhD, to writ@s report:

Page 52- The discussion of the bio-transformation of gamic Arsenic, in the ECHA background documentt{sa
5.1 Toxicokinetics, including figure 3) & (secti®n7.5 Summary and discussion of carcinogenicitgigsinot
adequately justify their use of the read acroshatetvhich effectively equates GaAs to As and ofkecompounds.
Page 63- There is published information which providegdewnce that GaAs acts differently than As relative

carcinogenicity. The citations are included.

comments and reference
for 16 papers.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

Regarding your comment

on read-across, please s¢

point 1) of the Annex to
RCOM (Additional
response to comments).

For RAC evaluation of
Carter et al. (2003) pleas
see point 6) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

In addition to
epidemiological studies
on carcinogenicity from
drinking water, reference
were made to

re

n

£e

1)

D
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Page 74- There is published information concerning thesicengenicity of GaAs, which is not adequately ddased
in the background document. The citations are oy

Page 75- The rat is an atypical and very poor mammaliaeh for humans in As or GaAs toxicity. It is aypaital
model for how the human body processes or metamiimrganic arsenic. The published evidence isgmted and
cited.

Page 9- There are other factors, not considered in {iel& background document, which should be considéred
proper classification of GaAs with respect to aamgenicity. The citations are included.

Page 97- Summary of Reactions and Recommendations foifying the ECHA/RAC Background document on
GaAs

Page 10References

Page 12APPENDIX - CURRICULUM VITAE of H. V. Aposhian, PhD.

Executive Summary

1- The purpose of this report is to request the @idtae to reconsider its May 25, 2010 report otligral arsenide.
Suggestions and recommendations are respectfiidyeof

2- The present author believes that published statemésnin peer-reviewed articles from various highly-
regarded arsenic experts that are quoted in this gsent report indicate that the read across methochsuld not
be used for gallium arsenide. There is insufficienévidence to equate the different arsenic compounds

3- There is published information which providegdewnce that GaAs acts differently than As relative
carcinogenicity. We doubt that total arsenic ineslVironmental arsenic exposures is representafitisk when there
appear to be several different “most toxic arsepnimpounds.”

4- Gallium arsenide is not found in nature and &hoot be judged by the same drinking water exposgenarios
that are used for the inorganic arsenic oxides.

5- The rat is an atypical and very poor mammaliadeh for inorganic As or GaAs toxicity in humanselpublished
evidence is presented and cit¥@t, the RAC Background document appears to inapprpriately use the rat data
especially in the example of the carcinogenicity ifemale rats.

6- There are other factors, not considered in @el& background document, which need to be consitifneproper
classification of GaAs with respect to carcinogégic

7- Summary of Reactions and Recommendations. It apars that the RAC is completely disregarding major
points cited in the Carter et al (2003) paper whichis a widely quoted classic in the field of arseniand GaAs
metabolism and toxicity. Since GaAs behaves diffendly from other arsenic compounds, and since ratsra a
poor model for how the human processes arsenic, tlohange to a 1A recommendation is not scientificall
warranted and needs to be reconsidered.

1- Qualifications of H. V. Aposhian, PhD, to writthis report. (A complete Curriculum Vitae is in theppendix):
My laboratory has studied arsenic and mercury tm&igy at the basic animal and cellular level ad aglin human
populations in rural areas of Chile, Inner Mongol&exico, Romania, China and the United Statesré&égarch on
arsenic and mercury during this 33 year perioth@tiniversity of Arizona was supported, financiallyd generously|
by competitively awarded grants from the Departnidiidefense (DOD), National Institutes of Healthid) and
various private foundations. The results of thieagive research have been published in interredtfmeer-reviewed

scientific journals. One of my publications hasibdesignated as the most downloaded paper of thehrhy the

occupational
epidemiological studies
from smelters (via
inhalation) in the RAC
opinion adopted 25 May
2010. In both drinking
water and in smelters,
exposure would
ultimately lead to similar
metabolites as following
exposure to gallium
arsenide. The read-acros
was based on this, pleass
see point 1) of the Annex
to RCOM (Additional
response to comments).

You question the RAC
conclusion of the NTP
study from 2000. A recen
paper by Tokar et al.
(2010) was also submitte
in the public consultation
This paper supports the
conclusions from the rat
study (NTP, 2000) and
consequently strengtheng
our previous conclusion
on the NTP study in the
RAC opinion of 25 May
2010. The relevance of
data from animal studies
on arsenic and arsenic
compounds is further
discussed in the Tokar
paper (Tokar et a., 2010)

)

t

D
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pre-eminent Toxicology journal, Chemical Researchaxicology.

At any given time, my laboratories usually had asynas 12 people who were predoctoral studentsipctsrals,
research assistants, senior investigators andéttute heads from the United States, Mexico, Aastr
Czechoslovakia, China, the Soviet Union, Egypt, Boia and other countries. They were in my lab grfoup
educational and/or research purposes dealing wifnhmetal toxicology.

| have been a consultant for the NIH, EPA, FDA, sadous multinational pharmaceutical organizations

In 1959, | was awarded the first United States elkalth Senior Research Fellowship to work wittbil Laureate
Dr. Arthur Kornberg, Professor and Chairman ofBtepartment of Biological Chemistry, Stanford Unisigr
College of Medicine. The purpose of this competitvawarded fellowship was to give me the oppotiuta learn
modern approaches to research and to utilize thedoing research under Professor Kornberg’s diwacti did this
with him for 3 years. | have been Associate Prafes$ Microbiology, Tufts University Medical Schqand
Professor (and for a number of years Head) of tterRacology Department at University of Marylanddi¢al
School. From 1975 to 2008, | was Professor in thpdbtment of Molecular and Cellular, College ofe®cie and
Professor in the Pharmacology Department of théeGelof Medicine of the University of Arizona inding a stint
as Department Head. A Curriculum Vitae is in thpeamix of this report. A recent review artiédesenic toxicology:
five questionsas been well received and extensively quoted (AiposH.V., and M.M. Aposhian. 2006.) .

The following comments regard theECHA background document on Gallium Arsenide.

Authoritative statements written by arsenic redeapqerts in articles published in first-rate pemriewed
international journals have been included and qutiiesupport the major points the author wishdsritag to the
attention of the Committee. There is some redunganthe present report since published statenfemts the peer-
reviewed literature have been requoted in subsecaetions to support the main statements of #ettan.

2- The discussion of the bio-transformation of inganic Arsenic, in the ECHA background document, ¢sien 5.1
Toxicokinetics, including figure 3) & (section 5.3.Summary and discussion of carcinogenicity), does
adequately justify their use of the read across hwat which effectively equates GaAs to As and otAsr
compounds.

The three major research laboratories dealing thithmetabolism of inorganic arsenic for at leastl#ist 10 years
have been the Aposhian lab at University of Arizdha Vahter lab at the Karolinska Institute, amel Thomas,EPA
—Styblo, University of North Carolina collaboratifaps.

A major contention of the present report is tihat ECHA background document, (section 5.1

Toxicokinetics, including figure 3) & (section 5.5 Summary and discussion of carcinogenicity), doemt
adequately justify their use of the read across mhbd. The evidence for this contention is as follows

As an established expert in human arsenic metabdptease see publication list in CV Appendix)sitny opinion
that the read across method is not appropriatgdtium arsenide.

It is pertinent to note that Figure 3 of the ECH#ckground document was as stated “adapted fromatgkh et al
(2001)". The Zakharyan et al (2001) paper was ftbenpresent author’s laboratory. The present ayhmts this out
to assure the readers that he is very knowledgedinlet inorganic arsenic metabolism, especiallifaaas the human
is concerned. The present author would also likeote that the late Professor D. M. Carter, wagptieeeminent
authority on gallium arsenide toxicology and was finst author of the Carter et al. (2003) papet ts quoted

extensively in this report and elsewhere.
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Carter et al. (2003) in Abstract on page 309 gttt

“The urinary metabolites after GaAs exposure wheesame as excreted by arsenic oxides but the chemi
compounds responsible for the toxic effects of Garesdifferent from the arsenic oxides. The reviancludes that
there is insufficient evidence to equate the diffemt arsenic compounds.’[bold type added by present author]

Carter et al (2003) on page 326 states that

The toxicity of gallium appears to be limited by #olubility and by the solution composition of eréls that could
bind or solubilize gallium. The toxicity of arserappeared to depend on the species formed dursgldiion: arsine
arsenious acid, or arsenic adids clear that highly insoluble arsenide semicondctors were less acutely toxic
than equal amounts of arsine or their more solublarsenious acid products[bold type added by present author]

In the” Derivation of a DNEL (Inhalation local asgistemic) for Gallium Arsenide” prepared by Dr. &ri.
Bomhard that has been submitted to the ECHA,dtaged on page 16

In GaAs production both Ga and As internal expossigenerally very low owing to the generally lomizient air
concentrations (sophisticated technical instalfetjdow level of respirable particles and pers@matection
measures). There are only a few workplaces or éipasawhere the mean air concentrations have erckéx limit
of 10 ug As/m3, the Threshold Limit Value in the US sii@&93.

As yet no clinical signs, neither respiratory syams nor skin changes, reportedly the most senstigeearly
indicators of As exposure in the low dose rangesgkhet al. 2006; Parvez et al. 2010) have obvicwesiyn observed
at these exposure conditions.

The lack of clinical symptoms in workers exposedrf@ny years argues against an accumulation pateftAs or
Ga in people involved in GaAs production and pretces

Several large epidemiological studies in the sendeaator industry did not reveal increased canaisrattributable
to the As exposure despite the fact that the Assxe there is usually higher than in GaAs prodacéind use
(Bender et al.2007; Beall et al. 2005; Boice eR@lL0; Darnton et al. 2010; Nichols und Soraharb208/ith one
exception exposure to Ga has not been measur#iieda studies clinical findings are not mentionggbesting that
at least obvious findings such as skin changes alesent.

Carter et al (2003) on page 323 states that

o arsine and gallium arsenide, [that] are in wiglesd use in the microelectronics industry. Thesedrsenic
compounds are not found in nature ahduld not be judged by the same drinking water exgsure scenarios that
are used for the inorganic oxides [bold type added by present author]

Thus the present author believes that the above qtes from various highly regarded authorities indicae the
use of the read across method should not be used fmllium arsenide.

3- There is published information which providesidence that GaAs acts differently than As relatiice
carcinogenicity.

Carter et al. in Abstract on page 309 state that

“The urinary metabolites after GaAs exposure wheesame as excreted by arsenic oxides but the chemi

-13 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

compounds responsible for the toxic effects of Gafsdifferent from the arsenic oxidde review concludes that
there is insufficient evidence to equate the diffemt arsenic compounds.’[bold type added by present author]

Also Carter et al., in page 310 state that

“There is one major question that should be aslefdre the standards for industrial exposure arisedv Can the
results used for the drinking water standards wirenmental arsenic compounds be extrapolateddosimial
inhalation exposures for the important arsenic coumpls used in industry? The drinking water standatdot
analyze individual arsenic compounds separat®@ly.doubt that total arsenic in all environmental asenic
exposures is representative of risk when there appeto be several different “most toxic arsenic compunds.”
[bold type added by present author]

The present author believes that the above quotesoin various highly regarded authorities provide evidence
that GaAs acts differently than As relative to carinogenicity.

4- There is published information concerning the dnogenicty of GaAs, which is not adequately camhasied in
the background document.

The reader is referred to Section 5.7.4. Carcineggnhuman data of the RAC’s Background DocumamiGallium
Arsenide.

Page 31 of the report states

In March 2009 IARC reconfirmed the classificatidracsenic and inorganic arsenic compounds as ‘isaggnic to
humans” (group 1). The working group made the divexaluation on a group "arsenic and inorganieais
compounds" rather than on some individual arsemmpounds, based on the combined results of epidegial
studies, carcinogenicity studies in experimentainafs, and data on the chemical characteristic&inodism and
modes of action of carcinogenicity.

BUT

Again the above are in direct disagreement to cleastatements in the widely quoted GaAs review artiel by
Carter et al., (2003).

Carter et al. (2003) in Abstract on page 309 gttt

“The urinary metabolites after GaAs exposure wikeesame as excreted by arsenic oxides but the cAetaimpounds
responsible for the toxic effects of GaAs are défd from the arsenic oxides. The review conclutiasthere is insufficient
evidence to equate the different arsenic compoundslbold type added by present author].

Thus, the statement from the RAC report

“The working group made the overall evaluation aygreup "arsenic and inorganic arsenic compoundblérghan on
some individual arsenic compounds.”

is certainly not what authors of the major, widalelaimed review articl€he metabolism of inorganic arsenic
oxides, gallium arsenide and arsine: a toxicochaieview Carter et al., 2003) have emphasized and statgd ve
clearly and what experts in arsenic toxicology énedi

In addition the RAC report states its decision arcimogenicity is “based on the combined resultspflemiological
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studies, carcinogenicity studies in experimentaiars, ...... arsine and gallium arsenide, ...... “

Again Carter et al (2003) clearly state

“These two arsenic compounds [arsine and gallisardde] are not found in nature asttbuld not be judged by the
same drinking water exposure scenariothat are used for the inorganic oxides.” [bold typdded by present
author].

The majority if not all the epidemiological data arsenic carcinogenicity is based on drinking wak&e RAC report
does not indicate that.

Finally, as shown in the next section acknowledgukrts in arsenic research do not use the ramdy srsenic
toxicology since the rat is an atypical and a y@sgr mammalian model for humans when consideringrAGaAs
toxicity. Yet, the RAC report on page 30 statesdhse clear evidence for carcinogenicity basedherrat studies.
The present author believes that the above quotesoin various highly regarded authorities provide evidence
that there is published information concerning thecarcinogenicity of GaAs, which is not adequately
considered in the background document.

5- The rat is an atypical and very poor mammaliarodel for humans in As or GaAs toxicity.

The published evidence is presented and cited:

The rat is an atypical model for how the human bodyrocesses or metabolizes inorganic arseni®lgase see
below for literature citations.) Thus, it is suging that the rat was used exclusively in 8 ofthexamples on pages
8 to 11 of Sectio®.1“Toxicokinetics (absorption, metabolism, distritmrtiand elimination) of the Committee for
Risk Assessment RAC Annex 1, Background documetiteédpinion proposing harmonised classificatiod an
labelling at Community level of gallium arsenidé.$eems unwise to ignore the opinions of highognized
experts in the areas of arsenic metabolism anddtgy. Some of them are the late Dr. Dean Canfefhe
University of Arizona, the world’s preeminent autityyon gallium arsenide toxicology and biology;.Dtarie Vahter
of the Karolinska Institute a pioneer in modernrgamic arsenic toxicology; Dr. H. Vasken Aposhidithe
University of Arizona. The latter two investigatawere major contributors and wrote a number ofctepters to the
1999 monograplrsenic in Drinking Watepublished in 1999 by the National Research Couheil).S. National
Academy of Sciences. Other experts are Dr. Daviohds, EPA, and Dr. Allan H Smith of the Univergify
California at Berkeley.

As stated imArsenic in Drinking Watepublished in 1999 by the National Research Couheill).S. National
Academy of Sciences:

Page 155 “The rat also methylates inorganic arsffiiently, but a major portion of the DMA prodext is retained
in the erythrocytes (Odanaka et al. 1980; Lermaai.€983), giving rise to a slow urinary excretmiiDMA anda
tissue-distribution pattern that is different from that in most other speciegVahter et al. 1984)n addition, the
rat shows an extensive biliary excretion of arsenjabout 800 and 37 times more than the dog and ratip
respectively(Klaassen 1974).”

(bold type made by present author)

Page 160In the rat, arsenic is retained in the blood congderably longer than in other speciedecause of the
accumulation of DMA in the red blood cells, appdirehound to hemoglobin (Odanaka et al. 1980; Leriaad

Clarkson 1983; Vahter 1983; Vahter et al. 1984 @bcumulation of arsenic in the rat erythrocytas first reported

-15 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

more than 50 years ago (Hunter et al. 1942).” (gdé made by present author)

Carter et al. 2003 clearly state on Page 315-
“Human data and animal data
“It is not possible to use animal data as a modebf humans or for the rat to serve as a model for dter

laboratory animals. It was a surprise when the results from long- tammal studies did not model humans. ...... ..

The problem with early data from animals was that ats were usedPrevious scientific committees have stated
that they did not recommend rats for arsenic ogiidposition studies.” (bold type made by presethan)

Carter et al. 2003 page 325 state that

“The 2-year exposure showed increased alveolandhiolar neoplasms in female rats. This findingriportant and
the lung appears to be acting as a point of cotvaatant for particlesUnfortunately, the rat is not recommended
for arsenic studies;only the females responded and there were no éther Ga species tested for comparison.”
(bold type made by present author.)

The reader is also referred\fahter, M. 1994. Species differences in the meishadf arsenic compounds. Appl.
Organomet. Chem. 8: 175-182.

All of the above are some of the reasons why ackntadged experts in arsenic research do not use thatrto
study arsenic toxicology and why the rat is an atyipal and a very poor mammalian model for humans whe
considering inorganic As or GaAs toxicity.

6- There are other factors, not considered in th€HA background document, which should be considefed
proper classification of GaAs with respect to carogenicity.

The ECHA background document quotes epidemiologg dancerning the carcinogenicity of inorganic arse-
mainly arsenite in drinking water. GaAs is not maliy occurring and as Toxicology experts in theemic area
believeGaAs should not be judged by the same drinking wateexposure scenarios that are used for the
inorganic oxides in drinking water.

Carter et al (2003) on page 323 states that

o arsine and gallium arsenide, [that] are in wiglesd use in the microelectronics industry. Thesedrsenic
compounds are not found in nature ahduld not be judged by the same drinking water exgsure scenarioghat
are used for the inorganic oxidffent made bold by current author].

Carter et al. on page 310 state that

“There is one major question that should be asleddre the standards for industrial exposure arsedv Can the
results used for the drinking water standards wirenmental arsenic compounds be extrapolateddosimial
inhalation exposures for the important arsenic caumpls used in industry? The drinking water standatdot
analyze individual arsenic compounds separat®ly.doubt that total arsenic in all environmental asenic
exposures is representative of risk when there appeto be several different “most toxic arsenic compunds.”
[font made bold by current author].
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Carter et al. 2003 page 325 state that
“The 2-year exposure showed increased alveolandmiolar neoplasms in female rats. This findingriportant and
the lung appears to be acting as a point of cotdaatant for particles. Unfortunately, the rahist recommended for,
arsenic studieginly the females responded and there were no oth&s or Ga species tested for comparisch
[font made bold by current author].

7- Summary of Reactions and Recommendations for ifyadg the ECHA/RAC Background document on GaAs.
When all the points made in this paper are consided together, the logical conclusion would be to dg} a
premature classification of GaAs since it is not quported by solid scientific knowledge. Finally, itseems as
though the RAC is completely disregarding major paits cited in Carter et al (2003). The paper is a wiely
guoted classic in the field of arsenic and GaAs matbolism and toxicity. Since GaAs behaves differentlfrom
other arsenic compounds, and since rats are a poanodel, the change to a 1A recommendation needs te b
reconsidered.

References

Ahsan et al. Arsenic exposure from drinking wated ask of premalignant skin lesions in Bangladdsseline
results from the Health Effects of Arsenic Longihal Study. Am J Epidemiol 163, 2006, 1138-1148.
Aposhian H.V., and M.M. Aposhian. 2006. Arsenicitatogy: five questions. Chemical. Research in Tokigy 19:
1-15.

Beall et al. Mortality among semiconductor and ager device-manufacturing workers. J Occup Envired M7,
2005, 996-1014.

Bender et al. Cancer incidence among semicondaatbistorage device workers. Occup Environ Med 687 30-
36.

Boice et al. Cancer mortality among US worker empptbin semiconductor wafer fabrication. J OccupiEemvMed
52, 2010, 1082-1097.

Carter, D. E., Aposhian, H. V., and Gandolfi, A(2003). The metabolism of inorganic arsenic oxiddlium
arsenide and arsine: a toxicochemical revieexicol and Applied Pharmacal93 309-334.

Darnton et al. A further study of cancer amongdheent and former employees of National SemicotaytJK)
Ltd., Greenock. Health and Safety Executive, UK@201

Hunter F.T., A.F. Kip, and J.W. Irvine. 1942. Raatitive tracer studies on arsenic injected as potasarsenite. J.
Pharmacol. Exp. Ther. 76:207220

Klaassen, C.D. 1974. Biliary excretion of arsenicats, rabbits and dogs. Toxicol. Appl. Pharma21.447-457.
Lerman, S., and T.W. Clarkson. 1983. The metabotifarsenite and arsenate by the rat. Fundam. Ajpxicol.
3:309-314.

Nichols und Sorahan. Cancer incidence and cancealitypin a cohort of UK among semiconductor warkeOccup
Med 55, 2005, 625-630.

Odanaka, Y., O. Matano, and S. Goto. 1980. Bioniatinn of inorganic arsenic by the rat and sometatory
animals. Bull. Environ. Contam. Toxicol. 24: 452945

Parvez et al. A prospective study of respiratomsipms associated with chronic arsenic exposuBairgladesh:

findings from the Health Effects of Arsenic Longltoal Study (HEALS). Thorax 65, 2010, 528-33.

-17 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

Vahter, M. 1983. Metabolism of Inorganic ArsenidRelation to Chemical Form and Animal Species. Diadt
Thesis. Karolinska Institutet, Stockholm.

Vahter, M., E. Marafante, and L. Dencker. 1984siliesdistribution and retention of 74As-dimethylaisicid in
mice and rats. Arch. Environ. Contam. Toxicol. BR264

Vahter, M. 1994. Species differences in the metaiyobf arsenic compounds. Appl. Organomet. Cherth78:182.

APPENDIX

CURRICULUM VITAE November 2011

H. Vasken Aposhian, PhD

Emeritus Professor of Molecular and Cellular Biology (active), College of Science
University of Arizona

Emeritus Professor of Pharmacology (active), Collegof Medicine University of Arizona

Addresses

LSSB Rm 444

The University of Arizona

PO BOX 210106

Tucson, AZ 85721-0106

Telephone: 520-621-7565 (Tucson, AZ)

Also:

Tucson, AZ home
Telephone 520-299-2462
and

87 ATLANTIC RD, Unit# 4
GLOUCESTER, MA 01930

Telephone: 978-283-0961
Place of Birth: Providence, RI

Education
M.S. University of Rochester, 1950 (Physiologicakedistry)
Ph.D. University of Rochester, 1953 (Physiologicakmistry)

Advanced Training:

Department of Biochemistry, Stanford University 8chof Medicine (with Nobel Laureate Dr. Arthur Kidrerg),
1959-1962

Department of Biology, Massachusetts Institute @¢finology (with Dr. Paul Schimmel) -- six-month lsatical,
January 1-June 30, 1983

Department of Biology, University of California, $®iego -- six-month sabbatical as Visiting Schplame 1-
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December 30, 1990

Positions Held

1954-56 Instructor, Department of Pharmacology,déahilt University School of Medicine

1956-59 Assistant Professor, Department of PhartoggoVanderbilt University School of Medicine

1959-62 USPHS Senior Research Fellow, with Nobearéate Arthur Kornberg Department of Biochemistry,
Stanford University School of Medicine

1962-67 Associate Professor, Department of Microlgip, Tufts University School of Medicine

1966-72 Professor and Head of Department, 196@®&gartment of Cell Biology and Pharmacology, Unsitgrof
Maryland School of Medicine.

1972-75 Professor, Department of Cell Biology ahdrifhacology, University of Maryland School of Mddi
1975-2008 Professor, Department of Pharmacologfe@oof Medicine, University of Arizona

1975-83 Professor, Department of Cellular and Dielental Biology, College of Liberal Arts, Univeysof
Arizona. (Head of Department, 1975-79)

1983 Visiting Professor, Department of Biology, Mdashusetts Institute of Technology (January 1, 1B8% 30,
1983)

1983-2008 Professor, Department of Molecular antufae Biology, College of Science, University ofidona
1990 Visiting Scholar University of California, $aego

2008 Emeritus Professor of Molecular and Celluledyy (active), College of Science, UniversityArfzona
Emeritus Professor of Pharmacology (active), CellegMedicine,

University of Arizona

Research Interests

1. Arsenic detoxification and intoxication: moleaumechanisms, human and animal studies.

2. Metal toxicity and mechanisms of intoxicationanéenic, mercury, lead, and manganese, polymanghisvolved;
human and animal studies.

3. Biological chelation: Use of chelating agents P®and DMSA as a challenge test for mercury, acsemd lead.
4. DNA and gene delivery systems for mammaliarscatid intact animals.

5. Pseudovirions.

6. Autism

Professional Societies

Society for Toxicology

American College of Toxicology

American Society of Biological Chemistry and Mol&mBiology

American Society of Microbiology

American Society for the Advancement of Sciencéipiae

New York Academy of Sciences

American Society for Pharmacology and Experimenterapeutics (resigned 1976)
American Academy of Microbiology
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American Association of University Professors

Awards or Honors

1959-64 USPHS Senior Research Fellowship (resigaéea)

1959 Jane Coffin Child Fellowship (declined)

1972 Sigma Xi Annual Award for Scientific AchievemgeMaryland Chapter

1974 Student Council Award for Excellence in TeaghUniversity of Maryland School of Medicine

1977 Invited Guest, Soviet Academy of Science, Juag&7

1977 Invited Lecturer, Al-Hazen Research InstitBteghdad, Iraq, May, 1977

1981 Invited Speaker, Korean Biochemical Society

1985 National Academy of Science (U.S.) - SovieiddrAcademy of Science Exchange Fellow for Septenifs5,
in Soviet Union

1985 Official Guest of Peoples’ Republic of ChiAgademy of Science, Lecture Tour, October, 1985

1996 Official Guest of Peoples’ Republic of ChiAaademy of Science, Evaluation of arsenic probler@uizhou
Province, November, 1996

1998 Official Guest of Peoples’ Republic of Chidaademy of Science, Evaluation of arsenic problem i
Autonomous Region of Inner Mongolia, November, 1996

1999 Official Guest of Peoples’ Republic of ChiAgaademy of Science, Treatment of arsenic proble@uizhou
Province.

National Service (only a few are listed)

1968-2004 Member of various ad hoc study sectidasipnal Institutes of Health especially for thetidaal Institute
for Environmental Health Sciences.

1970-78 Member of ad hoc committees for cancernarmg and cancer construction programs of the NaltiGancer
Institute.

1971 Consultant to National Cancer Institute Plagréession, Airlie Conference Center.

1972 Advisor on gene technology to U.S. Senator Twiney.

U.S. Environmental Protection Agency, Mercury Advis Committee.

1971-73 American Cancer Society, Maryland Divisidiember, Board of Directors.

1971-72 American Cancer Society, Maryland Divisi@hairman Grants Committee.

1989- Consultant For Various Multinational Pharmail, Consumer-Goods And Life Science Companies.
1990 Lecturer - Continuing Education Committee,i€gycof Toxicology.

1993 Councilor - Metal Section, Society of Toxiogjo

1993 Super Fund - Agenda Workshop for Biodivergibxicology of Children, for the National Institufer
Environmental Health Sciences.

1995 WAARF Arsenic Research Priority Planning Megti- Mechanisms Section Chairman.

1995 WAARF Arsenic Grant Application Study Section.

1997-98 National Research Council, Committee onidaagy, Subcommittee on Arsenic in Drinking Water,
member. Author and coauthor of a number of chaptetssenic in Drinking WaterNRC monograph

1997 EPA Working Committee on Arsenic Carcinogenesi

1998 NIEHS Methylmercury evaluation group.
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1998 Mercury toxicity. Presentation to Committee @wvernment Reform, House of Representatives, @ssgyf
the United States

1998 Cure Autism Now, Research Grant Committee

1999-2000 National Research Council, Committee exicblogy, Committee on Mercury Toxicity, membeuthor
of toxicology chapter on methyl mer-curyTioxicology Of Methyl Mercury NRC monograph

2004 Invited presentation to Vaccine Committeenstitute of medicine, NRCOM entitled: Toxicologist’s View of

Autism and Thimerosal
2005-2006 EPA, Arsenic Study Committee

June 2007 Invited Testimony as expert witness befoe US Federal Vaccine Court on first trial degalvith
Thimerosal and Autism

May 2008 Invited Testimony as expert witness befbeeUS Federal Vaccine Court on second trial ome&hosal
and Autism

| have been engaged as an expert witness for agrumfibegal cases. Most of them were settled oeboft. The
most recent testimony before a court was in Nov@i&during April 2009 dealing with heavy metal gaiing of a
dental surgeon exposed during major hospital refiams

The above is not a complete list

International Service

1992-2006 Research and Scientific Evaluations seAic, Mercury and Other Toxic Chemicals for Nadion
Governments.

1992 Metal Toxicology Workshop for Physicians, Taigeterans Hospital Center, Taiwan.
1993 Superfund Workshop, Campaigne de Madonng, Ital

1993 Mercury Levels in Mexican Dental and Tampieatery workers.

1994 German Government Metal Toxicology Workshop.

1994 Arsenic Toxicity in Chile.

1994 Hg Toxicity in Denmark.

1996 Arsenic toxicity in China.

1998 Arsenic toxicity in Inner Mongolia.

1999 Arsenic toxicity in China.

1999 Arsenic toxicity in Romania

2000 Lead, cadmium and arsenic toxicity in childiremorreon, Mexico

2003 WHO workshop on Child Health in Southeast ABiangladesh)

2003 US-Japan meeting on arsenic (by invitatioy)onl

2006 International Conference of Chelating AgeAtlisory Board

The above is not a complete list

University of Arizona Service
1976-79 University Advisory Committee on Promotamd Tenure.
1975-79 Biomedical Support Research Grants Comanitte
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1975-77 Executive Committee, Cancer Center.

1979 Search Committee, Biochemistry Head.

1977-85 University Committee to review DNA recondrih research.

1978 Toxicology Program - Member of Executive Comtee.

1979-85 Graduate Council - Chairman, Student Adf8iubcommittee; Petitions Subcommittee.
1987 Toxicology Faculty Search Committee, CollefjBlmarmacy.

1988 Molecular and Cellular Biology Faculty Sea@dmmittee, College of Arts and Sciences.
1991-95 Chairman, Biomedical Group for Superfundt€e

1992 Member of committee to review College of MawicMolecular and Cellular Biology course.
1993 Chairman of committee for five-year reviewDa&partment Head.

1994 Environmental Quality Committee.

1995 Medical School Neurosciences Review Committee.

1995 Chairman, Departmental Promotion and Tenurar@itiee.

1998 College of Science, Promotion and Tenure Cdiaeni

State of Arizona Service

1989-92 Commissioner, Structural Pest Control Cossion, State of Arizona.
Grant Support the year immediately before retirenier2008

NIEHS Superfund Projecin vivoandin vitro metabolism of arsenic.

Autism Research Institute, Autism Biomarkers.

Wallace Research Foundation, Mercury and arseRricitp

Other
Paid consultant at various times for various mational pharmaceutical or consumer product compganie
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21/04/2011 | United States / John | ECHA comment: The attached document (TriQuint Camsren GaAs Carc Classification_20-Apr-2011.pds$ ) Thank you for your

Sharp / TriQuint
Semiconductor, Inc. /
Company-
Manufacturer

copied below.

European Chemicals Agency
Annankatu 18, P.O. Box 400
FI-00121 Helsinki, Finland

Greetings:

TriQuint Semiconductor, Inc. is pleased to offex fbllowing comments on the Proposal for Harmonised
Classification and Labelling of Gallium Arsenidebsuitted by France. TriQuint Semiconductor desigieselops and
manufactures advanced high-performance RF solutiithsGallium Arsenide (GaAs), Gallium Nitride (GaN
Surface Acoustic Wave (SAW) and Bulk Acoustic WBAW) technologies for customers worldwide. We are
leader in market diversity serving customers in ieotbevices, 3G and 4G cellular base station, WLANIMAX,
GPS, defense and aerospace markets.

An important part of the electronics supply chaitthe semiconductor industry, which provides ahted boards and
electronics assemblies with components neededgooduct to function properly. Gallium arsenidarsessential
chemical used in the manufacture of component dhigisare necessary for all electronics products.uerstand
that gallium arsenide is a toxic chemical, howetteg, studies used to justify the classificatiomalfium arsenide as
carcinogenic category 1A (CLP Regulation) are dutate and utilize exposure scenarios that arealistie and
unlikely to occur.

Herewith, we offer our comments on the Carcinoggnidassification and the “read across” method thas used to
reach the Carcinogenicity classification.

Signed for and on behalf of TriQuint Semiconductoc,: Date: 20-Apr-2011
John Sharp
Corporate Product Compliance Manager

Gallium Arsenide
Position of TriQuint Semiconductor, Inc. on the Ophion of the Committee for Risk Assessment proposing
harmonized classification and labeling at the EU leel for GaAs adopted 25 May 2010

comments.

RAC agrees with IND
who claims that the
spontaneous incidence of
mononuclear-cell
leukemia (MCL)1 in
Fischer F344 rats is so
high that this effect
should be disregarded.
Please see the opinion (g
1 December 2011).
Regarding your comment
on no threshold, please
see point 1) of the Annex
to RCOM (Additional
response to comments).
EPA guidelines for
carcinogen risk
assessment (2005) apply|
the Margin of Exposure
approach. Classification is
an assessment of the
intrinsic properties of the
substance, not the risk at
use. For considerations g
risk versus hazard pleass
see BD to the opinion.

=

n

=]

Regarding your comments
on read-across, please se¢e
point 1) of the Annex to

! synonyme LGLL (Large Granular Lymphocyte Leukemia)
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Executive Summary

TriQuint Semiconductor, Inc., based on scientifid éegal advice, submits that the Opinion of May 2510 of the
Risk Assessment Committee on the proposal for léssification of Gallium Arsenide (GaAs) as Carat.(LA is not
supported by the most recent scientific data. TinQurges RAC to correct its opinion on the clasaiion and
labeling of gallium arsenide.

Specifically, TriQuint requests the RAC to respaoadhe following with supporting data:

1. The most recent papers cited in the IARC morgiy(avith the exception of the NTP (2000) study)equivocally
state that the various arsenic species with therdnt valence states need to be considered agharlt is not
possible to extrapolate from one species of arsamigpound to another, without a detailed reviewhefchemistry.

2. The NTP (2000) study shows incidence of caraémigjty only to female Fischer F344 rats and nanhtde Fischer
F344 rats, nor to mice (male or female), nor toenfre@lmsters. Detailed studies have shown that thé §tBain of rat
is especially sensitive to spontaneous incidendd©Iif, and that rate of incidence has steadily iases since the
1970s to levels that are shown in the NTP (200@)ystStudies that show evidence of

MCL to only female rats of this strain are not g&iént evidence of carcinogenicity.

3. The most recent research does not supportar lserapolation relating arsenic exposure to cageénic potential.

There is no basis for the rapporteurs’ contenti@t because gallium arsenide can presumably bebolted to
DMAYV, gallium arsenide should be classified as acGegen 1A. There is also no data supporting dpgporteurs’
contention that there is no threshold level foligal arsenide exposure or exposure to DMAV. Thelisticited by
the rapporteurs are out of date, as EPA has nongeltbto using a Margin of Exposure (MOE) processciwshows
that DMAV is highly unlikely to be of toxicologicaloncern at plausible human exposures.

4. The rapporteurs did not perform a proper “readss” process. They did not analyze the physicmadsd
characteristics of the analogues they chose to aerp gallium arsenide. They did not perform ahthe
subsequent steps to properly use the readacrobsdrisiat are recommended in the OECD (2007) guilanc
document on the grouping of chemical substanceaddiition, the papers that are being cited by éipporteurs as
evidence that gallium arsenide is carcinogenicatcsapport such a classification. The authors e§¢hpapers
uniformly think that gallium arsenide is much légsic than the inorganic arsenic oxide compounds tifie
rapporteurs have chosen to read-across from.

Part I: The RAC opinion and its basis

The RAC has adopted the opinion that gallium agseshould be classified and labelled as
follows:

Classification & labelling in accordance with the @ P Regulation:

Carc. 1A - H350

Repr. 1B - H360F3

STOT RE 1 - H372,

Specific concentration limits:None

RCOM (Additional
response to comments).
This includes referral to
the approch in the OECD
Guidance on Grouping of
Chemicals that you
applied in your
comments.

Regarding your comment
on the Carter paper
(Carter et a., 2003), pleas
see point 6) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on the IARC
classification on DMA in
Group 2B, please also
note that IARC has
classified gallium
arsenide in Group 1

(carcinogenic to humans).

Response to comments
from Dr. H.V. Aposhian
is given above in the
response to United
States / Steve Aden /
Avago Technologies
Wireless (U.S.A.)
Manufacturing Inc. /
Company-Downstream
user.

Regarding your comment
to the BD and the
semiconductor industry in
1981, we agree that the

5E

numbers were out of datd
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M-factors: None

Notes:None

Labelling: GHS08, GHS09; Dgr; H350May cause canceH360F May damage fertility,

H372 Causes damage to the respiratory and haematopsystiem and testes through prolonged or repeafsasare.

From the RAC Opinion:

None of the epidemiological studies of cancer egamiconductor industry were informative with melg@ GaAs.
The dossier submitter has presented robust 105swebkéalation studies in rats and mice (NTP, 200@) @ 15 weeks
intratracheal instillation study in hamster (Ohyaghal., 1988). Gallium arsenide was carcinogenlg i female
rats after inhalation. This was observed as alvAntanchiolar adenoma or carcinoma.

The dossier submitter had proposed that galliurrade was to be classified as Carc Cat 3 (Dire@&iR/&48/EEC)
based on the animal studies. In the public consufia wish to classify gallium arsenide in agreatrie IARC
(group 1), proposing Carc Cat 1 instead of Carc30&irective 67/548/EEC) was raised. RAC agreed #m
evaluation of carcinogenic effects of gallium aidersolely based on results from animal studiésssfficient,
especially since animals are less sensitive thamahs to the carcinogenic effect of arsenic. It dasided to include
information from human studies (results of epiddogial studies of carcinogenicity from exposurateenic
compounds in copper smelters and from drinking kyate arsenic compounds listed as carcinogenstagoay 1A in
CLP Annex VI and apply read-across to GaAs. A reabss approach is further supported by toxicoldrasta
describing the formation of similar arsenic metéhkslfollowing GaAs exposure as those formed foltmpexposure
to classified arsenic compounds. It was agreedtiigatarcinogenicity of arsenic and arsenic comgeus of
relevance to gallium arsenide and must be takenaotount.

In conclusion, there is no human data for galliuseaide per se, but substantial documentationrefraagenicity in
humans of arsenic and arsenic compounds is avajlablevaluated by IARC and briefly discussed énBD.
Gallium arsenide is also carcinogenic in femals &dter inhalation and would fulfil the criteriarfGarc. 2 (CLP), if
assessed overlooking carcinogenicity from arsemitasenic compounds in humans.

By applying weight of evidence and based on readszcfrom other arsenic compounds listed as cageimcategory
1A in Annex VI of CLP and with reference to the IBRyrouping of Arsenic and arsenic compounds as agell
gallium arsenide in group 1 (“carcinogenic to husianRAC recommends to classify gallium arsenide &arc. 1A
— H350 according to CLP.

Part II: Background Document on Gallium Arsenide

In the French Dossier to classify gallium arsenttle,strength of the rapporteurs’ proposal rests

on the following points:

1. There is a desire by the French rapporteursamionize the CLP Classification of gallium arsenidé the IARC
opinion. The IARC Working Group decided that gatliarsenide was carcinogenic to humans (Group 1¢thas the
fact that gallium arsenide releases a “small amoahits arsenic” once it is in the body, which b&hka as inorganic
arsenic (pages 37 & 38 of BD).

and covered a larger
sector than the gallium
arsenide-using industry.
The more suitable recent
occupational
epidemiological studies
that you mention have
been included in the
opinion and BD.

-33-




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

2. Animal studies on DMA, a metabolite of inorgaauisenic, have demonstrated carcinogenicity (pagef38D).
3. Based on using the “read across” method, theneterapporteurs have classified gallium arsenidegshe
classification of other inorganic arsenic compoufipages 37 & 38 of BD).

Part Ill: TriQuint response to the Background Document

TriQuint would like to respond to these points der.

1. There is a desire by the French rapporteursamionize the CLP Classification of gallium arsenidé the IARC
opinion. The IARC Working Group then decided ttadligm arsenide was carcinogenic to humans (Groupdsed
on the fact that gallium arsenide releases a “snaatlount of its arsenic” once it is in the body, efhbehaves as
inorganic arsenic.

If the IARC monograph on gallium arsenide was basethe most recent scientific studies of the cangenicity of
gallium arsenide, it would make sense to harmothieeCLP classification with the IARC grouping. Hoxee, the
IARC monograph is not based on the most recentrégirding the toxicity of arsenic compounds. Tii@has
analyzed the citations used in the IARC monograpghsorted the approximately 121 citations in th&@GAdocument
into categories regarding how the citations wergun the monograph. (The term “approximately”sed because
some papers are cited within the text, but theioitds not shown at the end of the monograph, sischlliot et al
(1999)). The papers were segregated into the fallgwategories, again depending on

which section of the monograph the papers were aite

« Carcinogenicity

* Gallium as a cancer drug

* Gallium, Arsenic, Gallium Arsenide in Industry

* Gallium, Arsenic, Gallium Arsenide Metabolism

» Methods of Analysis

Selecting the Carcinogenicity and Ga, As, GaAs Meliam categories, we can see that the cited papege from
1949 to 2003, with the majority of the papers beimiten from 1984 to 2000.

3
3 .
Lz, A, Gass Metabelism
2
W Carcinogenicity
, TTTITTI IRRAAANI
u

el B R B . B R = e N T R - = B R T
R e e R R I e e R e I e e I e B e B e B
L—G‘CC‘.-DLT-.-C.--CIG'-LT‘C-IZ-"l._CG‘CDC"":?l:‘:'
= A A A A A A - 4 4 A A A A A = A A A A "R

The most recent Carcinogenicity paper cited iSGhger et al (2003) paper. It is interesting that YARC monograph

on gallium arsenide cites the Carter et al (20@®)ep, but only does so in section &dnetic and related effects
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However, the IARC group did not include the contdnsf the Carter et al (2003) paper on page 332:

It is concluded that only arsenic compounds ortsmiuspecies in the same oxidation state shoulcbbgpared.
Further, the arsenic compounds in an exposure dlumeasured before use in dose-response araksisksment
determinations.

The Petrick et al (2000) and Petrick et al (20CH)grs were also co-authored by authors of the Cetrtd (2003)
paper, so the opinions of the authors of thosensagre the same as Carter et al (2003). The Sgttdb(2000) paper
is reviewed in the Carter et al (2003) paper, wlitesays on page 311:

The MMAsIII formed was more toxic than arseniouglar DMAsIII when tested using the same cytotayici
experiments (Petrick et al., 2000; Styblo et &00@.

Conclusion 1. The Aslll and the AsV levels shoutd be combined but should be analzyed separatbly cirrent
preferred method of analysis that converts thenizssmpounds to the arsines followed by analysisgiatomic
absorption spectrophotometry should be changed.

In the Lancet (2009) article, only one other papegarding arsenic exposure is cited — the IARC 42@Bticle. No
new studies have been considered in the 2009 upktedecfore, the most recent papers cited in the IARC
monograph (with the exception of the NTP (2000) stly), unequivocally state that the various arsenicecies
with their different valence states need to be coiered separately. It is not possible to extrapola from one
species of arsenic compound to another, without aethiled review of the chemistry.

The only other paper from 2000 or later cited im BARC monograph is the NTP (2000) study, whichrfeithe bulk
of the data in the French dossier to classify gailarsenide. In the NTP (2000) study, only fem&é4-rats showed
any evidence of carcinogenicity. In the Backgrolmtument (on page 37), the rapporteurs make thafivlg
assertion:

Significantly increased incidences of alveolar/lofunlar neoplasms, benign pheochromocytoma of dnereal
medulla and mononuclear-cell leukaemia were obsrvéemale rats exposed to the highest conceatraiihere
was no evidence of carcinogenic activity in maks,raor in male or female mice. No carcinogenipogse was
revealed in the gallium arsenide instillation studth male hamsters. One possible reason for sesifsgity might be
a higher retention and lower clearance of galliugeaide particles from the lung of female rats carad to males
(Nikula, 2000).

In Thomas, et al (2007), the spontaneous incidehcgononuclear-cell leukemia (MCL) is examinedhe fFischer
F344 rat strain. In the Thomas, et al (2007) padéll. is referred to as LGLL (Large Granular Lymplyte
Leukemia). This paper evaluates the problems wathgithis particular rat strain in assessing hupanter risk.
Quoting extensively from the Thomas, et al (2008)qr (please see citations in original paper forenformation):

(Pages 7-8) - Table 3¢e belojvdocuments how the background incidence of LGLE®44 rats has steadily

-35-




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

increased over time. In addition, Haseman et 88%) reported a mean background LGLL incidence @6&nge
10-46%) in untreated male F344 rats and 17.3% & &r§8%) in untreated females.

Although, the reasons for the increased LGLL prened over time and the high study-to-study variitgialre
unknown, Rao et al. (1990) suggested that chamgeiagnostic criteria and a combination of genatid
experimental variables over at least 30 generatiwmg have contributed to the time-related incréase

LGLL. Haseman et al. (1998) summarized the spoatanécidences of neoplasia from 27 feeding stualies18
inhalation studies whose pathology evaluation reghlfinalized as of 1 January 1997. In this sttigy range of
LGLL in untreated male F344 rats varied from 32% 486 with an average of 50.5% in the feeding studied 34%
to 70% with an average of 57.5% in the inhalatiaies. In the females, it varied from 14% to 52#hwan average
of 28.1% in the feeding studies and 24% to 54% waitlaverage of 37.3% in the inhalation studies.

The latest background incidence of LGLL as of wgtihis review was reported again by Haseman ¢€2@03) and
is summarized in Table 2. In this study, for thedfstudies, these authors reported control LGLIdences of 59%
and 32% for males and females, respectively, gorendiet (NIH-07) and 52% and 24% in males and fesya
respectively, given another diet (NTP-2000). Theas a slight reduction of LGLL incidence in the tohmales
from the inhalation studies with an average of 46%1-07) and 47% (NTP-2000), but the incidencethimfemales
were 36% and 35% given NIH-07 and NTP-2000, regpagt These findings illustrate that the backgrdun
incidence of LGLL in F344 rats has been highly &alé and has more than doubled during the two @éscsidce the
report of Haseman et al. (1985), the reason(sivfach is (are) not well understood.
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TABILE 2
Time-Related Changes in Levkemia Incidence (%) in Unireated
Male and Female Fid4 Raig from 2-Year NCUNTP Smdies

Stuily st dules Iiabes Fenles Source
1971 14 21 Tahles 3 and 4
Hosemon and Roo, 1942

1572 (18] 73

1973 13 1.6

1574 197 132

1975 320 194

1976 A 1914

1677 . ] 188

1078 H4 1449

1979 281 12

1480 473 269

14981 527 251

1962 477 63

| a5 Zin

[GEA 19 ] (mpysron) als 2’1 [able |, Haweman

ef ol 100E
1 00000 | Mg 504 nz Table 5, Hosermnan
ef al., 2003
405 ] gog" 525 242
IHATT die (used by The NTF unmil 1595

“WTP-H000 dizt jused by the NTP sfiee 1005),

The rats and mice in the NTP (2000) study werelied\IH-07 diet (Appendix K, page 300 of NTP (20(
study), which results in a higher spontaneousaBMCL incidence. Using the data from the tablepage
30 of the Background Document, the incidence rad@L for female F344 rats is:

* 0 mg/m3 GaAs exposure — 22 out of 50 = 44%

* 0.01 mg/m3 GaAs exposure — 21 out of 50 = 42%

* 0.1 mg/m3 GaAs exposure — 18 out of 50 = 36%

» 1.0 mg/m3 GaAs exposure — 33 out of 50 = 66%

Overall, 94 out of 200 (47%) female rats had ino@is of MCL, which doesn’t seem to be related fwosxre levels.
While the highest incidence of MCL occurred at highest concentration of gallium arsenide, the ktviecidence of
MCL occurred at the second-highest concentratiagatifum arsenide. It is difficult to make any asia about
increasing gallium arsenide content causing ine@asrcinogenicity risk, using this data.

Quoting again from Thomas, et al (2007):

0)
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(Page 16) - It is also noted that LGLL effects werare often than not confined to one sex, whereambst tumors
evaluated in NTP studies, similar effects are fegtjly seen in males and females (with of coursegttteption of
reproductive system neoplasms). Since there areiliaiiiay factors known to affect leukemia in one saky (corn
oil), and the majority of carcinogenic effects agp® be sex-specific for this neoplasm, it seelaagible to
speculate that there may also be as yet unidehfidietors/modes of action that are unique to oreos¢he other for
inducing LGLL in the F344 rat.

Given the potential relevance of the F344 rat LGalthe rare human NK-LGLL and in light of the factdhat
complicate definitive interpretation of chemicaliretd increases in LGLL (i.e., that spontaneous LGLE344 rat
occurs at a high and variable incidence, is capatiteing modulated by dietary factors such as odrrand has little
evidence to support a mode of action [MOA]), ipieposed, like other reported recommendations (Macil,
2004) to adopt a “weight-of-evidence” approachemtstatistically identified increases in LGLL oceuith exposure
to a given compound. The “weight-of-evidence” apach, similar to the NTP’s rigorous evaluation @ggh, should
include assessment of the nature of dose-respanseio terms of incidence and/or severity, appidprhistorical
control data, reduction in latency time, reprodilitih or lack thereof when exposed through differeoutes,
reproducibility, or lack thereof when tested in taw strain or species, involvement of both sexaméy one,
comparative species metabolism of the administeoetbound, genotoxicity, cytotoxicity, and any othelevant
information. Most importantly, is there a biolodigdausible reason for tumor induction, or increhseidence? Doe
the chemical have toxic or carcinogenic effectd. GihLs or their precursors? In addition, increasing $tringency of
statistical analysis to further reduce the idecsifion of false positives is also recommended. ldeee detailed
analyses of LGLL “associated” chemicals in NTRassays along with their genotoxicity and subchurdoxicity
data may reveal a “model” LGLLinducing chemicahigh could be used for future studies aimed atrdeteng a
MOA for LGLL in the F344 rat.

Quoting again from Carter et al, (2003):

It is not possible to use animal data as a modédidionans or for the rat to serve as a model foerddtboratory
animals. It was a surprise when the results fromg{term animal studies did not model humans. ... @roblem with
early data from animals was that rats were useslius scientific committees have stated that thidynot
recommend rats for arsenic oxide disposition studie

The NTP (2000) study shows incidence of carcinogeity only to female Fischer F344 rats and not to nia
Fischer F344 rats, nor to mice (male or female), mdo male hamsters. Detailed studies have shown ththe
F344 strain of rat is especially sensitive to spoabeous incidence of MCL, and that rate of incidenchas
steadily increased since the 1970s to levels thatahown in the NTP (2000) study. Studies that shoavidence
of MCL to only female rats of this strain are not sifficient evidence of carcinogenicity.

2. Animal studies on DMA, a metabolite of inorgaaisenic, have demonstrated carcinogenicity.

This is taken from the Lancet 2009 article on Maapdp 100 (IARC, 2009), which contains an updatéwmenic. On

oY
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page 31 of the Background Document, the rapport@akse the statement:

The common metabolic pathway of elemental and moigyarsenic species was underlined: arsenatesnita's
methylarsonate _ dimethylarsenite (IARC, in préssicet, 2009).

On page 37 of the Background Document, the rapprtmake the statement:

However animal studies on DMA, a metabolite of gamic arsenic, has demonstrated carcinogenicityqéia 2009).
The Lancet article states:

On the basis of sufficient evidence of cancer caliseDMA in experimental animals, and because MMA i
extensively metabolised to DMA, both compoundsdassified as “possibly carcinogenic to humans’o(@r 2B).
Arsenobetaine and other organic arsenic compouradste not metabolised in humans are “not cladsd’ (Group

3).

It is not logical that DMA is only a Group 2B camogen, but because gallium arsenide can presumathbolize to
DMA, it is proposed to be classified as a Groumfcimogen.

Again on page 37 of the BD, the rapporteurs makecttimment that:
No threshold has been identified for the carcinggeffect of arsenic and it is assumed that theafscancer

increases linearly with the dose. This is why ERA& hpplied linear models when estimating lifetimsk r
(http://www.epa.gov/ncealiris/subst/0278.htm

This is an old study on the IRIS system (April 1988sed on data from the 1980s). More recently Cs#een et al,
2006), EPA has changed to using a Margin of Expo&MIOE) approach rather than linear extrapolatgae (U.S.
EPA, 2005).

To quote from Cohen et al, (2006) in their usehef MOE calculation for bladder cancer from mettadiadrsenicals:

To calculate the MOE for DMAYV, the no-observed-effevel (NOEL) from the 2-year feeding study (Alshet al.,
submitted; van Gemert and Eldan, 1998) should bgpeoed to a plausible human exposure. We havetsdldwe
value of 0.79 mg/kg/day for the NOEL. This prenesgit endpoint is based on bladdercell necrosishgpdrplasia
in the female rat and is conservative becauseapsoximately 10 times lower than the tumorigatose (van
Gemert and Eldan, 1999). To quantify a plausibledn exposure we used the U.S. EPA chronic dietimate of 2
x10-7 mg DMAV/kg/day for the U.S. population combihwith a hypothetical estimate of 2 x 10-6 mg
DMAV/kg/day for the maximum dose of DMAV consumeddrinking water. This yielded a hypothetical human
daily dose of 2.2 x 10-6 mg DMAV/kg/day. Based bis tdose and the NOEL from the 2-year rat bioagbey,
resulting MOE is about 360,000, which is sufficlghérge to demonstrate that DMAV is highly unlikeb be of
toxicological concern at plausible human exposures.
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Further statements in Cohen et al (2006) reganti@dinear dose response:

* Page 111 — “These two bioassays are consistémthé hypothesis that the dose response relaiposélhe
DMAV-induced carcinogenicity in rats is nonline&wmors occur only at relatively high doses.”

» Page 118 — “In addition, Kligerman et al. (20p8)sent figures showing that DMAIll-induced gendtity has a
linear dose-response. However, scatter in theatdtav doses does not appear to support line@itythe contrary,
their data strongly support a threshold responsaah of the presented assays. They suggestetvpasgults in
some assays at concentrations less tham,lbased on a linear extrapolation of the expertaletata. However,
statistically significant results at tested dosesuored only at doses higher thapM. The actual results at lower
doses were not statistically significantly differémm controls.”

» Page 123 — “In summary, although there are dapa gertaining to the actual mechanism of actich@DMAV-
induced rat bladder tumors, the weight of evideaadearly sufficient to support the mode of actafrcytotoxicity
and regenerative cell proliferation, and thererarénconsistencies. The key observation with athefproposed
mechanisms, including effects related to indirextaoxicity, is that the dose response is nonliresis the tumor
response.”

To again quote from Cohen et al, (2006)

In terms of the overall risk assessment of arsemiapounds, it is imperative to recognize that intgoairtoxicological
and metabolic differences exist between inorgarserdc, MMAV, and DMAV. Differences in the in vivo
metabolism, cellular uptake, and in vitro cytotdtyialistinguish inorganic arsenic from methylatedeanic
compounds. To the extent possible, risk assessameintisk management decisions should rely on teeaailable
science. Sufficient chemical and toxicological imf@ation is available to justify and enable the assent of MMAV
and DMAYV using chemical-specific data. Giving eatkenic compound separate toxicological consiaeraii risk
assessments is scientifically sound and consistiéimtevaluations of other compounds that exist idtiple forms
and exhibit distinct toxicological and chemical cderistics. Based on differences in toxicity, the&. EPA has
developed distinct risk assessment criteria fdediht forms of chromium (recognizing differenteate states), as
well as mercury, tin, and lead (recognizing differes in inorganic vs. organic forms) (U.S. EPA, ,.98004).

Thus, the most recent research does not support méar extrapolation, and a threshold level for DMAV
exposure does exist. There is no basis for the rapgteurs’ contention that because gallium arsenidean
presumably be metabolized to DMAYV, gallium arsenideshould be classified as a Carcinogen 1A. Thereatso
no data that supports the rapporteurs’ contention hat there is no threshold level for gallium arsenid exposure
or exposure to DMAV. The studies cited by the rappeurs are out of date, as EPA has now changed tesing a
Margin of Exposure (MOE) process, which shows thabMAV is highly unlikely to be of toxicological con@rn
at plausible human exposures.

3. Based on using the “read across” method, theneterapporteurs have classified gallium arsenidegshe
classification of other inorganic arsenic compouritise proper use of the “read across” method ismedliin the
OECD documenGuidance on the Grouping of Chemic@&€07).
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This document mentions two main approaches — tmital category approach or the analogue apprddmh.
purpose of using either of these two approachsidentify a group of similar substances to thiestance of
concern, and then “read across” the data at issue the “group” of chemicals to the substance aioeon. The
chemical category approach is to be used when Hrera large number of chemicals that fit withie tategory that
is being defined, while the analogue approachrisfioaller groups of chemicals. In our reading ef 8D, we have
assumed that the rapporteurs have used the anapgueach, as the number of chemicals they are aonwpis
rather limited, and do not contain any joint chéegistics other than containing arsenic as an aiimehe molecular
structure.

The approach for using the analogue approach éngivChapter 4 of OECD (2007) and consists oEfsst

4.2.1 Step 1: Identification of potential analogues

4.2.2 Step 2: Data gathering for the analogues

4.2.3 Step 3: Evaluation of available data for adey

4.2.4 Step 4: Construct a matrix of data availgpili

4.2.5 Step 5: Assess the adequacy of the analggureach and fill the data gap
4.2.6 Step 6: Document the analogue approach

We will work through the BD document to see if thisgdance has been followed by the rapporteurs:
Step 1: Identification of potential analogues

The rapporteurs have identified the following poi@ranalogues on page 31 of the BD:

* Diarsenic trioxide (CAS # 1327-53-3)

» Diarsenic pentoxide (CAS # 1303-28-2)

* Arsenic acid and its salts (no CAS #)

* Triethyl arsenate (CAS # 15606-95-8)

* Trinickel bis (arsenate) (CAS # 13477-70-8)

* Lead hydrogen arsenate (CAS # 7784-40-9)

The rapporteurs have duplicate entries for trietligenate. Clearly, the organoarsenic compoundsharidad
compounds should not be used as analogues, asctirep®unds are not inorganic arsenic oxides, wisithe claim
of the IARC and the rapporteurs. This reducesittef potential analogues to:

* Diarsenic trioxide (CAS # 1327-53-3)

« Diarsenic pentoxide (CAS # 1303-28-2)

* Arsenic acid and its salts (no CAS #)

Step 2: Data gathering for the analogues
The OECD (2007) document lists several physicocbahtsharacteristics that should be evaluated terdghe

whether the chemicals chosen are acceptable amspguch as:
* physical state
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* MW

* logkow and other partition coefficients (e.g. tHenry's Law coefficient

» soil organic-carbon partition coefficient)

* aqueous solubility

* particle size and structure

* vapour pressure

» melting point

* boiling point

We can construct a table of these 3 analoguesaltidrg arsenide and their readily available physk@mical
properties. These properties are widely availdilejn this case the CRC Handbook (63rd editiors used:

Gallium Diarse nic Diarsenic Arsenic
Characteristic Arsenide Trioxide Pentoxide Acid
Molecular weight 144.64 197 84 229.84 141.9
Melting point, °C 1238 3123 315 355
(decomposes)
Density, gfem” 5.32 3.738 4.32 20-25
Water solubility, <0.1 37@320°C 130 @ 16"C 32 @25
/100 cm” 10,4 @ 100°C | 767 @ 100°C i &
Valence state of -3 3 5 5
Arsenic in molecule
Physical State Gray cubic White cubic White White
crystals crystals hy groscopic tetrahedral
powder hygroscopic
powder

It is clear from this table, that there are sigmifit physicochemical differences between theseechasalogues,
specifically in the melting temperatures, solupilind valence states. However, as the BD rappartidrmot perform
this evaluation, they did not recognize that thegevery different substances.

Also, since the BD rapporteurs did not accompli®dp2 of the Guidelines, they did not accomplish afithe
subsequent steps. They did not evaluate the alailba for adequacy, construct a matrix of datalahility, assess
the adequacy of the analogue approach and filll&tt@ gap, and finally document the analogue approac

Since the correct “grouping” guidance was not foladl, it is difficult to understand how the rapparewere able to
identify adequate information to be “read acrossgallium arsenide.

It is interesting that on page 11 of the BD, thep@rteurs cite the Carter et al. (2003) documegnsdying that the
Carter et al. (2003) document reviewed the dataeiyamauchi (1986) and Rosner and Carter (1987nsaStated
in this manner, it would seem that the Carter ¢2@03) paper supported that the gallium and acs®wieties were
released from gallium arsenide in dangerous amounts

It would have been more accurate if the rapportbadscited the Carter et al (2003) paper’s conchssiOn page 326

in Carter et al (2003), the authors state:
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Summary of biological responses to GaAs

The biological activity of GaAs was in the lung base it was a deposition site and in the livetigeand immune
system because it could cause systemic effectsafsorption. These effects occurred from a contioinaf changes
caused by the GaAs in the particulate form, byiikeluble compounds formed after reaction with waded from
the soluble species that formed after dissolufidre toxicity of gallium appears to be limited by golubility and by
the solution composition of materials that coulddbor solubilize gallium. The toxicity of arsenippeared to depend
on the species formed during dissolution: arsinggrdous acid, or arsenic acid. It is clear thghlyi insoluble
arsenide semiconductors were less acutely toxit ¢g@al amounts of arsine or their more solubleraosis acid
products.[emphasis added]

In addition, even the Yamauchi (1986) paper stitas The low solubility and poor oral absorptiomymmake this
compound [gallium arsenide] less toxic that otmerganic arsenic compounds.”

On page 332 in Carter et al. (2003), the authonslode by stating:
Conclusions for arsenic oxides, gallium arsenidena arsine

An enormous number of arsenic compounds can be bexhise arsenic can bind to carbon atoms likegaitr, it
can change between a number of oxidation statesthN O, -lll, and it can bind to organic thiobmpounds like
metals to form complexes. It is a metal(loid) aad participate in many different kinds of reactions

Unfortunately, it is not easy to determine an aatioxidation state for arsenic that reflects dteptial reactions.
This is particularly a problem for intermetallicchmethylated compounds. Despite these problenssydékiew has
approached these arsenic toxicity comparisons ipxatation state-specific manner.

It is concluded that only arsenic compounds ortgmiuspecies in the same oxidation state shoulcbbgpared.

TriQuint has been in contact with one of the ppatiauthors of the Carter, et al (2003) paper +DNasken
Aposhian of the Department of Molecular and Cellldalogy of the University of Arizona, USA. Dr. Aighian was
kind enough to prepare a document (Aposhian, 20tt)will be submitted to ECHA regarding this prepd
classification. Dr. Aposhian is one of the world®st respected experts on gallium arsenide andiarsxicology.
To sum up Dr. Aposhian’s comments on the BD (emighiasoriginal):

1. The purpose of this report is to request the @itee to reconsider its May 25, 2010 report otigral arsenide.
Suggestions and recommendations are respectfidyeof

2. The present author believes that published statemésin peer-reviewed articles from various highly-
regarded arsenic experts that are quoted in this gsent report indicate that the read across methochsuld not
be used for gallium arsenide. There is insufficienévidence to equate the different arsenic compounds

3. There is published information which provideglence that GaAs acts differently than As relative
carcinogenicity. We doubt that total arsenic inegi/ironmental arsenic exposures is representativisk when there
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appear to be several different “most toxic arsepimpounds.”

4. Gallium arsenide is not found in nature and &hoot be judged by the same drinking water exposaenarios
that are used for the inorganic arsenic oxides.

5. The rat is an atypical and very poor mammaliad@hfor inorganic As or GaAs toxicity in humanselpublished
evidence is presented and cit¥@t, the RAC Background document appears to inapprpriately use the rat data
especially in the example of the carcinogenicity ifemale rats.

6. There are other factors, not considered in el & background document, which need to be consitieneproper
classification of GaAs with respect to carcinogépic

7. Summary of Reactions and Recommendations. It appeathat the RAC is completely disregarding major
points cited in the Carter et al (2003) paper whichis a widely quoted classic in the field of arseniand GaAs
metabolism and toxicity. Since GaAs behaves diffendly from other arsenic compounds, and since ratsra a
poor model for how the human processes arsenic, tlohange to a 1A recommendation is not scientificall
warranted and needs to be reconsidered.

In summary, the French rapporteurs did not perform a proper “read across” process. They did not analyz the
physicochemical characteristics of the analoguesély chose to compare to gallium arsenide. They dicbh
perform any of the subsequent steps to properly ushe read-across method that are recommended in the
OECD (2007) guidance document on the grouping of emical substances. In

addition, the papers that are being cited by the rpporteurs as evidence that gallium arsenide is cairmogenic in
their use of a flawed read-across method do not spprt such a classification. The authors of these jp&rs
uniformly think that gallium arsenide is much lesstoxic than the inorganic arsenic oxide compounds it the
rapporteurs have chosen to read-across from.

Part IV: General Comments on inaccuracies within tle Background Document
On page 7 of the BD, the comment is made that 81 1the electronics industry employed approximat&9000
workers in the USA, with over 500 plants manufaictgiisemiconductors.

It is unknown what the relevance of this statenienfhis is a statement about the general semiaiadindustry in
the United States from 30 years ago. It does nplyap the portion of the semiconductor industrgtthses or
manufactures gallium arsenide as its main substnaterial, which is a very small segment of therent
semiconductor industry. Nor does it have any apfibo to the European Union, which is where thespgsed
classifications would be necessary. It seems teastatement in the BD has been added to purpmgklie the scope
of the imagined “problem” of the gallium arsenidéustry. This statement has no relevance to thaifaeture of
gallium arsenide, and is highly misleading in ttasitext.

If the rapporteurs desire to use more recent a@ditaolugh still not applicable to the gallium arsEnindustry, but with
some EU data), TriQuint would recommend the follmyvi

* Boice et al (2010) —

In summary, our study provides no strong or coeststvidence of increased cancer mortality overally cancer
site in a large cohort of US workers employed imisenductor wafer fabrication.
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* Beall et al (2005) —
Problem: We evaluated mortality during 1965 to 1999 among,826 workers at two semiconductor facilities and
one storage device facility.

Method: We compared employees' cause-specific mortaligsraith general population rates and examined
mortality patterns by facility, duration of emplognt, time since first employment, and work activity

Results: Employees had lower-than-expected mortality ové&lr9 observed deaths, standardized mortality rati
[SMR] = 65; 95% confidence interval [Cl] = 64-6T9r all cancers combined (2159 observed, SMR =988 Cl =
75-81) and for other major diseases. Central nerggatem cancer was associated with process equtipme
maintenance at one of the semiconductor facil{ti€sobserved, SMR = 247, 95% CI = 118-454). Prestahcer was
associated with facilities/laboratories at the agerdevice facility (18 observed, SMR = 198, (5%=QI17-313).

Conclusions:Further evaluation of workplace exposures or inddpat investigations of similar occupational grou
may clarify the interpretation of associations oled in this study

» Bender et al (2007)
Aims: To evaluate cancer incidence among workers at astititfes in the USA that made semiconductors and
electronic storage devices.

Methods: 89 054 men and women employed by Internationalriass Machines (IBM) were included in the study
We compared employees’ incidence rates with gempenadilation rates and examined incidence patteyriadility,
duration of employment, time since first employmenanufacturing era, potential for exposure to yptake
environments other than offices and work activity.

Results: For employees at the semiconductor manufacturiciitfa the standardised incidence ratio (SIR) &ir
cancers combined was 81 (1541 observed cases, @fidence interval (CI) 77 to 85) and for thoséhat storage
device manufacturing facility the SIR was 87 (18b8erved cases, 95% CI 82 to 92). The subgroupmpfoyees
with _15 years since hiring and _5 years worked@eib% fewer total incidents than expected. SIR®wereased
for several cancers in certain employee subgrdugsanalyses of incidence patterns by potentiabswpe and by
years spent and time since starting in specifidvaativities did not clearly indicate that the esses were due to
occupational exposure.

Conclusions:This study did not provide strong or consistentlence of causal associations with employment
factors. Data on employees with long potential aidun time and many years worked were limited. Rerrtfollow-up
will allow a more informative analysis of cancecimtence that might be plausibly related to workplagposures in
the cohort.

* Darnton et al (2010) — This is a follow-up studythe McElvenney et al (2003) study that is listethe
Introduction to The Monographs on Gallium Arsengahel Indium Phosphide in Monagraph 86 (IARC 2006). |
contrast to the information in the IARC (2006) mgraph, new research shows that there are no canpegarding a
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link between working at a semiconductor facilitydahe incidence of cancer:

Our new research does not support the earlier cosebout a link between working at NSUK and depieig
cancer, especially when taking account of new métion about cancer at two IBM semiconductor faetin
America.

The evidence from this most recent study does rhpt HSE to recommend any further epidemiologieakarch in
the way the evidence from previous study did. Iy ease there is no such research that could bewlitiia the
NSUK setting at this stage.

Aposhian, H. Vasken, PhD, (201Rpactions to and recommendations for modifyingBéaekground document to th
Opinion proposing harmonized classification anddiihg at Community level of gallium arsenide ECHACRCLH-
0000000792-73-03-A1 Which was adopted 25 May 20@Duscript prepared by Dr. Aposhian for submis$io
ECHA/RAC on April 18, 2011.

Arnold, L.L., van Gemert, M., Eldan, M., Nyska, And Cohen, S.M. Submitted.
Dimethylarsinic acid: Results of chronic toxicitgtmgenicity studies in Fischer F344 rats and B6CB8fite.
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47(10):996-1014.
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United States /
Bogdan Golja / WIN
Semiconductors /
Company-Downstream
user

ECHA comment: The attached document (WIN Commar@ads Classification.pdf) is copied below.

Position of WIN Semiconductors 20th April 2011
On “Opinion of the Committee for Risk AssessmentRAC) proposing harmonized classification and labelig
at EU level of Gallium Arsenide adopted 25th May 200"

As a pure play GaAs foundry services company thendaized Classification and Labeling case of Galliirsenide
is of particular concern to WIN Semiconductors. Wiibvides a technology portfolio centered on Gaas<ol
products. Our global customers provide solutiomsyiobile communications, satellite communicatiare|ular base
stations, WLAN , high frequency measurement systentsGPS. Any classification, particularly one tinapacts a

global industry, needs to be made based on alladolaidata. It is critical that the most up to dewélence and data

Your comments on use o
gallium arsenide are
noted. However use of a
substance is not relevant
for the classification
which is a result of
assessment of intrinsic
properties of the
substance. Assessment ¢
the hazard properties of
GaAs as a substance ang
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are used to reach a comprehensive, scientificabet decision.

GaAs is a compound which behaves differently fraheoAs compounds; and, in addition, it acts défety from
As, as far as carcinogenicity is concerned (Cated, 2003). WIN has been manufacturing GaAs eleats for over
ten years and is well aware of the epidemiologitadlies that have been performed in the GaAs sewhigior
industry (Beall et al [2005], Bender et al [2007hese studies did not indicate increased cansles dttributable to
As exposure. The accumulation of As in workersplagd in this industry, is not supported by thelflted data. It
appears that this data indicating the absencecofralation between cancer and the work environmeast not
considered when the read across approach wastmkek the carcinogenicity of As203 with GaAs. Beetwo
compounds behave very differently with differentdation states and water solubility (GaAs: <<1 gis203: 660
g/L). Carter et al, 2003 stated: “It is clear thaghly insoluble arsenide semiconductors were desgely toxic than
equal amounts of arsine or their more soluble @wseracid products”. The oft-quoted Carter reviganves an
unambiguous conclusion with respect to GaAs stdtimgre is insufficient evidence to equate theatiht arsenic
compounds.”

The Carter et al review is cited in a number ofanses by the RAC without extensive elaboratiomngjthe
impression that the Carter review supports the gseg classification of GaAs. However, a readinthefpaper leads
to quite different conclusions. In addition, to Barter et al review the Yamauchi (1986) paper cented that “The
low solubility and poor oral absorption may makis tompound [gallium arsenide] less toxic that otherganic
arsenic compounds.” Neither of these papers suppitgtRAC opinion on the proposed classificatioGaf\s; and,
in fact, should have been instrumental at arridghg much different opinion.

Studies have shown that the rat is an inappropaiaiteal from which to draw conclusions about Ascoagenicity in
humans (Carter et al, Vahter et al). To quote f@Zamter et al [2003], “It is not possible to usenaai data as a model
for humans or for the rat to serve as a model floerdlaboratory animals. It was a surprise wherrdisalts from long-
term animal studies did not model humans”. It isafcern when the opinions and conclusions of stibjatter
experts are not openly considered when determii@garcinogenicity of GaAs in humans. In fact ré@vidence
has emerged that the F344/N rat has been discedtiinam use in Toxicity Studies, King-Herbert artthyer [2006].
It appears that the chronic inflammatory effectparticles are probably more responsible for thepfeestic
transformations observed in animal species, thartéincinogenic effects of GaAs.

In conclusion, it does not appear that the totalftthe available data provides compelling evideiocghe
classification of GaAs as carcinogenic. WIN regsi¢sat the proposed classification of GaAs be restktaking into
account all the available evidence in order tovaret an appropriate classification. WIN, in itdiylaperations, has
done the due diligence and put measures in plakeegp employees safe. This was done by a thorongérstanding
of GaAs, together with the studies that providedgace in its use and handling. WIN merely requibststhe RAC
employ the same due diligence in order to reaabnalasion supported by current scientific evidence.

Bogdan Golja
Senior Director, Marketing and Sales
WIN Semiconductors

risk assessment from
exposure related to usag
of GaAs in the
microelectronic industry
are different things.

For RAC evaluation of
Carter et al. (2003) pleas
see point 6) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

The F344/N rat is known
to have high background
incidences

of certain types of tumorg
including testicular
interstitial cell tumors and
mononuclear cell
leukemia, and was
discontinued from use by
NTP because of this.
Regarding your comment
on effects from particles,
please see point 3) of the
Annex to RCOM
(Additional response to
comments).

We are happy to hear thg

11%

1)

D

—

-48 -



Date Country/ Person/ Comment RAC response
Organisation/
MSCA

No. 358, Hwaya 2nd Road, you provide a safe

Hwaya Technology Park Kuei Shan Hsiang, working environment.

Tao Yuan Shien 333, Taiwan However classification is
based on assessment of

References the intrinsic properties of
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21/04/2011 | Germany / Following reference dealing with carcinogenicityaséenic compounds might be helpful for the RA@u@ksion on | Thank you for your

Frauke Schroder /
Member State

GaAs: Tokar, E.J et al, Critical Rewiews in Toxmgy, 210; 40 (10):912-927 (see attached cover note)

ECHA comment: The attached document (CritRevToxp@f)ds copied below.

comment. This paper is
mentioned in the opinion.
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’

Critical Reviews in Toxicology, 2010; 40(10): 912-927 !1"!1;0 rma
ealthcare

REVIEW ARTICLE

Cancer in experimental animals exposed to arsenic and
arsenic compounds

Erik J. Tokar?!, Lamia Benbrahim-Tallaa? Jerrold M. Ward?, Ruth Lunn*, Reeder L. Sams II%, and
Michael P. Waalkes'’

!National Toxicology Program, National Institute of Environmental Health Sciences, and Laboratory of Comparative
Carcinogenesis, National Cancer Institute at the National Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina, USA, )IARC Monographs Section, International Agency for Research on Cancer, Lyon, France,

3Global VetPathology, Montgomery Village, Maryland, USA, “Report on Carcinogens Office, National Toxicology Program,
National Institute of Environmental Health Science, Research Triangle Park, North Carolina, USA, and *National Center for
Environmental Assessment, Office of Research and Development, US Environmental Protection Agency, Research Triangle
Park, North Carolina, USA

Abstract

Inorganic arsenic is a ubiquitous environmental contaminant that has long been considered a human carcino-
gen. Recent studies raise further concern about the metalloid as a major, naturally occurring carcinogen in the
environment. However, during this same period it has proven difficult to provide experimental evidence of the
carcinogenicity of inorganic arsenic in laboratory animals and, until recently, there was considered to be a lack
of clear evidence for carcinogenicity of any arsenical in animals. More recent work with arsenical methylation
metabolites and early life exposures to inorganic arsenic has now provided evidence of carcinogenicity in
rodents. Given that tens of millions of people worldwide are exposed to potentially unhealthy levels of envi-
ronmental arsenic, in vivo rodent models of arsenic carcinogenesis are a clear necessity for resolving critical
issues, such as mechanisms of action, target tissue specificity, and sensitive subpopulations, and in developing
strategies to reduce cancers in exposed human populations. This work reviews the available rodent studies
considered relevant to carcinogenic assessment of arsenicals, taking advantage of the most recent review by
the International Agency for Research on Cancer (IARC) that has not yet appeared as a full monograph but has
been summarized (IARC, 2009, IARC Special Report: Policy, Vol. 10. Lyon: IARC Press, 453-454). Many valid stud-
ies show that arsenic can interact with other carcinogens/agents to enhance oncogenesis, and help elucidate
mechanisms, and these too are summarized in this review. Finally, this body of rodent work is discussed in light
of its impact on mechanisms and in the context of the persistent argument that arsenic is not carcinogenic in
animals.

Keywords: Arsenicals; carcinogenesis; inhalation; mouse; oral exposure; rat; rodents; transplacental exposure

Abbreviations: DMBA, 7,12-dimethylbenz{alanthracene; TPA, 12-O-tetradecanoyl phorbol-13-acetate;

CSC, cancer stemn celi; DES, diethylstilbestrol; DMAY, dimethylarsinic acid; DMAY, dimethylarsinous acid;

GD, gestation day; IARC, International Agency for Research on Cancer; IT, intratracheal installations; i.v.,
intravenous; MMA™, methylarsonous acid; MMAY, monomethylarsonic acid; NSF, National Science Foundation;
NTP, National Toxicology Program; NaAsO,, sodium arsenite; SCC, squamous cell carcinoma; SC, stem celi; s.c.,
subcutaneous; TCC, transitional cell carcinoma; TAM, tamoxifen; UV, ultraviolet irradiation; UB, urinary bladder;
UGS, urogenital system.

21/04/2011

Germany /
Dietmar Schmitz /
AIXTRON SE /
Company-
Manufacturer

ECHA comment: The same comment was also submétad attachment (AIXTRON GaAs.pdf).
20 April 2011

To: European Commission ECHA
From : AIXTRON SE

Thank you for your
comments.

Your comments on use o
gallium arsenide are
noted. However use of a
substance is not relevant
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Subject: Risk Assessment Committee concerningudalArsenide:
Opinion proposing harmonised classification anelizlg at Community level of gallium arsenide ECHC/CLH-
0000000792-73-03/F

On behalf of AIXTRON SE, | am writing to requestespening of the recommendation procedure for ifleaton
of gallium arsenide.

We are considered world leading manufacturer ofigpequipment for growth of crystalline layersamimpound
semiconductors with our principal office in Eurofur products are used for production of advandectrenic
devices. We are performing development work in déjom processes and process hardware. In the segudé
doing so Gallium arsenide is present in our dailyimnment as a solid and inert material. Awar¢hefpotential
hazards arising from the single constituents oadhiag of substances is subject to very seriodsasgsessment
procedures.

We follow a clear zero-emission policy for hazarglgsubstances from our work environment. Our exgeit also
used to effect safe work conditions and awaremeti®ei industrial application of our products.

Being a major participant in European compound senductor industry we were not made aware of tiggra
opinion which was adopted on 25 May 2010. We faehgly that the procedure used by the Risk Asseatm
Committee (RAC) of ECHA to determine the CLP cléisation for gallium arsenide is not fully approgte to
determine whether or not gallium arsenide represatiiological risk.

Carefully assessing the “read-across” approachafgigns to gallium arsenide the toxicity of raedlatempounds like
arsenic or arsenic oxides appears not relevanthé\same procedure applied to commonplace sulestdike table
salt would imply the same toxicity to it as chlajrone of its constituent chemicals.

We support the REACH initiative of the European @assion and its classification of biologically haedeus
materials, provided of course that each classiiodte determined by a rigorous and scientificallpported testing
procedure. It is critical that these tests meatheénnate toxicity of the material being citedt ite form or its
apparent relationship to some other material thet be toxic.

GaAs is used in a wide field of electronic devisash as high frequency transistors applied in ieit
telecommunications and signal processing. Moreopéwelectronic devices such as LEDs and semicoadiagers
applied in display, data storage and handling bas@aAs for a significant part. Finally in renewakhergy
technology for harvesting Solar energy through B¥itaic devices GaAs plays a substantial roleéhé&perception
of AIXTRON SE there is no immediate replacement trauld take the place of this material in a tedbgyp field of
such great importance for the European Market.

Recommendations about its continued use shoulddae marefully, using contemporary scientific stadddhat are
relevant both to gallium arsenide and to the wagy itsed in various applications. Such a procethag be more

for the classification
which is a result of
assessment of intrinsic
properties of the
substance.

Regarding your comment
on read-across, please s¢
pointl) of the Annex to
RCOM (Additional
response to comments).

Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

£e
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costly and time-consuming, but would be easilyifiest by the economic and technological importaatthis
material.

A restriction in applicability of the material cémply a risk in fading of technological advantagé&uropean Hi
Tech industry that may have been gained over adppgjcation of solid scientific development applyiand
disseminating example safety assessment and stindatditional risk is to lose the control and ughce to regions
outside Europe potentially less aware of envirortaldmealth and safety standards.

We are pleased by the decision of the Commissisaview the RAC opinion on the CLP classificatidrgallium
arsenide with respect to the endpoint carcinogsnici

We regard it necessary however, that the RAC opiniothe CLP classification of gallium arsenideals® reviewed
with respect to all endpoints and in particularwitspect to the endpoint fertility.

Sincerely,
Dietmar A. Schmitz

AIXTRON SE
Vice President Corporate Technology Transfer

21/04/2011

Germany / European
Technology Platform
Photonics21 / Industry
or trade association

ECHA comment: The attached document (REACh_Pha&higocx) is copied below.

To: European Chemicals Agency
From : European Technology Platform Photonics21

Subject: Risk Assessment Committee concerning Gallium Arsede:
Opinion proposing harmonised classification and laélling at Community level of
gallium arsenide ECHA/RAC/CLH-0000000792-73-03/F

Submission on-line ahttp://echa.europa.eu/consultations/harmonisednaspe

On behalf of the European Technology Platform Phieg21 | am writing to request a reopening of the
recommendation procedure for classification ofigailarsenide.

We feel strongly that the procedure used by th& Rgsessment Committee (RAC) of ECHA to determhe€LP
classification for gallium arsenide is not apprapgito determine whether or not gallium arsenigeaszents a
biological risk.

Thank you for your
comments.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional

response to comments).

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

£e

D

beginning of this
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In particular, the Read-Across approach was applieitbut sufficient proof of the appropriatenesheTapproach
was used to overrule the toxicological test findidgspite strong evidence that the carcinogeriéigrsenicals is
likely to have a threshold below which there iscaocinogenic activiti

The supportive value of the epidemiological studiethe semiconductor industry was not recognitieekeby
ignoring the existence of exposure data in thisisg’*

We support the REACHh initiative of the European @assion and its classification of biologically hedaus
materials, provided of course that each classifiodte determined by a rigorous and scientificallpported testing
procedure. Itis critical that these tests measiug innate toxicity of the material being citadt its form or its
apparent relationship to some other material thet be toxic.

Gallium arsenide is present in our daily environtrena solid and inert material. It is used to entlinsistors and
lasers. The transistors are required for everyilmtdlephone. There is a gallium arsenide las@&very CD player,
and also in every industrial solid-state laseredghare used to cut and weld steel on automolsitddy lines and in
critical surgical operations on the eye. Galliuseaide lasers are widely used for amplificatiomiodern optical
fiber telecommunications. In the opinion of Phmats21 it would be very hard to imagine a worldhwiit mobile
telephones, fiber-optic telecommunications, CDs, leay surgical procedures. We do not know of aiwgiomaterial
that could serve as a substitute.

It is a material of such importance, that recomnaginds about its continued use should be madeubrefising
contemporary scientific standards that are relelatti to gallium arsenide and to the way it is usedarious
applications. Such a procedure may be more castiytime-consuming, but would be easily justifigttioe
economic and technological importance of this mialter

We are pleased by the decision of the Commissioawiew the RAC opinion on the CLP classificatidrgallium
arsenide with respect to the endpoint carcinognici

We regard it necessary, however, that the RAC opion the CLP classification of gallium arsenideals® reviewed
with respect to all endpoints and in particularwitspect to the endpoint fertility.

Sincerely,

document.

Your comments on use o
gallium arsenide are
noted. However use of a
substance is not relevant
for the classification
which is a result of
assessment of intrinsic
properties of the
substance. Assessment ¢
the hazard properties of
GaAs as a substance ang
risk assessment from
exposure related to usag
of GaAs in the
microelectronic industry
are different things.

Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

=

)

11%

% Dr. Ernst M. Bomhard, Comments on the RAC Opinion on Gallium Arsenide, Jan. 2011

® Dr. Ernst M. Bomhard, Derivation of a DNEL (Inhalation local and systemic) for Gallium Arsenide, 15 November 2010
* Gallium Arsenide -Position of ZVEI — German Electrical and Electronic Manufacturers Association

On "Opinion of the Committee for Risk Assessment (RAC) proposing harmonized classification and labelling at Community level of Gallium Arsenide, adopted 25th May 2010" Frankfurt am Main, 28.
January 2011
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Bernd Schulte
Vice President, Photonics21 European Technologydpia
Executive Vice President and Chief Operating Offiéd XTRON
21/04/2011 | Germany / European Chemicals Agency Thank you for your

AZURSPACE SOLAR
POWER GmbH /
Company-Downstream
user

Annankatu 18, P.O. Box 400
FI-00121 Helsinki, Finland

Heilbronn, April 20, 2011

Gallium Arsenide harmonized classification challiexgghe credibility of REACH and affecting European
Semiconductor industry, photovoltaic, aerospaceastrg, military and photonic industry

Greetings:

European REACH process has been shared and suppgrfeZUR SPACE Solar Power GmbH in cooperatiorhwit
our suppliers and customers since 2008. The haradmlassification and labelling process of Gallidreenide has
raised our attention and serious concern.

Our major concerns are :

- the nontransparent way this substance has bsenssezl under the new REACH rules

- the challenge this precedent causes for REACHtarsfakeholders within ECHA

- a long term threat for whole European compoumdig@nductor industry and market — especially thesgace
industry, concentrated solar power, wireless comaation, laser and photonics, LED lightening thaams threat to
the most important future technologies.

1. Gallium Arsenide (GaAs) is the key semiconducteterial for a wide family of applications, fardustry,
national safety and infrastructure. Mobile phords)s for cars and lightening, remote control, CBID displays,
as well as mobile communication networks, microweagar, laser technique and solar power for Eunogeace
application and recently introduced highly effidieoncentrator photovoltaics (CPV) might be listesdwell known
examples.

GaAs is used as a basic substrate (supplied asv#fer) for the mentioned device structures growrap of them as
single crystalline layers as well as a basic ctargtnal material within these layer structuresdnnot be replaced
from physical reasons - its structural and semiaetat properties - without loosing most of thespligpations.

It is well known that GaAs is very stable undermal conditions and behaves completely differentgared to its
components from the hazardous point of view.

It has to be mentioned that within industrial preiilon this material is handled in closed cycles pratesses to mee
the demands of specification, technology, purityaldy and human and environmental safety as \weially all
mentioned devices are encapsulated like everyrelactdevice not allowing any human contact to ahthe device
materials. Waste management and recycling is vedihed and established.

2. AZUR SPACE Solar Power GmbH is a world leadiegaloper and manufacturer of high efficient GaAsiso
cells for space and terrestrial applications. Caempdo silicon or thin film photovoltaics the Gasckable solar cel
technology will allow in future very high efficiepdeyond 50 %. More than 40 % have been achievedmly.

comments.

Your comments on use o
gallium arsenide are
noted. However use of a
substance is not relevant
for the classification
which is a result of
assessment of intrinsic
properties of the
substance.

Regarding your comment
on the Annex XIV,
eliciting the authorisation
regime please see the
response to Germany /
Christian Eckert / ZVEI /
Industry or trade
association earlier in this
document.

Quantitative risk
estimation is not a part of
the assessment for the
classification of a
substance. In the
preamble to the IARC
Monographs (amended

t January 2006) that you
refer to it is also stated
that “A cancer ‘hazard’ is
an agent that is capable ¢
causing cancer under
some circumstances,

| while a cancer ‘risk’ is an
estimate of the

of
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In case the irreplaceable key material GaAs woekkrtheless be included into Annex XIV of REACH for
substances of very high concern (SVHC) followedaliyme limited authorization, AZUR SPACE Solar PovnbH
and its customers would be essentially affectedndigg

- the reliable delivery of GaAs wafers from Europeefer manufacturers for testing, developmentdasdce
production as explained above due to a directdirént impact,

- risk of restriction under Annex XVII which woulffect even the GaAs material internally synthesgiaed included
in the device structures of our products

- risk on long term trust and supply reliability four customers manufacturing solar cells forGglileo GPS system
Meteosat, diverse communication satellites, spasedbenvironmental monitoring systems as well asgaan
concentrator photovoltaic (CPV and CHP) power sietiin the Mediterranean area.

- risk of interrupting the European adding valuaioh{starting with the GaAs wafer manufacturingd dme physical
supply chain as well as for this strategic basitemia for the compound semiconductor applicationder strategic
interest of EC comm.

- risk of preferring other global suppliers agaitng European ones due to the regulation ruleb@basis of a
substance inclusion into Annex XIV .

3. In 2006 IARC classified gallium arsenide as wargenic for humans (group 1) /1, p.163-190/.

In 2009 gallium arsenide was submitted by the Hreboempetent Authorities to the risk assessment dttegrof
ECHA as a transitional classification dossier, @ligph it remains unclear for what reason, givendbk of priority
due to the absence of exposure /2/.

RAC drafted an opinion and background documenherfFrench proposal that was adopted on May 25,.2lH&®)
substance was recognized by RAC as a Carcinogess Cimand Reprotoxic substance Class 1b /3/.

At RAC meeting March 8th-10th 2011 a reopeningulft consultation has been decided starting éaaly at the
next day, March 11th, without premature public amm@ement to prepare for this consultation.

During our application of the REACH process in gahand study of the GaAs classification relateduoents in
detail we noticed some serious oddities in thetent and the classification process itself:

a) IARC formulated in 2006 its basic approach tha Monographs represent the first step in camgpémic risk
assessment, which involves examination of all @nformation in order to assess the strength@fvailable
evidence that certain exposures could alter the@mce of cancer in humans. The second step iditptare risk
estimation. Detailed, quantitative evaluationsmiflemiological data may be made in the Monograpbaswithout
extrapolation beyond the range of the data availa@luantitative extrapolation from experimentabdatthe human
situation is not undertaken“ /1, p.9/.

Thus any quantitative extend and extrapolation bdybe summarized data has been excluded by thitet
approach of this monograph.

In contradiction to this, for GaAs a detailed caogjenic classification has been proposed. The medjagissessment g
the human related relevance of the cited data dsw/éhe biological “mode of action” have not begven therein.
b) This monograph and its original data source waised in detail later in 2009 and recently /Z7p/4,p.3/. The
limited evidence of this IARC monograph for huméas been acknowledged therein.

c) A recent review of all available GaAs relatetentific toxicological data /4/ has revealed th&RIC monograph
and the RAC opinion background document obviouslyelnearly completely ignored last ten years litesaabout

carcinogenic effects
expected from exposure
to a cancer hazard. The
Monographs are an
exercise in evaluating
cancer hazards, despite
the historical presence of
the word ‘risks’ in the
title. The distinction
between hazard and risk
important, and the
Monographs identify
cancer hazards even whg
risks are very low at
current exposure levels,
because new uses or
unforeseen exposures
could engender risks that
are significantly higher.”

For discussion of your
comments on exposure
and the IPC Comments @
Fine Particulate Matter
(your ref /5/), please see
response to United State
/ John Sharp / TriQuint
Semiconductor, Inc. /
Company-Manufacturer
later in this document as
well as under point 3) ang
comments on
bioavailability under point
4) of the Annex to RCOM
(Additional response to

f comments).

We note that you have
provided us with exposur
measurements from
AZUR, and that these

is

N

]

1)

-B5 -



Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

this item and arsenide mode of action evaluation.

d) A lot of industrial reports including practidaiman exposition studies have been skipped ad4yeih.5/, also
those informed about already in 2009 during pubdiosultation /5/. These results show that pracfisagxposition
concentrations in GaAs related working areas athdrrange of <50ug/m3 . This concentration is linatthat
practically no proven relation to production vergasironmental background concentration or ofterchmhigher
food related influence (fish!) could be concluded.

e) Upper results in d) have been approved by measnts of As-containing dust at our semicondu@tbniork
places by the certified institution TUV Siid in 208&d 2008 /6, 7/. All measurements have been fombe within a
25 to 35ug/m3 range independent of the distan&aths handling work places.

f) Nevertheless the French Competent Authoriti@@ and RAC (in 2010) respectively adopted thenfarlARC
classification apparently without further appraisiimore recent empirical data. Especially RAC wlid evaluate the
quality and validity of the quoted original datadgsublications cited and performed by the RAC fts@herefore, the
RAC approach and its conclusion unfortunately doreftect today’s understanding the toxicology cfemicals !!

g) We have realized that selected carcinogenidenitity affecting findings at test animals havedn considered
under extreme GaAs and As exposition scenariodBdd citation therein/ — many orders above thistEa
concentration found in the air at GaAs related wadces (see d+e above). They were limited to egly
concentration, to specific toxic effect not considg others or to specific animal species or sdgoAome results of
comparable studies contradict each other. Theieg¢moxicological validity, the approval of suast conditions for
human related conclusions, the transfer of thesatseby an approved “mode of action” to human ieffam and its
guantification by proven thresholds kept open.

h) The read across principle has been widely us#dnathe RAC opinion and its background documavie
identified from literature in example that a mapawlogical resorption of As from GaAs as well ae issumed basic
bioavailability of DMAv have not yet been well p@wv. Concentration and particle effects have not Iseparated in
the exposition tests of the lung tissue. A prowaation between the DMAv concentration and theioagenicity
have not been demonstrated either.

Finally the application of the read across prireifdr GaAs vs. other As containing compound isatej@ in general
by many experts due to the lack of chemical andsighay comparability and quite different metaboligm5,
8,9,10,13, 16/.

i) It would have been more accurate if the autledthie BD and rapporteurs would have cited papensptetely. To
give only two examples:

- The Carter et al (2003) paper’s conclusions. @ged326 in /15/ the authors stated, that “..itesucthat highly
insoluble arsenide semiconductors were less actariy than equal amounts of arsine or their motalde arsenious
acid products” (see more in detail also /4, 14HisTs in contradiction to the citation of BD ongeall and suggestio
drawn from there.

- BD cites industrial exposure and employee data.th.2.1/ that are very old and obviously confue compound
semiconductors issue with much bigger silicon sentcictor industry.

- All that causes doubt of a serious, scientifid anbiased way of evaluation of data and infornmatigthin this
evaluation process.

4. AZUR SPACE Solar Power GmbH principal concerns :
As non-toxicologists , but technicians, physicestsl material scientists we are very familiar wigstypractice

indicate low exposure.
However assessment of
intrinsic properties for
classification does not
include assessment of
exposure.

Regarding your comment
on the concentrations in
animal studies, we would
like to state that the test
protocol in the NTP study
in rats (NTP, 2000)
followed OECD test
guideline 451,
concentration wise. We
acknowledge that similar
air concentations does ng
take place in the
semiconductor industry.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional
response to comments).

Regarding comments on
bioavailability, please see
point 4) of the Annex to
RCOM (Additional
response to comments).

>

Regarding your comment
on particle effect, please
see point 3) of the Annex
to RCOM (Additional
response to comments).

The ultimate carcinogenid
form of arsenic has not

£e
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scientific approaches and methods to analyse prahlformulate theories and draw conclusions. Ingamson to
ch.3. (above) it seems to be, that RAC has notnese self-evident rules in the case of GaAs etialussummarized
in the OECD and CLP guidelines for classificatiow aead across /11,12/.

Our concerns are with respect to this case:

a) The validity of GaAs recognition by RAC as a €aogen Class 1a and Reprotoxic substance Class 1b,

b) The way the assessment process is proceeded, i.e

- the application of the read across principleuegdifferent materials, like the stable GaAs #malsoluble Arsinic
oxides

- Obviously many scientific papers have been exaduiiom the RAC assessment or cited in a very setemanner.
- within RAC assessment occurrence, distributtmmcentration and exposure opportunities of antaayenout of
consideration. That results in serious conflictpitactical reality.

c¢) Exclusion of the reprotoxic properties from the&rent public consultation as well as its limitaitito “new” results
without a definition of what that might be in thght of our claim above.

d) RAC opinions and decision play a very substanig for decisions of EU commission for stronguation and
authorization followed the Appendix X1V list. Alsether administration and regulation processesarlthese
decisions like CLP and RoHS. Therefore the relighitransparency and scientific accuracy of ECHA &AC is of
very high importance.

e) Indicated GaAs key material uncertainty will eitie all customers and will exclude any long teantract or
program. Customers then will buy outside Europe.

5. The AZUR SPACE Solar Power GmbH expectations are

a) Please reopen the GaAs evaluation processfirassessment of all CMR criteria on the basialbavailable
scientific results due to the obviously insuffidiegientific evaluation procedure until now witiRAC.

b) Please review crucially the validity of RAC gpdipation of the read across principle even on &uizes with
totally different properties — like the stable GaAs other soluble As compounds.

c¢) Please be aware of the importance of RAC and &A@¢&tisions regarding the substance evaluatiomnigtfor
REACH but to all other European and national reiiuteprocesses touching substances, their manuifiagtwse and
handling. Therefore the scientific accuracy anddparency of ECHA and RAC should be improved arsdiesd.

d) Please include also an appropriate assessm#rg otcurrence, distribution, concentration angbsxre
opportunities within the RAC evaluation of subs&sas it has been announced within the basic agpafeE CHA.
Be aware of the drawback of an isolated substanaecterization within REACH evaluation processiltgt
separated from the evaluation of occurrence, egiidin, handling and socioeconomical aspects $érand
unsteadiness of industrial application and per$pecfAn authorization phase years later could hsbéb this threat.

Appendix:

AZUR SPACE Solar Power GmbH as an ISO 14001 gedlifiompany is open for information and demonstnatio
GaAs processes including the products content aesaly

References:
/1/ IARC Monographs on the Evaluation of CarcindgdRisks to Humans, Vol.86(2006)

yet been identified, as
elucidated in 2010 in a
paper by Tokar et al.
(2010) . However, RAC
believes that there is
sufficient information
showing the systemic
release of the same
arsenic ions and
metabolites following
GaAs exposure as
following exposure to
classified carcinogenic
inorganic arsenicals, and
that this must be given
weight in the weight of
evidence analysis.

For RAC evaluation of
Carter et al. (2003) pleas
see point 6) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
to the BD and the
semiconductor industry in
1981, we agree that the
numbers were out of date
and covered a larger
sector than the gallium
arsenide-using industry.
The more suitable recent
occupational
epidemiological studies
that you mention have
been included in the
opinion and BD.

Regarding your comment

1)
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/2/ Annex 1,BD to the opinion proposing harmoniztabsification and labeling at community level aflym
arsenide, ECHA/RAC/CLH-0000000792-73-03/A1, 25.082

/3/ Opinion proposing harmonized classification &atzkling at community level of gallium arsenide,
ECHA/RAC/CLH-0000000792-73-03/F, 25.05.2010

/4/ E.M.Bomhard, REACH ChemConsult GmbH, Galliunsé@mide, On the Subject of Carcinogenicity and kgrti
effects, March 11, 2011

/5/ IPC contribution to public consultation of GaBarmonized classification, 24.7.2009, i.e. tab®Rdnd text
explanation

/6/ TUV Siid, Expositionsmessung nach TRGS 40226806, measured at AZUR at 15.2.2006

/7/ TUV Siid, Expositionsmessung nach TRGS 402,.30086, measured at AZUR at 13.3.2008

/8/ JI Davies, IQE plc Gallium Arsenide Classificat Read across, April 15 2011

/9/ H.V.Aposhian, Reaction to and recommendatigmfodifying the Background document to the Oping@mion
proposing harmonized classification and labelingahmunity level of gallium arsenide, ECHA/RAC/CLH-
0000000792-73-03/A1, submitted April 18, 2011

/10/ Letter of Eurometaux to DG Enviornment andefptise, 2011-02-17,

/11/ Guidance on information requirements and chahsiafety assessment Chapter R.6: QSARs and gipopi
chemicals (May 2008 )

/12/ OECD Environment Health and Safety Publicatjd®eries on Testing and Assessment No. 80 , P@0ig, Doc.
ENV/IM/MONO(2007)28

/13/ E.M.Bomhard, REACH ChemConsult GmbH, Galliumsénide, On the Subject of Carcinogenicity andilfgrt
effects, April 21, 2011

/14/ Position of TriQuint Semiconductor, Inc. oe @pinion of the Committee for Risk Assessment psom
harmonized classification and labeling at the Ei¢ldéor GaAs adopted 25 May 2010, April 20, 2011

/15/ Carter et al. The metabolism of inorganicreggixides, gallium arsenide, and arsine: a toxieotbal review.
Toxicol Appl Pharmacol 193, 2003, 309-334.

/16/ H. Vasken Aposhian, PhD, Reactions to andmagendations for modifying the Background documerihe
Opinion proposing harmonised classification anelizlg at Community level of gallium arsenide ,
ECHA/RAC/CLH-0000000792-73-03/A1 , April 18, 2011

on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

RAC agrees with IND
who claims that the
spontaneous incidence of
mononuclear-cell
leukemia (MCL)5 in
Fischer F344 rats is so
high that this effect
should be disregarded.
Please see the opinion (g
1 December 2011)..

=

We also agree with IND
that due to irrelevance to
humans the findings of
benign
pheochromocytoma of th
adrenal medulla should b
disregarded when
assessing carcinogenicity
with reference to Greim ¢
al. (2009). Please see the
opinion (of 1 December
2011).

Regarding your comments
on genotoxicity, please
see point 2 of the Annex
to RCOM (Additional

D

(9]

—

® synonyme LGLL (Large Granular Lymphocyte Leukemia)
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21/04/2011 | Belgium / European | ECHA comment: The attached document (GALLIUM ARBENCARCINOGENICITY.doc) is copied below. Thank you for the

Trade Union Institute

GALLIUM ARSENIDE CARCINOGENICITY

- IARC (International Agency for Research on Cancer)0@0ARC monographs on the evaluation of

carcinogenic risks to humans - Cobalt in hard nsediad cobalt sulfate, gallium arsenigelium phosphide

and vanadium pentoxide. Vol 86: 1-294. World He@tiganization, Geneva, Switzerland.
- [American Conference of Governmental Industrial Hygenists(ACGIH ) TLVs and BEIs. Threshold

Limit Values for Chemical Substances and Physig@mis and Biological Exposure Indices. Cincinnati,

OH, 2008, p. 12]

Al: Confirmed human carcinogen. /Arsenic and inaigaompounds, as As/ *QC REVIEWED**

- [U.S. Environmental Protection Agency's IntegratedRisk Information System (IRIS). Summary on
Arsenic, inorganic (7440-38-2). Available from,aMarch 15, 2000http://www.epa.gov/iris/
CLASSIFICATION: A; human carcinogen. Basis for diigation: Based on sufficient evidence from
human dataAn increased lung cancer mortality was observeghidtiple human populations exposed
primarily through inhalation. Also, increased mdita from multiple internal organ cancers (liveridkey,
lung, and bladder) and an increased incidence of sancer were observed in populations consuming
drinking water high in inorganic arsenieluman carcinogenicity data: Sufficient. animalcaogenicity
data: Inadequate. /Inorganic Arsenic/ *PEER REVIED#*

- ILO: Cancer caused by the following agents: Arsenétitsncompounds.
http://www.ilo.org/wemsp5/groups/public/---ed_protie--protrav/---

safework/documents/publication/wcms_125137.pdf

- The Office of Environmental Health Hazard AssessmdnOEHHA) within the California
Environmental Protection Agency. California Propostion 65:
http://www.oehha.org/prop65/prop65_list/files/P88IA1511.xIsx

- NIOSH carcinogen list

http://utweb.ut.edu/chemicalsafety/files/Downloalfdi$H%20CARCINOGEN%20LIST%20v1.pdf

- OSHA PEL: OSHA: Cancer Hazard

Supporting Studies:

- J Pharmacol Exp The?003 Dec;307(3):1045-53. Epub 2003 Oct 14.

Gallium arsenide selectively up-regulates inflamonatytokine expression at exposure site.

Becker SM McCoy KL.

provided references.
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Department of Microbiology and Immunology, Box 9886 Virginia Commonwealth University, Richmond, VA
23298-0678, USA.

Abstract

Gallium arsenide (GaAs), a technologically and ecoically important semiconductor, is widely utilé&zen both
military and commercial applications. This chemisah potential health hazard as a carcinogenmantlinotoxicant.
We previously reported that macrophages at theaxpcsite exhibit characteristics of activationvitno culture of
macrophages with GaAs fails to recapitulate théivo phenotype, suggesting that complete GaAs-ntedia
activation in vivo may require other cells or compaots found in the body's microenvironment. Ouseng study
examined the role of cytokines upon GaAs-mediatadrophage activation. Intraperitoneal administratib GaAs
elicited rapid specific recruitment of blood monteg/to the exposure site. This recruitment occucoettomitant
with up-regulation of 17 chemokine and inflammatoyyokine mRNAs, while transcripts of three inhdvit
cytokines diminished. Administration of latex beadsised less cytokine induction than GaAs, indicgtihat change
in MRNA levels could not be attributed to phagosigoFour representative chemokines and cytokirexe gelected
for further analysis. Increased cytokine mRNA espien was paralleled by similar increases in cytekirotein
levels, and secreted protein products were detéctedritoneal fluid. Cytokine protein expressioasxconstrained to
myeloid cells, and to a lesser extent to B cellterations in patterns of cytokine gene expressiogidate
mechanisms for increased cellular activation aryan processing, and modulation of the inflammatesponse.
Our findings indicate that in vivo GaAs exposureia cytokine gene expression, which may lead tim@ammatory
reaction and contribute to pathological tissue dgama

- Toxicol Appl Pharmacol2003 Jan 1;186(1):18-27.

Impact of in vitro gallium arsenide exposure on ropbages.

Harrison MT, Hartmann CBMcCoy KL.

Department of Microbiology and Immunology, Virgintommonwealth University, Ricchmond, VA 23298-0678,
USA.

Abstract

The semiconductor gallium arsenide (GaAs) is clizgsas an immunotoxicant and a carcinogen. Weipuosiy
showed that GaAs in vivo induces several phenotgpanges in macrophages located at the exposarénsiicative
of an activated state. These physiological altenatimay be a primary or secondary consequencezafichl
exposure. To discern primary influences, our curstudy examined the in vitro effects of the cheahan
macrophage cell lines and murine peritoneal maageb. GaAs augmented cathepsins L and B protealstiities

12}

in all three sources of macrophages. Expressioheofwo mature isoforms of invariant chain anctieavage
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fragment was also significantly increased, indiogtihat the chemical directly affects macrophabesvever, GaAs
did not alter the overall cell surface expressibmajor histocompatibility complex class 1l moleeslon
macrophages nor influence their ability to stimellattigen-specific helper T cell hybridomas to oegpto intact
antigens that require processing. These findinige the possibility that the chemical's completeiyo impact may
involve cytokines. Further, GaAs in vitro enhansgehdy-state cathepsin L protein, and cathepsarsdlLB mRNA
expression in macrophages, indicating that GaAs altey gene expression, which may contribute tcctiemical's
adverse biological effects.

Copyright 2003 Elsevier Science (USA)
- PMID: 12583989 [PubMed - indexed for MEDLINE]

Use of the Syrian hamster embryo cell transfornmagissay for determining the carcinogenic potenfidleavy metal
compounds.

Kerckaert GA LeBoeuf RA Isfort RJ

Corporate Professional & Regulatory Services, Rro&tGamble Company, Miami Valley Laboratories, €imati,
Ohio 45253-8707, USA.

Abstract

Cobalt sulfate hydrate, gallium arsenide, molybaenrtioxide, vanadium pentoxide, and nickel sulfa¢ptahydrate
were tested in the Syrian hamster embryo (SHE)aesarder to increase the SHE assay databasesforytmetals.
All five compounds produced significant morpholagitransformation at one or more doses in a dosgoresive
manner. Cobalt sulfate hydrate, gallium arsenidgybdenum trioxide, and nickel (Il) sulfate heptdigte were all
positive with a 24-hr exposure, suggesting diredi®lperturbation. Vanadium pentoxide was negativén\ai24-hr
exposure, but positive with a 7-day exposure. phaisern of response (24-hr SHE negative/7-day Sétitipe) has
been seen with other chemicals which have tumanption-like characteristics. Since the inceptionthaf use of the
SHE cell transformation assay for detecting thepteeiic transformation potential of chemicals, o42rheavy metal
compounds have been tested in this assay. Basiw @4 metal compounds which have been testediSHE,
Salmonella, and some type of rodent bioassay, lthe &say is 92% concordant with rodent bioassagireagenicity
results, including a sensitivity of 95% (21/22) andpecificity of 50% (1/2). At this time, the maeess of SHE assay
specificity for rodent carcinogenicity of metaldirsited by the paucity of metal compounds which evdent
noncarcinogens. The Salmonella assay results &y&8% concordant with the rodent bioassay for ¢hemme
chemicals. This relatively high concordance betwibenSHE assay and the rodent bioassay carcinagergsults
demonstrates the utility of the SHE assay for deitging the carcinogenic potential of heavy metahpounds in
rodent cancer bioassays.
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PMID: 8937893 [PubMed - indexed for MEDLINE]

- Environ Health Perspect996 Oct;104 Suppl 5:1011-6.

COMPACT and molecular structure in toxicity assessima prospective evaluation of 30 chemicals ailydoeing
tested for rodent carcinogenicity by the NCI/NTP.

Lewis DF, loannides CParke DV

School of Biological Sciences, University of Surr@uildford, United Kingdom. dlewis@surrey.ac.uk
Abstract

A new series of 30 miscellaneous National ToxicglBgogram chemicals has been evaluated prospsctorel
carcinogenicity and overt toxicity by COMPACT (Couter Optimised Molecular Parametric Analysis fore@tical
Toxicity. CYP1A and CYP2EL). Evaluations were aisade by Hazardexpert, and for metal ion redox fiiatsnand
these, together with COMPACT, were compared witults from the Ames test for mutagenicity in Salelts) the
micronucleus test, and 90-day subchronic rodetiighagy. Seven of the 30 chemicals (nitromethankroprene,
xylenesulphonic acid, furfuryl alcohol, anthraquieg emodin, cinnamaldehyde) were positive for piaén
carcinogenicity in the COMPACT evaluation; xylenkgionic acid and furfuryl alcohol were only equiady
positive. Four of the 30 chemicals-scopolamine, D&&llow No. 11, citral, cinnamaldehyde-were postiwy
Hazardexpert; 6 of 30-D&C Yellow No. 11, 1-chlorepfopanol, anthraquinone, emodin, sodium nitrite,
cinnamaldehyde-were positive in the Ames test; 23phenolphthalein and emodin-were positive inithevo
cytogenetics test; and 3 of 30-molybdenum trioxghdlium arsenide, vanadium pentoxide-were metaipmunds
with redox potentials of the metal/metal ion indiea of possible carcinogenicity. The overall piitin for
carcinogenicity was positive for 12 of 30 chemicaisromethane, chloroprene, D&C Yellow No. 11, glmdenum
trioxide, 1-chloro-2-propanol, furfuryl alcohol, Ifam arsenide, anthraquinone, emodin, sodiumteitri
cinnamaldehyde, vanadium pentoxide). This overaltligtion has been made on the basis of the resfulle
computer tests and from consideration of the infdrom from bacterial mutagenicity, together witkely lipid
solubility and pathways of metabolism and elimioati

PMID: 8933049 [PubMed - indexed for MEDLINE]PMCIBMC1469712Free PMC Article

- [NCI/NTP carcinogenesis technical report series; Natio@aic€r Institute/National Toxicology Program; U.S.
department of health and human services, TR-499 Y00

Species: RAT
Strain/Sex: F344/N/FEMALE
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INHALATION

0;0.01; 0.1; 1 MG/M3 6 HR/D 5D/WK FOR 105 WETUDY DURATION: 105
WK)

Tumor Site/ Type of Lesiont UNG: ALVEOLAR/BRONCHIOLAR ADENOMA
Results: POSITIVE
Reference:

Route:
Dose:

- NTP 2000reported GaAs not mutagenic in Salmonella typhiomr with or without S9 metabolic activation
enzymes, and no increase in the frequency of mimieated erythrocytes was observed in peripheosidobf male or|
female mice exposed to GaAs by inhalation for 1&kge No evidence of carcinogenic activity in m&aB2l4/N rats
or male/female B6C3F mice exposed to GaAs; clemeace in female F344/N rats at the 1 mg/M3 doleere were
increases in alveolar/bronchiolar neoplasms andomaciear cell leukemia. Doses were 0, 0.01, Odllamg/M3, 6
hours/day, 5 days/week for 105 weekisp://www.socalbuilders.org/docs/GaAs4 29 2010 iselipdf

- CDC: Reducing the Potential Risk of Developing Carfomm Exposure to Gallium Arsenide in the
Microelectronics Industryhttp://www.cdc.gov/niosh/88-100.html

The National Institute for Occupational Safety &tehlth (NIOSH) is requesting assistance in redutfiegpotential
risk of developing cancer in workers exposed tdigalarsenide particulates in the microelectromichistry. Three
recent experimental animal studies have indicdtatigallium arsenide dissociates in the body teast gallium and
arsenic. The arsenic is inorganic, biologicallyilalde, and distributed throughout the body. Inmigarsenic has
been determined by NIOSH to be a carcinogen, wlegallium, based on available data, is believdoktof low
toxicity. Engineering controls, proper work praec and appropriate personal protective equipnientld be used tq
prevent or greatly reduce the potential for expesargallium arsenide. Safety and health officiatiifors of
appropriate trade journals, and manufacturers lifigaarsenide semiconductor devices are requéstbdng these
recommendations to the attention of employers, gansa and workers.

- The Effect of Arsenic Exposure on Semiconductarkérs at the AXT Plant
Jill Collins. http://nature.berkeley.edu/classes/es196/project$@5final/Collins.pdf

21/04/2011

Germany /
Gerhard Hirschle /
United Monolithic
Semiconductors /
Company-Downstream
user

ECHA comment: The attached document (Bomhard_#@em@ments on RAC Opinion on GaAs) is copiedwelo

United Monolithic Semiconductors (UMS) welcomes thher public consultation on the carcinogenidfygallium
arsenide by ECHA. But based on the attached dessi¢ox. experts we recommend to review and tdueta again
the harmonised classification and labelling of @®atl Arsenide on Carc. 1A and Repr. 1B.

Comments on the RAC Opinion on Gallium Arsenide byDr. Ernst M. Bomhard
REACH ChemConsult GmbH

Gallium arsenide (GaAs) is in widespread use imtie¥oelectronic industry. It is marketed mainlyaag/afer, in rare

Thank you for your
comments. The responseg
also covers the comment|
from Dr. E.M. Bomhard
below.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu

re
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cases also as an ingot.
Exposure can occur at production and processingplaces. The hazards and risks of those exposanesth be
carefully evaluated taking up-to-date knowledgesrperimental data and experience in humans intoustc

The Committee for Risk Assessment (RAC), in accocdavith Article 37 (4) of the Regulation (EC) Na72/2008
(CLP Regulation), has adopted an Opinion (1) orptioposal for harmonised classification and labglbf GaAs.
According to the opinion of RAC, GaAs should bessified and labelled as follows:

Carcinogenicity category 1A - H350
Reprotoxicity 1B - H360F
STOT RE 1 - H372

Labelling: GHS08, GHS09; Dgr; H350 May cause cand@60F May damage fertility, H372 Causes damagdheo
respiratory and haematopoietic system and testeagh prolonged or repeated exposure.

The original proposal on carcinogenicity classifiza submitted by France w&sarcinogenicity category 2 — H351
The action of the RAC was justified by the suggg €&IR properties of GaAs.

In the following, we would like to comment on th&R opinion, focusing on the two following issuesproduction
toxicity/fertility and carcinogenicity.

1. Reproduction toxicity/fertility

As mentioned above, RAC is of the opinion that GalAsuld be classified as Reprotoxic 1B

— H360F due to reported effects on fertility partéarein rodent species.

This opinion was justified by:

“Clear evidence of effects at low doses in the afxseof other toxic effects...also supported by thegudial of
gallium to accumulate in rat testis following inhation exposure”

1.1 Ad “clear evidence of effects on fertility atM doses in the absence of other toxic effects”

A total of four studies reporting effects on fatyilparameters have been taken into account by RAG studies
using intratracheal administration to rats and harsq2,3), and two studies from the US Nationatid@ogy
Programme, examining effects after a 14-week intada@xposure in rats and mice (4).

In the two publications where GaAs was administetadntratracheal instillation (2, 3), effects ettthan fertility
were not looked at specifically. However, othergrapnvestigating the effects of GaAs after sirgjleepeated
intratracheal instillation in comparable conditioeported that the lungs of the animals were sévaféected (5-9).
These studies contradict the absence of other &fécts at those exposures. However, these Kttidies were not
evaluated by RAC.

In the NTP inhalation studies on rats and miceglveere rather severe effects on the lungs at elwithe
concentrations affecting sperms and testes (4hdll also be noted that the concentration levielghich fertility

related to usage of GaAs
in the microelectronic
industry are different
things.

Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

You claim that animal
data on gallium arsenide
was discarded by RAC.
That is not correct, but
RAC considered it propef
to take into consideration
the available knowledge
on carcinogenicity from
arsenic compounds. We
appreciate that gallium
arsenide so far is the only
arsenic species tested in
long term carcinogenicity
study by inhalation.

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

Y
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effects were observed (10,00§/m3 and above!) do not relate with the typicaéeen worst-case exposure levels t
GaAs at production and processing sites (range: 1@0ug/m3).

2.2 Ad “This is also supported by the potentiagaflium to accumulate in rat testis following inbtibn exposuré
In the rat study (4), it is quoted: “The conceritras in these tissues [blood, serum or testes asioned in the
sentence before] were small relative to the comagahs of Ga and As in the lung; this also indésahat there was
no accumulation[emphasis added] of either Ga or As in these tss{4.

However, RAC ignored this conclusion from the tatly (4).

2. Carcinogenicity

The RAC opinion mentions that thevaluation of carcinogenic effects of gallium arsée solely based on results
from animal studies is insufficient, especially gia animals are less sensitive than humans to thectegenic
effect of arsenic.”

Therefore RAC decided to include information froomtan studies1 on arsenic compounds listed as ogieis in
category 1A in CLP Annex VI and apply read-acras6aAs.

It was further stated th&a read-across approach is further supported by imokinetic data describing the
formation of similar arsenic metabolites followinGaAs exposure as those formed following exposurelsssified
arsenic compoundsand it was agreetihat the carcinogenicity of arsenic and arsenic egpounds is of relevance
to gallium arsenide and must be taken into account.

However, we would like with regard to the abovéseahe following arguments:

[ Animal data on GaAs exist but this information wiéscarded by RAC

[0 Inorganic arsenicals others than GaAs have neaenm tested adequately for carcinogenesis, and bguae
inhalation route (10)

1 Results of epidemiological studies of carcinog#yifrom exposure to arsenic compounds in coppeiters and
from drinking water

[0 Several human epidemiological studies on As caggnicityin the semiconductor industwyere not considered
[ The genotoxic effects of GaAs do not seem totadijparable with other arsenicals, limiting the diyi of the
read-across

[ Recent evaluations pointing towards a threshaldhfe carcinogenic effects of As were not considdng RAC

2.1 Animal experiments with GaAs

Two valid carcinogenicity studieswith inhalation exposure of F344/N rats and B6C8&Hkde performed within the
US NTP are available (4). Exposure in these studleesto GaAs aerosols (whole-body 6 hours/day, §dasek for
105 weeks, at concentrations of 0.01, 0.1, 1.0 rAdmthe rat study; 0.1, 0.5, or 1.0 mg/m3 in theuse study).

The results can be summarised as follows:
01 significantly increased incidences of benign aradigmant neoplasms in the lung in female F344/N sathe

Regarding your comment
on genotoxicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on threshold for
carcinogenicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on particle effect, please
see point 3) of the Annex
to RCOM (Additional
response to comments).

Response to comment on
carcinogenicity in female
rats as secondary effect
from chronic active
inflammation/chronic
irritation of the lungs,
please see point 3) of the
Annex to RCOM
(Additional response to
comments).

Regarding your comment
on mode of action for
carcinogenicity we refer
to point 2) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
on use (“Facts”) please
see response to France /

- 65 -



Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

highest concentration (i.e. 1.0 mg/m3).

[0 increased incidences of benign neoplasms of thenatimedulla and increased incidences of monoauci|
leukaemia at the highest concentration (1.0 mg/ih3jall be noted here that the relevance for meud these
increased incidences is questioned (11-13).

[ there was no evidence of carcinogenic activitafs in male F344/N rats exposed to 0.01, 0.1,®nig/m3.
[ there was no evidence of carcinogenic activitgnale or female B6C3F1 mice exposed to 0.1, 0.5,@mg/m3.

In the rats, chronic active inflammation of thedsrwas observed at all concentrations tested.ififtéesnmation was
similar to that caused by other particles like lquartz. It is important to note that the ocenne of lung tumours
in rats under conditions of chronic inflammatiortleé lungs is a phenomenon that has been obseiittedtiver
particulatematters and reported in the literat@e.(The rat seems to be the most sensitive sptectbat kind of
phenomenon and female rats are reported as beimagally more susceptible (4, 14-18).

The lung tumours observed in the female rats shatefore be considered in the context of the dhrimflammation
of the lungs as a secondary mechanism and not iasli@ation of a primary carcinogenic effect of GaAhese facts
were not considered by RAC who concluded that “Gisfes carcinogen of high potency .

2.2 Human data on arsenic carcinogenicity in thes®nductor industry

Several recent well conducted epidemiological €sidin large populations in the semiconductor imgiustve not
provided evidence of causal associations with ex@o® arsenicals (not further specified). No exasgypical
cancers associated with arsenic exposure (lung, skinary bladder) was reported (19-23).

RAC did not evaluate such studies but referred®C 2006 (24), which found, without further expléina, that
“none of the [two described (25,26)] studies ofaaarin the semiconductor industry were informatiith regard to
GaAs”". Three of the new studies or updates of epidi®gical studies published since 2006 (19-23)lddave been
included in the RAC evaluation. Further two studiesestigating exposure to arsenicals were pubdistfeer adoption
of the RAC opinion (21,22).

A careful and comprehensive evaluation of all thetselies could have come to the conclusion thav g to
GaAs/arsenicals at workplaces is not associatddamitincreased risk of cancer, despite the fattetkposure was
demonstrated.

As (and Ga) exposure has not been quantified setstudies. However, there are several publicatiwvasable
reporting exposure situations at different workpa the semiconductor industry and partly alstuiing
biomonitoring data (27-36). Altogether, they alltive conclusion that there is exposure to As atethewkplaces
which despite of the high worker protection levethis industry results in increased As absorption.

2.3 Mode of action of arsenic carcinogenicity

Referring to IARC 2006 (24), which assigned GaAa group 1 carcinogen based on the bioavailalgfits from
GaAs and a suspected role of Ga in the inductidargf tumours in female rats, RAC only briefly miened some
“established mechanistic events of carcinogenidipgge 37), all of which relate with indirect action the DNA.
Further, RAC stated that “no threshold has beentified for the carcinogenic effect of arsenic and assumed that
the risk of cancer increases linearly with the dose
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There are no indications in the database on Gathfse “established mechanistic events”. To théraoy, those
genotoxicity tests which are mostly positive wither arsenicals, i.e. the micronucleus tests, wegative with
GaAs in vitro and in vivo.

In recent years, both a large body of mode of adfimta as well as results from various epidemicklgitudies
clearly argue for a threshold of the carcinogeffiiects of As (37-41). Admittedly there is as yetgenerally accepte
and quantified threshold value.

RAC has not considered these data and referrect@mlgidemiological studies in highly As exposegmer smelters
and people exposed to high As concentrations imkilg water. Epidemiological data showing no ineegh(or even
reduced) risk of cancer at lower exposures werénotided.

3. Concluding remarks

[0 The available database does not support the csionlthat GaAs is a human carcinogen. Therefoasstication
of GaAs into Carc. 1A - H350 is not justified.

01 The RAC's rationale for applying read-across teaicals carcinogenic in humans ignores recentidgwents in
the assessment of the mode of action of As careimogy (threshold).

01 The claims by RAC for classification of GaAs irReprotoxicity 1B — H360F are not supported by thailable
data.

0 The fertility effects secondary to inflammatoryeets are not GaAs specific and do not justify sifisation into
Reprotoxic 1B — H360F.

[0 The RAC failed to critically and carefully evaleahe comprehensive dataset on GaAs and the isshe o
carcinogenicity of As.
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1 INTRODUCTION

Effective May 25th 2010 the Committee for Risk Assment (RAC) has proposed the following for thertarized
classification and labeling of gallium arsenide (ER@mber: 215-114-8, CAS Number: 1303-00-0) accaydinthe
Regulation (EC) No 1272/2008 (CLP Regulation).

Carcinogenicity Cat. 1A
Reprotoxicity Cat. 1B (RAC, 2010)

The original proposal for classification had beehmitted by France. France originally proposedaasification in
category 2 (H351) for carcinogenicity (CLH-GaAs02).

The RAC opinion to propose carcinogenicity Cat.féAgallium arsenide is based on the IARC Monogrkiph 86
(2006) classifying gallium arsenide as as carcinag® humans. This classification has been dewslap the
working group (October 7-14, 2003) and presumabbpéed at that meeting.

Except for two papers (Carter et al., 2003; Stgilal., 2000), all literature on toxicology anddggniology of
gallium arsenide and other arsenicals as well ab®epidemiology in the semiconductor industrytgdan
the IARC monograph predominantly originates from dlecades 1980 and 1990. However, over the past
decade an ample range of new studies on epidemialog the toxicological mode of action of arserawédn
been published. AlImost none of these results haee included into the IARC monograph.

The preamble of the IARC monograph highlights ttwtsiderations on the mode of action normally sthowit play a
decisive role in the evaluation of the hazardousmtial of a substance: “These categories refer wnthe strength of
the evidence that an exposure is carcinogenic ahtbrihe extent of its carcinogenic activity (putg) nor to the
mechanisms involved”.

In the case of gallium arsenide IARC apparentlyiated from this principle. In fact, the categorgfcinogenic to
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humans” was derived solely from data on the bidakdity of arsenicals after oral and intratrach@al)
administration and on data from hamsters indicatiegabolism comparable to other arsenicals knowreto
carcinogenic to humans (i.e. after to i.t. instila of 5 mg/kg body weight in 0.05 % Tween 80/phyaCl;
bioavailability of arsenic from gallium arsenideoab 10% compared to sodium arsenate and sodiumigasBosner
and Carter, 1987). A mode of action justifying thidrapolation was, however, not presented by IARC.

RAC adopted the IARC classification apparently withfurther appraisal of more recent empirical dB&yond the
IARC monograph the RAC opinion essentially quotieeopublications that are listed in the ATSDR (2pgeview
and in the NTP report (2000), in particular, on ¢ipgdemiology of arsenic (a rather selective coatjmh). The RAC
opinion does not reveal any proper assessmeneafuhlity and validity of the quoted data perforrbgdhe RAC
itself. Therefore, the RAC approach and its corioluslo not reflect today’s understanding the tokigy of
arsenicals.

Hence, the RAC opinion on the carcinogenicity dfigen arsenide hardly represents an independent
evaluation performed sufficiently diligent and béhem up-to-date scientific knowledge to approptiate
reflect the importance of the case.

With respect to the data assessing the possibladigm male fertility, RAC has adopted the claimA&RC (2006)
that gallium is accumulating in the testicular tissvithout explaining the contradiction to the N3tRdy reporting
expressis verbis no accumulation. In addition, Rofdimed that the findings on testes and spermatsieare
primary effects observed in the absence of otHevaat toxic effects.

2 FACTS
Gallium arsenide is a most important semiconductaterial and key to numerous technologies in cind defense
applications. It is not conceivable that galliureearide can be replaced in the foreseeable future.

Gallium arsenide is marketed as article made fratk material predominantly in the shape of wafens o 8” in
diameter). According to the CLP directive thereassequently no requirement for labeling or cléssiifon as
hazardous material.

Exposure to gallium arsenide may occur during th@ufacturing process (worldwide, there are abaubibr
producers with only a small number of workers exggo® gallium arsenide and processing of the wafétse
subsequent value chain embraces a large numbengfanies with hundred thousands of employees. Tiber@
exposure to gallium arsenic during use of electralevices.

Concerning the actual exposure at the workplageetts a number of publications as well as unphbtisdata
available. Except for a few cases, all measurensmw values substantially below B arsenic/mga.
Bioavailability of arsenic at the sites of induatréxposure reported has been demonstrated by stowfies. In
general it can be concluded that the bioavailghilétected is fairly low.

It is, however, difficult to attribute the bioavalile arsenic to particular sources since indivislaaé exposed to a
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comparatively significant level of arsenic fromunall sources (geogenic sources and nutrition, itiqudar, seafood).
Furthermore, there is some exposure originatingifansenic being used as raw material during syrgtledégallium
arsenide.

3 SUMMARY OF DATA ON THE TOXICOLOGY AND CARCINOGENI CITY OF GALLIUM ARSENIDE
Till to day, there is to the best of our knowledgecase of an individual reported that has beeredathby an
exposure to gallium arsenide. Accordingly, theeeras reports on workers exposed to gallium arsestideving an

increased cancer incidence.

For gallium arsenide a data set is available cageail important endpoints and containing studiesthy performed
to existing guidelines. There exists no other iamig arsenic compound for which this is the case.

Up to now, gallium arsenide is the only inorgamsemic compound that has been studied by meansigf |
term exposure (via inhalation) in 2 species (NTBR®.

The experimental conditions employed by NTP (wHmdely exposure, very small particles at concentnatcausing
irritation to the lung) are beyond doubt represent “worst case” scenario.

Taking into account the secondary effects causeatidyoxicity to the lung no primary carcinogentteet of gallium
arsenide can be derived.

Contrary to various other arsenicals, the studieslacted so far on the genotoxicity of gallium aide (Ames-,
HPRT-, micronucleus tests) revealed no clastoganégenic and also no mutagenic effects.

Gallium arsenide particles apparently have a higential to cause irritation to the lung when usader the
experimental conditions of inhalation or i.t. itistion. This effect is known to be most pronounetdhe highly
sensitive species rat (Warheit 1997). No evidexigefor humans in this regard.

It is known that the inhalation of particles by hams may cause chronic toxicity to the lung and sgbently as a
long-term sequela may cause cancer (Valavanidit 8008). Incidentally cancer may be caused bycmgnic
damage to the lung and also other tissues. Wheothservation could be seen as attributing a icecicinogenic
potential to small particles, it certainly does jpuatify in any way the general classification e$pirable particles of
any composition as carcinogenic to humans.

Conclusion: Gallium arsenide is a substance wetlistl with respect to carcinogenic and genotoxic
endpoints. No evidence for a primary genotoxicancimogenic effect has been substantiated.

4 SUMMARY OF THE EXPERIMENTAL DATA ON THE POSSIBLE EFFECTS OF GALLIUM
ARSENIDE ON FERTILITY
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There exist four studies reporting effects on teated/or spermatozoa: 16 fold i.t. instillation veaplied to rats and
hamsters in two studies (Omura et al. 1995, 1989%4d,4-week inhalation was applied in two studidéthwats and
mice (NTP 2000).

The i.t. — studies do not mention any effects teeobrgans. However crucial supplemental data em#mster study
were published with four years delay (Tanaka e2@00) revealing a weightive impact on the lunge Téported
effect on the lung is fully in line with studies byher authors using comparable experimental ciomditin rats
(Goering et al. 1988; Webb et al. 1984, 1986, 1987)

The inhalation studies too report weightive efféotthe lung at levels affecting fertility paranmmstand at
concentrations far below these levels. These studigort, in addition, significant haematologidahnges.

In the long-term 2-year inhalation study (NTP 2008)rats and mice no damage to spermatozoa/-t@stesfound at
concentrations up to 1.0 mg/m3.

According to the NTP report (2000) no accumulatibgallium or arsenic in the testicular tissue (imoblood and
serum) has been detected in the 2-year inhalatiimty sThe gallium or arsenic concentrations havebeen analyzed
in the 14-day and 14-week NTP studies. The asgetaumulation is further commented in Section 8.

In summary it can be concluded that effects orilitgrivere only observed at dose/concentration esncpusing
substantial damage to the lung as well as haengatalochanges. The concentrations affecting feytparameters
exceeded the concentrations causing damage tartbebly a factor of 1000!

Therefore no evidence for a specific effect ofigall arsenide on the male fertility is provided thatuld
justify the classification of gallium arsenide aseprotoxic substance.

5 NEW EPIDEMIOLOGICAL DATA ON THE SUBJECT OF A THRE SHOLD IN THE
CARCINOGENICITY OF ARSENIC

A number of more recent epidemiological studiestam quite accurate exposure assessments (eBgesttidies on
drinking water) indicates the existence of a thoésifior the carcinogenic effects of (other) arsalsavell above the
known exposure experienced during the productiehpacessing of gallium arsenide (Bates et al. 280dwn and
Ross, 2002; Lamm et al. 2004, 2006, 2007; Meliked.2010; Mink et al. 2008; Schoen et al. 200408 et al.
2005; Tapio and Grosche 2006).

New data on the genotoxicity (predominantly onftvenation of micronuclei) of (other) arsenicalshmmans are als
indicative of a threshold at a level that is byriat reached during gallium arsenide productioprocessing (Basu ef
al. 2002; Ghosh et al 2007; Paiva et al. 2008;efigl. 1984).

Overall, above data provide strong evidence forettistence of a threshold for the toxic, carcinagemd
genotoxic effects of arsenic (though the exactevatill needs to be quantified). There remains lyaady
doubt that there is no way to justify the lineatragolation of effects to the low non-toxic levelsexposure

relevant to gallium arsenide production or proagssin scientific grounds.
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Various (some of them are very extensive) epidevgichl studies carried out in the semiconductousty
consistently show no increase of incidences/prexale of cancer attributable to arsenic or arseni@sall et al.
2005; Bender et al. 2007; Boice et al. 2010; Darmtbal. 2010; Nichols and Sorahan 2005).

6 EVALUATION OF THE CARCINOGENICITY STUDIES WITH GA LLIUM ARSENIDE IN RATS AND
MICE

In the 2-year inhalation study perforeds in theneavork of the NTP report Fischer F344 rats wereoegd to gallium
arsenide concentrations of 0, 0.01, 0.1 and 1.0n3gin the 2-year inhalation study on B6C3F1 mioe t
concentration levels were 0, 0.1, 0.5 and 1.0 mg/fiZanimals were whole-body exposed 6h/d, 5d/wife5 weeks
. The aerosols used had a MMAD ranging from 0.8.6aum (at a geometric standard deviation of 1.9 edsdh).
further data characterizing the aerosols (e.gr theface morphology) were provided.

The non-neoplastic effects reported were: chrodiive inflammation, atypical hyperplasia, alvedagpithelial
hyperplasia, proteinosis, alveolar epithelial misip in the lung. All of these changes result fehronic irritation
of the lung tissue. They are qualitatively simiiathose effects reported as the typical outconte@exposure to
other particles e.g. talc (H2Mg3(SiO3)4 ) or qud8i02) by inhalation (NTP 2000, Wolff et al. 1988

The increased occurrence of alveolar-bronchiolaptesms (mostly adenomas) in female rats is mosbably to be
seen as the consequence of the toxicity to the lafgnot to be interpreted as an indication pfianary carcinogenid
effect of gallium arsenide: It is well known thabead range of chronic inflammatory processesénliing
predispose particular sensitive cells for neoptaséinsformations. The longer the inflammationddke higher is the
resulting risk of cancer formation (Federico et28l07). Rats turned out to be the most suscepji@eies with
respect to this mechanism of tumorigenesis (WagsahValberg 1996).

The increased occurrence of mononuclear cell leikénfemale rats at the highest concentratiorotselevant to
humans. This type of tumor is highly specific te #344 rat strain. There it is characterized bigh Bpontaneous
incidence and a high variability. Several authagehconcluded that this type of tumor is not priaeicfor humans
(Caldwell, 1999; Elwell et al. 1996; Lington et &097). In 2005 NTP stopped using the F344 raafgr
experimental work on toxicity for this (and anothexason.

Also the increased occurrence of benign pheochrgtoo@s in female rats most likely has no relevandeumans
(Greim et al. 2009).

Interestingly, a correlation between non-neoplagtionic lung lesions and pheochromocytomas has toemd in 9
NTP 2-year — inhalation studies with exposure ofen844 rats to particulate matters (female rat® et been
includeded in this evaluation). A significant cdaten between the occurrence of pheochromocytandshe
severity of inflammations and fibrosis was fountieTauthors point out that a reduction of the sertarea available
for gas exchange is resulting from the systemiokgpmia that should be expected under the givenristances.
The decrease in gas exchange areas then stimtilatescretion of catecholamines in the adrenal Hzedihe
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chronic endocrine hyperactivity of the adrenal nikedfinally promotes the formation of hyperplasizdaneoplasms
(Osaki et al. 2002).

| In summary, it can be concluded that there is ndese for primary carcinogenic effects of galliansenide. |

7 EVALUATION OF DATA ON THE GENOTOXICITY OF GALLIUM  ARSENIDE
Results from altogether 4 different tests are atddl (Ames, HPRT, MNT in vitro; MNT in vivo).

In the Ames test (preincubation method) galliuneaide was applied to ti& typhimuriunstems TA97, TA98,
TA100, TA102 and TA1535 at concentrations up todd@/ml. No gene mutation was observed (Zeiger €1392)
with and without metabolic activation by meansatfar hamster S9-mix (at concentrations up to 30%).

Note: Hamsters are reported to be more similautodns than rats with respect to the metabolisnsafréc.

A gallium arsenide extract (at a loading of 200 migh DMSO for 72 h at 37 °C, with shaking) was b to
L5178Y lymphoma cells of mice at concentrationggiag from 250 to 200Qg/ml. The experiment was performed
with and without metabolic activation by a rat-S&nin no case a mutation at the HPRT-locus oflth&78Y cells
was observed by the microtiter fluctuation techei¢B8tone 2010).

Gallium arsenide was also tested as part of assefiexperiments studying the induction of micrdeum SHE —
cells. In this series of experiments within the N@rBgram, NTP analyzed a totality of 16 chemicadsentested,
which were under investigation for carcinogenicitythat time. The concentrations ranged from 2 Boteg/ml;
treatment period was 24 h. Concentrations @fgli®l were clearly cytotoxic. In contrast to the gjiive) reference
substance colchicine no micronuclei were induceddljlum arsenide (Gibson et al. 1992).

The frequency of micronuclei in erythrocytes waalgred in samples of peripheral blood taken fronmii€e (in 2
concentrations only 9 animals) of each of the testencentrations (0.1 — 75 mg/m3) used in NTP'snieek study. A
total of almost 200,000 normochromatic erythrocytas evaluated. No indication of any exposure eelaffect was
found (NTP 2000).

In conclusion, none of the studies addressing ififrereéint endpoints yielded evidence for a genot@ffect of
gallium arsenide.

While numerous studies on gene mutation with adinsenicals also do not show positive effects, retgties on
chromosomal damage or aneugenic effects do shoitivgosffects in vitro as well as in vivo.

Diarsenic trisulfide is an exception though. Thal @dministration of this substance in 4 differexperiments (at
doses of 100, 160, 500 and 500 mg/kg body weighBA mice did not increase the incidence of miciaai in
polychromatic erythrocytes in any of the experirsent
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It is remarkable, however, that only in the casdiafsenic trisulfide noticeable amounts of arseoigld be detected
in the blood (390 — 900 ng/ml, at a detection liafiepprox. 100 ng/ml). For all the other testedstances (sodium
and potassium arsenite and diarsenic trioxidegdhinistered intraperitoneally at a doses up teitkg body
weight) the concentration of arsenic in the bloaswelow the detection limit. Despite this a siigaifit and partly
marked increase of micronuclei was detected wibisétother substances (Tinwell et al.1991).

These findings highlight that obviously the probtlte bioavailability of arsenic originating fromarganic
arsenicals does not allow deriving any conclusioout the occurrence or non-occurrence of any effgital
for arsenic.

Several life-span studies with Syrian hamsters Ishioet mentioned in this context. The animals watermittently
intratracheally treated over a period of 15 weékshe case of potassium arsenate and diarseoiéde an increased
number of lung tumors was observed. This was reotése for diarsenic trisulfide. Gallium arsenides\also
negative but the number of surviving animals wassimall to allow for clear-cut conclusions (Ishhiist al. 1983;
Ohyama et al. 1988; Pershagen et al. 1984; PenstzagkBjorklund 1985; Yamamoto et al. 1987).

Thus, there is some evidence also for qualitatifferénces between the various inorganic arsenivils
respect to their potential to cause tumors.

8 EVALUATION OF FERTILITY STUDIES WITH GALLIUM ARSE NIDE

A total of 4 studies is available which show effeoh spermatozoa and testes: two studies in rdteamsters with
16 x i.t. instillation each, two 14-week inhalatistudies on rats and mice (Omura et al. 1985, 18868 P 2000).
The weekly administered dose in the i.t. studies W& mg/kg/d in both cases. The concentratiotisannhalation
studies were in both studies 0, 0.1, 1.0, 10, 3if @ mg/m3, (6 h/d, 5 d/w).

Effects reported in the i.t. studies were essdntialated to the stages of spermatogenesis, thiphotogy of
spermatozoa and their motility. In the inhalatitudy in rats slight effects on the motility of spetozoa were
observed at 10 mg/m3. Minimal testicular atrophyg wecorded at 37 mg/m3, whereas this effect wasnate to
severe at 75 mg/m3. In the inhalation study in rhiggospermia and testicular atrophy were foundatentrations
at or above 10 mg/m3.

The i.t. studies do not mention any findings redate other organs. However, other data from thestanstudy
published elsewhere as well as from studies orbratgher authors using comparable experimentaditions reveal
among others quite massive effects on the lung!

Tanaka et al. (2000) reported further details entthmster study performed by Omura et al. (199&b)decreased
body weights, a massive effects on the lung andesidiamage. A number of other studies in rats siitgle or
repeated i.t. instillation at comparable dose keatdo demonstrate marked lung toxicity (Goeringle1988; Webb e
al. 1984, 1986, 1987).

t
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The 14-week inhalation study in rats revealed éffea the lung at 0.1 mg/m3 and above as well amhtological
effects at 10 mg/m3 and above.

The 14-week inhalation study in mice revealed ¢$fen the lung at 1.0 mg/m3 and above as well amb#ological
effects at 10 mg/m3 and above.

No adverse effects on spermatozoa or testes weoetee in the 2-year inhalation studies in mice eatd at
concentrations up to 1.0 mg/m3 .

One of the two reasons for RAC’s decision to clgsgallium arsenide into reprotoxicity Cat. 1B waslear effects
on fertility at low doses in the absence of otlmid effects...“ is thus not substantiated by theilatée data.

In fact the dose levels causing effects can natafied low since due to the accumulation in theylthe cumulative
doses have to be taken into account for a propasament.

A plausible explanation for the observed effectsparmatozoa and testes is provided by the fatathstudies
without exception report severe damage to the Ilihgs damage of the lung certainly a persistenblgpemia (see
also Ozaki et al. 2002).

It has been known for quite some time that hypoxaerfivarious causes ( high altitude exposure adiss of the

lung) has adverse effects on spermatozoa and tietidn and morphology of testes. This applies tméns as well as

to laboratory animals. (Aasebo et al. 1993; Donayral. 1968; Farias et al. 2005, 2010; Gasco. &04l3; Gosney
1984,1987; Liao et al. 2010; Semple et al. 1984yvahtaeva and Kosyuga, 2006; Verrati et al. 2008).

Under the described experimental conditions ofigiallarsenide studies it therefore appears completel
academic to discuss in this context the potential of at most minute traces of metalloids possimyplved
(here arsenic and/or gallium).

The rationale given by RAC ,This is also supporttgdhe potential of gallium to accumulate in rati® following
inhalation exposure” is in contradiction to thelaurs of the NTP study. Obviously RAC took this argunt from the
IARC monograph (2006) without commenting on thedipancy with the NTP report.

The judgment of the authors of the NTP study wasobgected by the 11 independent experts of NTRshhical
Reports Review Subcommittee. Presumably the NTgnpaaht is based on the observation that compartiteto
accumulation in the lung the increase of the galland arsenic concentration in the testicular éissunsignificant.

Gallium and arsenic concentrations in the lungugsached their peak value of more than i@g after an 6-month
exposure to gallium arsenide at a concentratiadh@mg/m3 .

For comparison, at this time point a concentratib@.50ug gallium/g and Lug arsenic/g respectively was detected
the testicular tissue. A marked decrease of tHaugabnd arsenic concentrations in the lung tissteurred after 6
months. According to the authors this was due tmareased activity of the macrophages. At a cotmagan of 0.01

D
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mg/m3 (still causing irritation to the lung) thexere no traces of gallium detectable in the testesy time and the
concentration of arsenic was at the level of thetrods.

The relevance of the minimal accumulation of gatliand arsenic in the testes to the task of safdguar
occupational health seems more than questionahie hgs to be seen in the light of the substanmt@bilization of
the gallium arsenide particles accumulated in ting instigated by the activity of the macrophages state of
massive lung damage.

The absence of any detectable gallium concentratitime testicular tissue at the exposure levededbto the actual
situation at the work station i.e. 0.01 mg/m3 doessupport the assumption of an accumulation eglefor
classification.

In summary there is no effect of gallium arseniddantility relevant to classification and labeling

Note: gallium compounds, e.g. gallium nitrate, are ingnawusly applied at fairly high dose levels (10 %o 2
mg/kg body weight) to treat cancer, hypercalcaeanid metabolic bone diseases. No adverse effedtstes
or on fertility have been reported (Chitambar 2010)

9 COMMENTS ON THE ,READ-ACROSS* APPLIED BY RAC INT HE CASE OF GALLIUM ARSENIDE

RAC justifies its opinion on the classificationgdllium arsenide by the argument that arsenic besdrioavailable
after oral or I. t. instillation to hamsters. Acdorg to RAC the arsenic bioavailable from galliursemide is
metabolized to form predominantly dimethylarsindida(DMAV) through methylation like in the caseather
inorganic arsenicals known to be carcinogenic tméms (Rosner and Carter 1986; Yamauchi et al. 1986 this
reasoning RAC adopts the previous arguments of ISR&C 2006). In the respective experiments theilsiity of
gallium arsenide was enhanced by using Tween &phosphate buffer. Despite this the absorptian faat
intracheal instillation amounted to just 5-10%. Hisorption rate for oral administration stayeabel %.

No reference was made to a published Japanese @tugipavailability of arsenic and its metabolitegallium
arsenide production. The study analysed the simati the production and the processing of gallarsenide ingots
at the end of a shift. It monitored inorganic aisaels, methylarsonic acid (MMAV), DMAYV and trimetlaysinic
compounds in urine. A significant increase (by 8d 22% respectively) of arsenic concentratons énufine of
exposed workers was recorded at the end of a bldftiever, at the same time no increase of the eurat®ns of
methylated arsenic species was found (Yamauchi £989).

The above results are in line with correspondingiss for the processing of gallium arsenide waféhe respective
studies find in general very low excretion of aisanostly on a level barely distinguishable frore tleference group
No increased excretion of MMA or DMA in the urin@svfound in this case either (Farmer et al. 199@rtdh and
Leese 2010; Morton and Mason 2006).

The claim that arsenic originating from an expogargallium arsenide is metabolized by the humaaoism
to form MMA or DMA through the process of methytatiis thus not supported by existing data.
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But even if it is assumed that the arsenic origngatrom an exposure to gallium arsenide is meiabdlby
methylation as assumed by RAC, this still leavesghestion whether it can be concluded that thiothesis
necessarily implies a carcinogenic potential ofigiad arsenide for humans. This conclusion woulduiregjthat the
mode of action behind the carcinogenicity of inaiigaarsenicals is known and it would in additioguize the
assumption that there is no threshold for this mafdection. Both conditions are not supported lgydhailable data.

Several modes of actions to explain the carcinamgmof arsenic are currently discussed. The mesjfently quoted
and thus the most likely mechanisms are i) indigeetotoxicity (chromosome aberration), ii) reactixygen species
iii) cell proliferation and transformation and ikypo-/hypermethylation of the DNA (ATSDR 2007; Cahet al.
2006; Schuhmacher-Wolz et al. 2009).

For the last three modes of action (ii- iv) a thiad definitely has to be assumed.

In the case of chromosome aberrations the majofipublications focus on the induction of micro laicNew
results on human cells now demonstrate the existehconcentration ranges without any effect (Betsal. 2002;
Ghosh et al 2007; Paiva et al. 2008; Vig et al.4)98he levels of exposure to arsenic discusséldese studies are
well above those relevant to the manufacturing@edessing of gallium arsenide. (Farmer et al. 19@M 2010;
Morton and Leese 2010; Morton and Mason 2006; MiRdifert and Szadkowski 1999). Furthermore thermis
evidence for an adverse effect of gallium arsepnidehromosomes provided in the published experiaheiata
(Gibson et al. 1997; NTP 2000).

Further evidence for the argument that the bioaldity of arsenic originating from inorganic argeads not
necessarily causes the effects typical for ardgsnpcovided by the study of Tinwell et al. (1991) diarsenic
trisulfide. For this substance Tinwell did not olvgethe induction of micro nuclei typical for othiaorganic
arsenicals.

It is well known that seafood contains larger antewi trimethylated arsenic species and arsenosiigase arsenic
compounds are generally deemed toxicological ifeis.however important to note that up to 4%tlef airsenic

contained in seafood is present in the form inoigarsenical compounds (Borak and Hosgood, 206/ome cases
this value is actually exceeded (Norin et al. 1985)

Therefore populations with a high consumption @ffsed have a relativelyH. Schenk: “significant” missing ?]
intake of inorganic arsenic. As a result not omha#l amounts of inorganic arsenic and MMA are etantdout
especially an increased excretion of DMA at conegiuins of up to 10Qg arsenic/l in urine was reported for these
populations (Borak and Hosgood 2007; Heinrich-Ragtnal. 2002; Heitland and Koster 2008; Wei e2@D3). No
evidence is known to the author pointing at andased risk of cancer or any other disease causarsegic for
population with high consumption of seafood.

All data published on DMA excretion of workers hretgallium arsenide industry show levels substtyntixelow 100
ug arsenic/l urine (Farmer and Johnson, 1990; MaatuhLeese 2010; Morton and Mason 2006).
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In summary there is no sufficient evidence
- that exposure to gallium arsenide results imangased level of methylated arsenic species ihthgan body

- that the metabolism of arsenic to methylatedracsgpecies provides a plausible mode of actiaerive a
carcinogenic potential for the respective arseracal

- that the data on gallium arsenide gave cluearfigrof the postulated modes of action.

Based on this it appears totally inappropriateeové form the bioavailability of insignificant amts of
arsenic (comparable to those or actually exceegie¢ddse arising from geogenic sources and fromitrarty
and the metabolism to methylated species thersafemonstrated in the case of hamsters, classifyahiym
arsenide as “carcinogenic to humans”.

(Dr. Ernst M. Bomhard)
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ECHA comment: The attached document (UMS_comments
on_Further_Public_Consultation_Phase_of ECHA forAGaclassification2011) is copied below

Gallium Arsenide

Position of United Monolithic Semiconductors GmbH @ the
Opinion of the Committee for Risk Assessment

proposing harmonized classification and labelling

at the EU level for GaAs adopted May 25, 2010

G. Hirschle, FE Quality-/Environmental Manager Apd, 2011

United Monolithic Semiconductors (UMS) welcomes thether public consultation on the carcinogenidfygallium
arsenide by ECHA.

UMS designs, produces and markets leading edgeillfrater wave components and solutions with Gatliu
Arsenide (GaAs) and Gallium Nitride (GaN) for

- Telecom infrastructures (wireless industry, PtanPoint, Point to Multi-Point, LMDS and VSAT ajxdtions)

- Space (sensors, communication, phased array, reaidin observation)

- Security and Defence (S-band radar, C-band raihiX-band radar, communications)

- Automotive ( acc radar, short range radar)

- Industrial, Scientific and Medical ( road tolligplication)

UMS is the European leader in IlI-V foundry andwsmns and offers a wide and unique range of teldgies and
State of the Arts products up to 100 GHz. All UM®gucts are RoHS compliant and UMS does not us&R&ACH
Substances of Very High Concern (SVHCSs) in its padsl or packaging materials.

We carefully read the RAC opinion on GaAs clasatfizn and the background documents, but we doméeagith
that argumentation by the RAC.

Please find below our serious concerns described detail:
1) Procedure of RAC process:

RAC did not fully conduct the review task as theguired (e.g. they did not verify the conclusioaisdly quoted or
referred to in the report of the French CA).
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RAC did not extend its review sufficiently to coneean independent opinion.

The Read-Across was applied without sufficient prafdhe appropriateness of the Read-Across approac

The Read-Across was used to overrule the toxicodbgest findings despite strong evidence that#reinogenicity
of arsenicals is likely to have a threshold belomiocl there is no carcinogenic activity.1

2) Content of RAC opinion:

The outcome of the NTP study was only superficiedlyiewed and not put into a perspective. The megat
genotoxicity data were not adequately considereldadso not put into a perspective on the likelihobd
threshold/NOEL of the arsenic carcinogenicity. Bapportive value of the epidemiological studiethie
semiconductor industry was not recognized, therghgring the existence of exposure data in thisigtigy.2

The two claims that supported the rationale forrdmo/fertility classification (absence of othexit effects and
accumulation in rat testis) were not checked andamg conclusion was taken. A plausible toxicolafjimode of
action of the fertility effects in experimental andls at high dose levels was not recognized.

Arsenic is rigorously managed in the semiconductomanufacturing environment and there is no consumer
exposure

The use of arsenic as a component of GaAs in sewhicdor manufacturing does not pose a threat thingan
health or the environment due to the closed systamufacturing and the stringent manufacturing @sin place in
semiconductor factories using GaAs. The use of Ges2& semiconductor wafer material is stringeniyitored and
highly regulated. There is no arsenic exposurerpiatefor the consumer during the use phase oétéetronic
product, e.g. the mobile phone. The end of lifesghaf the mobile phones and other electronic prisdare covered
by the EU WEEE directive and therefore potentialimmmental exposure is minimized.

The amount of arsenic in a semiconductor devitgpigally very low, in the atomic range. Furthermpthe tiny
amounts of arsenic present in the semiconductar posxposure risk to the consumer of the finaltedaic product.
These trace amounts of arsenic are chemically boutiek silicon crystal and then encapsulated @2SiThe
semiconductor device is further encapsulated inal package to both physically protect the dewnd to create a
practical means of attaching the device to a piietecuit board.

Conclusion:

UMS strongly recommends to review and to evaluagestientific data of the recent years and takedta account
for the classification of GaAs regarding

- Carc. 1A - H350 and ignoring a threshold and

- Repr. 1B — H360F.

References:
- Dr. Ernst M. BomhardComments on the RAC Opinion on Gallium Arsenide. 2011
- Dr. Ernst M. Bomhard, 8llium Arsenide On the Subject of Carcinogenicity and Fertilitifeets, 08. April 2011

1 Dr. Ernst M. BomhardZomments on the RAC Opinion on Gallium Arsenide. 2011
2 Dr. Ernst M. Bomhard, &lium Arsenide On the Subject of Carcinogenicity and Fertilitijeets 08. April 2011

21/04/2011

Germany / Sylvi

Dear Madame or Sir,

Thank you for your
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Claussnitzer /
WirtschaftsVereinigung
Metalle / Industry or
trade association

we welcome the opportunity to give comments inrtHaunched public consultation and to submit nefarimation
on the carcinogenicity of Gallium arsenide. Plésd the comments attached as a PDF File.

Yours sincerely

Sylvi Claussnitzer (representing the Arsenic Cotigorand WirtschaftsVereinigung Metalle Germany)

ECHA comment: The attached document (2011-04-21_V@é&kment_Consultation_GaAs.pdf) is copied below.

Comments on second public consultation for a harmased classification & labelling for Gallium arsenice
Substance name: Gallium arsenide

CAS Number: 1303-00-0

EC Number: 215-114-8

WirtschaftsVereinigung Metalle (WVM), the GermanmNBerrous Metals’ Association, represents the Garmam
ferrous (NF) metals industry towards politics acdreomy. We support our members in regulatory, oatapal

health & safety affairs in order to maintain anthbish measures at a very high level. Today, W\&4 639 member
companies, including producers and processorsrefmatals and compounds.

Some of our members also produce and handle argediarsenic compounds as this is a natural conmpofie
several non ferrous metal ores and concentratesldition, we represent one of the leading produoéarsenic
metal. We represent the secretariat for the coimsomn arsenic and arsenic compound. GaAs ispstiiuced in the
EU, and also imported via articles (mobile devia®) IT chips. Gallium arsenide (GaAs) is withie 8tope of the
consortium managed by WVM.

Industry already submitted the REACH registratiossier for Gallium arsenide in the first registratphase
although the existing harmonized classification@allium arsenide (R23/25 and R50/53) in connectvth the
relevant tonnage would not require such an eatipmcConsequently, industry takes full respongipiinder
REACH.

We would like to emphasize that the harmonizedsifiagation and labelling case of Gallium arseni@s klearly
raised the attention and concern of the whole msdtor and their affected downstream usershi&eompanies of
the electronics sector. Major concerns are theiwayhich the substance was assessed under the BAER rules,
which industry felt was both in conflict with thpist and the letter of REACH and also set unfoaienprecedents.
We already addressed that and therefore appréb@iavolvement of stakeholders in this second glbason round.
Our principal concerns in respect of the secondipgbnsultation for a harmonised classificatioria&elling for
Gallium arsenide are threefold:

1) Taking into account the registration information

While production of the substance is below thegeigimit for REACH registration in 2010, the indiystook a pro-
active line and submitted an extensive, fact-basebwell-documented early registration. Althougarieh CA were
informed of this intention the discussion went ahead resulted in an RAC opinion that does notgeize the
information included in the registration file. Imroopinion and based on scientific evidence orsthestance this
would lead to a different conclusion in respedthi® hazard classification. Validity and relevan€submitted

comments.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

We note that you
represent the secretariat
for the consortium on
arsenic and arsenic
compounds and that IND

already has submitted the

REACH registration
dossier on gallium
arsenide. However, as is
always the case, the
starting point for RAC
was the classification
proposal from the dossie
submitter. When
processing this RAC
became aware that
available knowledge on
carcinogenicity from
other arsenic compounds
was not included and felt
it properly and according
to the CLP Regulation to
include this in the
assessment. The NTP
animal studies were also
included in the
assessment.

Regarding your comment

re
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REACH registration data are ignored and the regydteposals must therefore reflect an incompletevvi on occupational

2) Existing substance specific data must not beriggh epidemiological studies

Data on GaAs include a long-term carcinogenicitgleation by NTP and others, in general concludiegative please see response to

evidence. Additional and new epidemiological woldoded to negative conclusions and should not bely Germany / Christian

recognized as supportive evidence given the lowmel and exposure conditions occurring for GaAs peoty and | Eckert / ZVEI / Industry

using sectors. or trade association in the
beginning of this

RAC simply overruled this by read across to welbm carcinogenic Arsenic species (e.g. As203). $hguas a document.

whole cannot follow this approach and wonders wig lguality substance specific multiyear studiesusth be

conducted in future if they can be set aside byavgn read across from a substance with signifididfarent Regarding your comment

behavior and toxicological profile. This clearlyatlenges the priority use of existing data. Basethe existing on toxicity to

evidence for GaAs a Carc Cat 1A classificationéady not warranted. reproduction, please see
response to France /

3) Reprotox analysis should be reopened Thomas Pearsall /

GaAs was also classified for Reprotox effects basedn opinion of the French CA. Checking the oiédireferences| European Photonics

industry discovered that the studies used to caolectbe classification were presumably accidentailgquoted by Industry Consortium /

France. This led to the opposite classificatiothas indicated by the data. Although not foreseethis consultation | Industry or trade

phase industry urges ECHA taking into account thersific comments brought in by the toxicologiatding on association in the

behalf the Freiberger Compound Materials GmbH wigch German medium sized company and one of fesldwo | beginning of this

market active producers of GaAs wavers. Taking atcount critically the data from original paperdear effect on | document.

fertility at low doses in the absence of other ¢eedfifects cannot be assumed. This clearly contimtiicthe proposed

Reprotox Cat 1B classification.

We would like to emphasize that industry wants RIEEAG be a correct, credible and efficient risk ngaraent tool

for the safe manufacture and use of substancdading GaAs. Given the arguments listed above wiewethat an

in-depth review of all available data, including tfegistration file and not limited to the carcieag endpoint will

result in a more adequate classification and labgdroposal.

21/04/2011 | United Kingdom / lwar] ECHA comment: The attached document (IQE GalliuseAide Classification-ReadAcross-LH.pdf) is cofietbw. | Thank you for your

Davies / IQE plc /
Company-
Manufacturer

IQE plc response to Gallium Arsenide ClassificationRead Across Analysis

IQE plc analysis of the Read Across approach use@ailium Arsenide Classification by the ECHA/RAGrihg
2009/2010 before arriving at its Opinion on 25thyN2810.

Dr. JI Davies B.Sc. (Lond.), ARCS, MRSC

IQE Group Technology Director

21st April 2011

The Harmonised Classification of Gallium Arsenide aCommunity level by the European Chemicals Agency;
ECHA/RAC/CLH-0000000792-73-03/F

IQE plc is submitting the following report and commts in respect of the above classification prot@s&allium
Arsenide. IQE is firmly established as the leadjtapal supplier of advanced Gallium Arsenide argium
Phosphide compound semiconductor wafers with prisdbat cover a diverse range of applications, supg by an

comments, including the
attempt to perform an
analogue approach
evaluation of gallium
arsenide in-line with
CLP/OECD Guidance.

Regarding your comment

on use please see response

to France / Thomas
Pearsall / European
Photonics Industry

Consortium / Industry or
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innovative outsourced foundry services portfoliattallows the Group to provide a 'one stop shapthie wafer needs
of the world's leading semiconductor manufactuk& uses advanced crystal growth technology (epjtt
manufacture and supply bespoke semiconductor wéégriswafers') to the major chip manufacturing pamies,
who then use these wafers to make the chips wbich the key components of virtually all high teclogy systems.
IQE is unique in being able to supply wafers usii@f the leading crystal growth technology platfs. Our
products are found in many leading-edge consuneennaunication, computing and industrial applicatiansluding
a complete range of wafer products for the wireledastry, such as mobile handsets and wirelesastficture, Wi-
Fi, WIMAX, base stations, GPS, and satellite comivations; optical communications, optical storaG®( DVD),
laser optical mouse, laser printers & photocopigie;mal imagers, leading-edge medical productsdo, high
efficiency LEDs and a variety of advanced silicaséd systems. The demand for the supply of compound
semiconductors has seen rapid growth, fuelled katgethe increasing demand for feature rich hatedaed
smartphones. IQE's strategy of investment in waddwnanufacturing bases offers customers the sgafrsupply
and the ability to increase capacity in line witmthnd.

IQE recognises the inherent toxic nature of sonhe@inaterials used in the semiconductor indusityas a result,
employs a high degree of safety-enhanced and higlgrity equipment features to ensure that hazarduaterials are
not exposed to personnel. In recognising that @allArsenide possesses some toxic properties, tpoBal being
considered here to classify it as a Carcinogente@eay 1A is unjustified and unscientific, basedtio@ evidence
presented. The following report addresses the Readss approach utilised to reach the judgmentreffdy
RAC/ECHA in its Opinion Document referred to in thigove title.

On behalf of IQE plc
Dr. J. lwan Davies, Group Technology Director

Executive Summary

A second 45-day Public Consultation on the harnamhidassification and labelling under Registrati&waluation,
Authorisation and Restriction of Chemicals (REACGHYH Classification, Labelling and Packaging (CL&Yglines,
of Gallium Arsenide is currently ongoing, termimagion 25th April 2011. There was minimal negatiwedback to
the European Chemicals Agency (ECHA) on the 1stsGibation in Jun/Jul 2009. The Risk Assessment Cibt@en
(RAC)/ECHA published its Opinion Document in Mayl®and decided to upgrade the category for careinicdy,
based on read across from other arsenic compoigteld &s carcinogens in category 1A in CLP AnnexTdble 3.1.

The new classification was:-

Carc. 1A — H350 (May cause cancer)

Repr. 1B — H360F (May damage fertility)

STOT Rep. 1 — H372 (Causes damage to the respirayoand haemotopoietic system and testes through
prolonged and repeated exposure)

Owing to a combination of lack of awareness, ignoesand generally poor publicity, the GaAs indusizng become

more aware of the situation during the last 6 methso. Efforts are underway through internatiomadking groups

trade association in the
beginning of this
document.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional

response to comments).

For RAC evaluation of
Carter et al. (2003) pleas
see point 6) of the Annex
to RCOM (Additional
response to comments).

Regarding your comment
to the IARC monograph,
we would like to mention
that Tokar et al. (2010)
confirms the validity and
result of the gallium
arsenide longterm NTP
study (NTP, 2000).

The F344/N rat is known
to have high background
incidences

of certain types of tumorg
including testicular
interstitial cell tumors and
mononuclear cell
leukemia, and was
discontinued from use by
NTP because of this.

Regarding your comment
on effects from particles,
please see point 3) of the
Annex to RCOM

n

£e

1)

(Additional response to
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and committees, individual companies, stakeholgrislic and political bodies to gather as muchiimfation as is
possible to support the move to downgrade or te lfialy reviewed the classification of GaAs, usmgvider breadth
of scientific, toxicological and statistical infoation. The challenge to the GaAs industry wouldvbe-fold. Firstly,
the toxicological data would be reviewed for it$ididy and accuracy, with eminent experts in theddibeing
employed to assist with such activities. Seconitig,approach and mechanisms used by ECHA to prdodesd
classification would be cross-examined. Commentsraports, pertinent to both activities, are reggito be posted
onto ECHA'’s website by the 25th April 2011 deadline

This review aims to discuss the toxicology, procedwand mechanisms surrounding this classificgtioness. It alsg
seeks to argue the case for a more robust andutjomreview of the science (chemistry and toxico)agyyd how the
information can be used more sensibly and accyrati¢hin the REACH/CLP classification mechanisms.

GaAs Classification Timeline, Processes & Mechanism

Timeline

o A French Competent Authority delegation submitiedAnnex XV dossier to the European Chemicals Agen
(ECHA) inMay 2009as a “Proposal for Harmonised Classification andelling: Gallium Arsenide”.

o The original classification proposed by the Fredelegation was:-

Carc. 2 — H351 (Suspected of causing cancer)

Repr. 1B — H360F (May damage fertility)

STOT Rep. 1 — H372 (Causes damage to organs)

0 The 1st Public Consultatialune/July 2009 responses received from several Member Statesnamcklevant
responses from Freiberger and Recapture Metall,flmh Germany. Both commented on the interfereridhis
consultation period with that requiredRegistertheir substances under REACH regulations. They akeady
producing dossiers for this purpose and did nat fire time to simultaneously compose purposefulrnents within
the short 45-day period.

0 On25th May 201Q following several RAC Meetings and perusal of dlaga, literature citations and use of read-
across methodology, the RAC published three doctsném “Opinion to..., “Background Document to...and
“Response to Comments Document to.. the proposed haonised classification and labelling at Community
level of Gallium Arsenide”.

o In this Opinion Document, the RAC had reviseddhiginal classification to:-

Carc. 1A — H350 (May cause cancer)

Repr. 1B — H360F (May damage fertility)

STOT Rep. 1 — H372 (Causes damage to the respirayoand haemotopoietic system and testes through
prolonged and repeated exposure)

and followed up with scientific grounds for the Gipin

0 On1lth March 2011, ECHA issued a News Alert, announcing a 2nd Cdasah period, ending on 25th April
2011.

comments).

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

Regarding your comment
on threshold for
carcinogenicity, please
see point 2) of the Anne
to RCOM (Additional
response to comments).

Regarding your comment
on the metabolic pathway
of gallium arsenide and
other arsenic compounds
please see point 5) of the
Annex to RCOM
(Additional response to
comments).

Regarding comments on
bioavailability, please see
point 4) of the Annex to
RCOM (Additional
response to comments).

Regarding your comment
on the Rosner and Carte
et al. papers, please see
the Annex to RCOM
(Additional response to
comments).

D
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Discussion of the RAC Opinion and REACH/CLP Methoddogy used

The RAC reconfirmed the ReproToxicity and Speddigan Toxicity gradings, but upgraded the classiion for
carcinogenicity with the following comments:-

1 None of the studies of cancer in the semiconduntiustry were informative.
[ Gallium arsenide was only carcinogenic in femals {not male or either sex of mouse).
1 Carc. Cat 2 was appropriate based on this anitmdy s

[0 There was no human epidemiological data for caggnicity of Gallium Arsenide available.

1 Owing to the increased sensitivity of humans tecAcinogenicity, it was decided to use data fréudies of As-
contaminated drinking water and copper smeltingrenments, due to arsenic oxides(s) — these agadyrCarc 1A
in Annex VI, Table 3.1.

[ The process dRead-Acrosswas used and applied to GaAs, supported by toxietic data. It described a

metabolic pathway from the apparent dissolutiosafAs and similar to that of the already-classi#fedcompounds.

0 By applyingWeight of EvidenceandRead-Across justification for upgrading the category for GadsCarc 1A
was made by taking the carcinogenicity of otherilsinfmetabolic pathway) As-compounds into relevant
consideration.

Theread-acrossmethod is one of the techniques used by ECHA (alB@D— Organisation for Economic
Cooperation and Development) for filling in of gapsiata when comparing chemicals within a seriegrouping.
This is covered in more detail in Appendix 1.

Discussion of the Read-Across Approach and RAC Opion

The justification by the RAC is clearly based, asnexclusively, on the detectiagmvivo of metabolites irsome
studies on animals exposed to inhalation and/arstign of fine GaAs particles. These metabolites ar
similar/identical to those found in epidemiologisalidies on humans, known to have been exposedédaia oxides
through contaminated drinking water or copper smglprocesses. The RAC/ECHA, according to its Qpini
Document of May 2010, has read-across the endgatatfor carcinogenicity from arsenic trioxide ardenic
pentoxide to its proposed classification for GaAsased exclusively on the observation of similatamelites in
blood and tissues.

IQE Evaluation and Concerns on Read-Across

A complete list of those arsenic-related compoundgently in Table 3.1 of Annex VI of the CLP lelgitson is
shown in Appendix 2. Some of these compounds hage bemoved for this current evaluation of the 1a@ebss
method, whilst others have been retained, initigllgrder to ascertain whether they form a chengetégory or
analogue approach as is outlined in the guidancellB/OECD. The chemicals removed from the full ¢adohd the
reasons are as follows:-
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Triethyl arsenate and t-butyl arsine - organomietattmpounds
Lead Hydrogen Arsenate - lead compound (Pb cation)

The remainder of the compounds have been collat&alle 1, which has been constructed along timeiptes of an
analogue approaclin CLP/OECD guideline documentation. GaAs doessitatomfortably in an arsenic compound
chemical category these are groups of compounds sharing a cleat tnedata, whether physico-chemical, humar
health or environment properties and endpoints.|&/bhemical categories such as groups of i) vagrgarbon chain
length organic compounds or ii) inorganic compousitiring a common cation and oxidation state, @xisase-
studies quoted by OECD/REACH, there is not any suetvincing evidence for the arsenic compoundsabld 1.
The favoured approach for a minimal range of compsus therefore, the analogue approach, whéneited
number of chemicals exist. Tipgoposectlassification of GaAs from the RAC Opinion is ene@into the Table in
red for illustrative purposes.

The comments below are derived from an evaluatfahis Table, based on tlamalogue approach

[0 The Table has been presented in order of incrgasiiglation state of arsenic from GaAs and arsindl§ through
Arsenic at 0 and then to the oxides and their retspeacids at 11l and V.

1 Of the series of arsenic compounds already cladsi® CLH, only arsine, arsenic, arsenic trioxéghel pentoxide
(and their acids) are remotely relevant — the atlaee organic or other metallic compounds

[0 The oxides plus their hydrated forms are added imean attempt to evaluate whether a coherenfpgngwcan be
formed — with a view to making any form of readess a more robust activity, based on a wealthlefaat and
reliable data.

0 In GaAs, Gallium is thereforeprmally considered the cation and arsenic the anion irctisext, although some
workers report GaAs as a covalent compound

0 To that end, the trioxide and pentoxide, with agidn state at +11l and +V respectively show ttnegt &rsenic is
overwhelmingly the “cation” — arsenic is a metall@ind an element of extreme versatility, showing ldrge range
of oxidation states.

[ The physico-chemical properties are summarisest-thu

0 GaAs is much more insoluble in water than thelesi€.f. <<1g/L against 37-660g/L). Data for arsenic (arsire)
are similar to GaAs.

o The melting point of GaAs is very high at 12383 312/315:C for the oxides)

o The crystalline structure and appearance of Ga4gite different to the oxides, grey and metdltis in arsenic) as
opposed to white, hygroscopic crystals/powdergteroxides.

o Gallium arsenide and arsenic are generally dehaerthe oxides.

0 There is not therefore, a credible series of camgds from which to easily extrapolate propertiesd andpoints to
GaAs and given the fact that arsine is a gas, theaose analogue gossiblyarsenic.

0 It is clear from the Table that the ONLY read-asrendpoint is the proposed Carc. Cat. 1A fronogides to
GaAs. There has been no attempt to simultaneoastiassify arsenic, if indeed it were relevanttimtarc 1A), as
might be expected if the read-across methodologe weaobust and credible process.

N
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0 The classification for repeated dose (STOT) angr&Eoxicity are clearly not read-across and musehderived
from the original animal experiments, principaligri the National Toxicity Program [NTP 2000].

0 To this end, much of the evidence presented #wuagdpears to downgrade, without total justificatite effect of
gallium on toxicityetc. More effort appears to be concentrated on reagsanf the As-species. Given the STOT an
ReproToxicity endpoints, gallium may well have &r play in the toxic mechanisms.

[0 Overall, it would appear that the read-acrossgssdias been performed to a limited extent, makignian expert

judgement but minimising on weight of evidence &ndwn negative results from both animal and human
epidemiological studies.
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TARGET A HEERSET T POS55. ANALDGLUE APl EERHET Mo data AR HEERSET T AMALSERERT
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Cheimiza| Feammiiila GaAs Adty B By AsfOH], Ay Highasly
i rtlcal Wamiae {ILIPAC) [y ey ey ol i s Ll i Ik i i A il Lt il A Aid
Physico-Chemical data
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Table 1 — An attempt to perform an Analogue Approach Evaluation of GaAs in-line with CLP /
OECD Guidance

0 The Weight of Evidence claim from the RAC Opiniatfiers to the “metabolic pathway” reference in stadies of
GaAs in hamsters and an assumed similarity toabsgrved in human epidemiological studies fromidnigp water
contamination and copper smelting activities. Hogveit chooses to ignore and rule out the following

o The limited animal data (female rats) for Carg@eicity would have been barely suitable, accortinGLP
guidelines, an excerpt from which is given in Apgier3, for a Carc. Cat 2 rating. New evidence hosvesee
Discussion section below, shows that this studois invalid, effectively meaning thab animal evidenceexists.

o The multiple evidence of epidemiological studiethe semiconductor industry in the past 25 yésirse the
citations in the Opinion document were publishetf)ese are listed in the Discussion section onARC/RAC
position

o Negative endpoint information is just as valichasitive, again as per the CLP/OECD guidelines

Instead, the Background/Opinion documents contiaugiote the IARC contention (2006) that GaAs ig phan
overall Group 1 rating for Arsenic Compounds ing@h This will be discussed in more detail later.

A further protracted review of the OECD and CLP d&lines on Chemical Categories and Read-Across detnades
a number of flaws in the derivation of the Backgr@l©pinion documents.

1. Read-across should only be applicable to evesrtiallest (analogue) of groupings if the composihdse
common structural features and underlying mechanshaction. Since GaAs is at one end of our “s&rie
extrapolation of the data should not be recommeiadétiere is clearly not a common underlying mddection.

2. Because the number of chemicals is limited,@mgclusion will not be robust and is too heavilljaret on Expert
Judgement — much of this is not suitably justifidtko RAC/ECHA has not fully explained which typERead-
Across process was used.
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3. The influence of the Potency of the chemicalRegulatory Classification was not discussed, gitxa for CLH
and risk management processes, a threshold nebdsoted. To this end, additional testing isroftensidered to
demonstrate the differences in potency acrosssbees”, which could warrant different classificets.

4. The Quality and Suitability of the methods liste the Background/Opinion documents should beired to meet
current acceptable standards (e.g. OECD). The agtsare based on 1984-87 papers — as stated yshyiavork
conducted since these dates, has been largelyeignor

5. The Weight of Evidence guidance should be basewlevant, reliable and sufficient hazard datadgulatory
purposes. It should also be based on the totdlig@ywailable information, whether experimental diraated. The
wealth of recent data mentioned in 4. above shbaleé come into consideration.

6. Metabolic Pathway— this forms the main basis of the argument. Thdagce states that it should:-

a. Address the common toxicological mechanism hoipeints related to systemic effects. They maypnetlict local
point of entry (skin, lungs) due to the Parent Cooml.

b. The underlying hypothesis is the sequential bwism of Parent Compound to downstream blood Rsiraad
Secondary metabolites. The approach is usuallyweddor toxicological endpoints.

c. The pathway should be detectedivo, with metabolites detected in blood or tissue.

d. The recommended level of evidence as stand@tRECT measurement of Parent Compound, Primary and
Secondary metabolites, in bload,vivo.

e. A limitation of the approach is that it is onlgeful for identifying hazards related to systebi@od levels of the
Parent and Primary/Secondary metabolites. Othgvants (skin, respiratory tract) cannot be addmdsgese are
often related to the physico-chemical propertiethefadministered chemical and may differ betwesnet, Primary
and secondary metabolite

f. Definite data on the metabolism should be preglig.g.time course data for both Parent and metabolites.

g. Determine whether the metabolites are formegpjreciableevels in blood and tissue and determine basic
toxicokinetic parameters for the Parent Compound

h. Other studies using the Parent Compound shaukkamined for similar toxicity. Toxicokinetic expaents
should have robust summaries, detailing relatieedlevels.

7.Commentary on Metabolic Pathway Argument— considering the points stated in 6 a-h abovéalen from the
CLP/OECD guidance notes, it would appear that tetabolic pathway assumption used in the ECHA/RAC
Background and Opinion documents of May 2010 issiawplistic and lacks a certain amount of justifica.
Challenging arguments include:-

a. No proof or evidence on how GaAs dissolves haddésultant As-moiety bio-transforms from a (—tKidation
state to the (l1l/V) inorganic As species and thdéer to the arsenical metabolites, in the quosferences.

b. There is no ample evidence of detection of #w@f compound in blood or tissues as per the reemded
standard, not is there evidence of appreciablddexfehe metabolites in the same medium.

c. There appear to be no obvious hazards and emdphie to systemic effects for which the metahudithway
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approach is well suited.
d. Where the metabolic pathway is not suited, sischt the points of entry into the body, appreeiatkicological
effects have occurred e.g. the lungs acting asrd pbcontact for particulates

Discussion of IARC/RAC Position

The IARC monograph of 2006 is bereft of modern tsithut does mention a very good review by Catexd (2003).
In addition, the RAC Background document also gsitite updated IARC Monograph published in the Lance
(2009). This document is a brief and not partidylarformative update and makes no mention of GaAaintaining
its earlier position on Arsenic Compounds in Gehdranentions, but contains no proof, that Diméé#nginic acid
metabolite (DMA) is carcinogenic to animals andfiermore, the updated IARC opinion groups the naditzs
DMA and MMA as Group 2B —possibly carcinogenic to humafs

Returning to the IARC monograph of 2006, the Fibaluation states that there isddequate evidenc¢en humans
and ‘imited evidencgin animals for the carcinogenicity of GaAs. Iretfinal paragraph of this 2006 monograph, t
IARC Working Group agreed that for GaAs, there Was data of cancer in humarsand is at best aveak
carcinogen in animals. The IARC continues to adopt an extremely conatve approach for GaAs, by retaining it
in Group 1 based on thmtential to cause cancer on account of two mechanisms.ifihésfthe observation of a
small release of inorganic arsenic from the breakdof GaAs at its distribution sites and the secisrttie
observation of lung cancer in female rats. The fitrechanism, namely thmetabolic pathway, is discussed at lengtt
later on. The second issue discussed by the IARGHRIn its Overall Evaluation to retain GaAs wittthe Group 1
“carcinogenic to humafigategory will be discussed next.

It is suggested by the IARC *2006+ th&hé gallium moiety may be responsible for the loagcers observed in the
study of female ratsRecent evidence has emerged that the F344/Nasabeen discontinued from use in Toxicity
Studies, King-Herbert and Thayer [2006]. The chranflammatory effects of intracheally instilledrgales are
probably more responsible for the neoplastic tramsétions observed in animal species, than thermagenic effects
of GaAs. There is some evidence of pulmonary effdae to the inhalation of GaAs particles, Webhl[1986,
1987] where histopathological evidence was usessess inflammatory responses and where also ptexioamt
activity was discussed. Many workers agree thaatBenic species more readily dissolves and thahrofithe
gallium is retained in the lung for long periodseapectorated by pulmonary clearance and thenlsapxdreted in
the faeces. Other mechanisms, such as the efféhedangs of particle exposure in itself and ii¢emtial to cause
cancerc.f. other particles like silica, NTP [2000], have als®en recognised. Some report the Gallium Arsenide
particles as beingbughly sphericdl Webb et al[1984], whilst other reports show them to lmaiblic, columnal or
pyramidal, Yamauchiet al[1986].

A study by Tanakat al[2004] between the intermetallic semiconducting poonds, indium arsenide (InAs),
gallium arsenide (GaAs) and aluminium gallium aiderfAlGaAs) on intratracheal instillations in haers is very
informative. It recognises the potential effecttba lungs of rats in the form of lung tumours du@on-fibrous solid
particles €.g.titanium dioxide, diesel soot, carbon black and)tak described by Nikula [2000]. Also it and ither

related studies showed the effect of the countei(iie. not arsenic) on lung damage by these irgtattic
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semiconducting compounds. Indium arsenide appdarbdve the greater toxic effect on the lungs iynfog more
prolific pulmonary lesions and leading to a gred&tss in body weight andincrease in lung weight jparad with
GaAs and AlGaAs, Tanalet al[2003, 2004]. Comparisons have also been made batimé\s, GaAs and InP, whe
pulmonary lesions were found in InAs and InP, ioitin GaAs, Tanaka [2004], Tanakaal[2003] and Yamazalet
al [2000]. What all studies are agreed upon is thatifferences in toxic manifestation are more jikelie to the
dissolved counter-ion and not arsenic itself arad the physical nature of the particles contribtiethe toxic
response. Similar observations in varying courtdereffects in other gallium and indium containimgnéconducting
compounds were reported by Morgatral[1997]. All suggest that the biological effectstibése semiconducting
materials warrant further investigation. Chitamfzdr10] discusses the role played by the countegaitium and its
role in organ toxicity other than the lung. He atatlines in this paper the widespread use ofgallcompounds in
anti-cancer treatments, but also acknowledgeseitp@inement for a better understanding of the meashanof action.

Also key in the IARC and RAC position is the notitrat all the epidemiological information from themiconductor
industry was ot informative’ or there was fio human data availableon the carcinogenicity of GaAs. Many
publications have discussed the exposure to Gadsrenbiological monitoring of stafé.g Yamauchiet al[1989],
Sheehy and Jones [1993], Morton and Mason [20G6k € al[2010] and Morton and Leese [2011]. These
publications show the changing exposure levelsgdnAdiffering operations within the plants, andarly show that
there is some uptake of As-related species witherbody. However, epidemiological studies existrfigublications
within the last decade, some of which look at humiata in semiconductor industries back to the 1B&8-Boiceet

al [2010], Nichols and Sorahan [2005], Beetllal[2005] and Darntoet al[2010]. These have largely been ignoreg
by RAC in their Background/Opinion documents. Nehew any evidence of workplace exposure to As withe
semiconductor industry and any increasing riskantacting cancer. Both major points raised in ga@gagraph are
tied together by the more than probable existefieglreshold for carcinogenitic effectsof GaAs.

The RAC Background Document assumes that tis& 6f cancer increases linearly with dosand justifies this by
referring to EPA guidelines. Schoehal [2004] highlighted updated versions of these gumesl| (Draft 2003, finally
published 2005, http://cfpub.epa.gov/ncea/cfm) Wiailow for greater incorporation of mode of action
considerations in dose-response, relying less sumagtions of linearity at low doses. Scheg¢mlcontinue by saying
that current risk methodologies are likely to owtiraate the potency of arsenic owing to its noedinmode of
action. It is highly likely that any thresholdfer in excessof any exposure during GaAs production. This posiis
also supported by Cohexti al[2006], where evidence points to non-linear dospoase relationship for the
biological processes involved in the carcinogeyioitarsenicals. The use of the previously mentiod& EPA
updated 2005 guidelines, using a margin of exposwdel (http://www.epa.gov/cancerguidelines), ghiy
recommended. The RAC Background document refettsettinear relationship based on a much earlierehladgt
updated in 1998h{tp://www.epa.gov/ncealiris/subst/0278.tm

Taking all the above points into consideration witth dwindling robust evidence, it would seem aggrate for the
IARC, and ECHA/RAC, to delay the classificationtbé carcinogenic category for GaAs, until such tthweg further
studies improve the understanding of the toxicolagg carcinogenicity of this substance.

Metabolic Pathway / Toxicokinetic Discussion
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The assumption is based entirely on the dissolutfddaAs in the body into Ga and As “moieties” ,ameersion into
inorganic trivalent (Ill) arsenite and pentaval@v} arsenate and thereafter, by biotransformatiwaugh various
enzymatic oxidative/reductive methylation reactibmarsenicals. These are the monomethylated (MMAY
MMAIII) and dimethylated (DMAV and DMAIII) arsenidanetabolites. A depiction of a series of arsepiecses,
important to toxicity, including their oxidationages, is shown below and is provided by Caatexl [2003]

SAreEic spenes important o icacty

Llaeme | femola) Cherdcal fom Comren
L0y, arsenions acid, ofen called arsenite Ozdation state, A 2111 Lepaeous sohation specics for + 100 pKa = 9.0,
121, 134,
iz sy, arssnic acid wwielly called amerate Ozdation sals, AsW Agaeois sohubon species for +3Y ab pH T4 15 =2
charged anion (HARD, ™1 pka = 221, 608 115
L8H5, arsine Ozadation state, A=) — [1T) Hyddde (H™) Mlost reduced forn of ersenic, sighdy solvble in
waler
CHy-A8 00, monomethylarsonic aad, Orndation sale 15 +% IMethylaled meabolite of 45011, mefabolmed 10
(WA cimsthylarsivic acid
CH3-Ag OH)y monometbglarsonon s acd Ordation ate 12 +100 Fedured metabolie of hibladd
(MLAAELT)
LEH —As (O 0H) dimethylasinic aad, Ordation dale 15 +% Lamethylabed melabolits of A6l and methylated
(LA metebobite of MLNASIL pEa = 6.2,
[CHyy—Ae (OH) derethylarsinoms acd, Cxdation ate 12 +100 Redicad fretabolie of hiblagd
lmt RN ]
Crabs, griliom ersemde Ozdation state of Az iz 0w —[IL Symthetic cotopound with no acid-base bebawor

It was stated by the RAC that such species had foeml in early toxicological studies and to supsrview, it
citedthreekey references in particular. Two were concernetl ttie biotransformation of GaAs in hamsters
(considered more suitable because their urinarglnadic profile resembles that of humans followingrganic
exposure) by Rosner and Carter [1987] and Yamaatcdli[1986]. The other was an excellent toxicochemieslaw

by Carteret al[2003] — same author as above. Typical reactiorhamgisms within this metabolic pathway, are shown

below as taken from Cartet al[2003]. This pathway is also generally supportedmumber of authors reporting in

the last decade, Thomasal[2001], Hughest al[2002], Vahter [2002] and Cohet al[2006].
Arcenic omde metabolism by manenslisn mettylators

1. Baduction-ozidation
Hzsnaly v Ao OH)5
&t A5]11

2 Crmidative methylation
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3 Feducion-oridation
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4, Crmidative methylztion
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IWiWTas 111 Caludiy g3

5 Reduction-oxidation
(OHypAe00H] — (CHy p A OH)
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Whilst thesehree key citationgYamauchiet al[1986], Rosner and Carter [1987] and Caeteal [2003]) in the RAC
Background document are usedoaisnary evidencdor the detection of MMA and DMA metabolites in GaA
“breakdown” as found in the drinking water and ceppmelting studies associated with arsenic oxslase
comments within the papers are revealing. The in&tion contained within demonstrates that the 8@nawith
GaAs is quite different from arsenic (111/V) oxidemrsenites and arsenates (collectively known agémic-As or In-
As by most workers):-

Yamauchi et al papers

Yamauchi, Takahashi and Yamamura [1986{V¥ith the data from the present study, it should notbe defined
whether the chemical species of the arsenic releastom GaAs is inorganic As (lIl) or As(V); hence t is
described aggregately as inorganic arsenic in the@sent papef and“It was further shown that the
concentrations of inorganic arsenic, MAA and DMAA cetected in organs and tissues were low and that the
species of arsenic disappeared rapidly therefroménd“oral GaAs proved extremely less deleteriougthan other
arsenic compounds)

These comments probably raise concerns regardirgadef the guideline recommendations for Readessy
principally those of the detection of a Parent Coom, appreciable quantities of metabolite (in Qitiesues), the
Potency of the chemicals and the resultant effecheshold values. On analysing the paper, someetos are
raised on the seemingly low levels of arsenic-eelapecies when hamsters were subjected to ores dd$GaAs. To
that end, a comparison was made to a similar gap&amauchi and Yamamura [1985] where hamsters were
subjected to anral dose of arsenic trioxide. The paper states thasteamhave a very similar urinary metabolic ra
to humansd.f. Buchetet al[1981]). It is justifiable to compare these two Yaunhiet al papers as the experimental
conditions were identical and arsenic trioxidehis primary chemical the RAC chose as its main Veliar Read-
Across. For the purposes of the study, In-As isttt& inorganic arsenite (1ll) and arsenate (Viitemt. Several
observations and questions/concerns are apparem edmparing the two studies:-

1. Thebackground arsenic levein excreted urine was measured in hamdiefereadministration of As203 and
GaAs respectively. However, the levels and propostidiffered between the two studies. The As208yssthowed
1.69ug As/day (In-As 43%, MAA 2%, DMAA 12% and TMA 43%y)hereas the GaAs study showed Q@@s/day
(In-As 9%, MAA 1%, DMAA 23% and TMA 66%). The woling feature is the much larger proportion of IniAs
the urine of hamsters during the As203 study —ulilisbecome clearer and appear more relevant.later

2. A comparison was made only between roughly edosg¢s of GaAs and As203, normalised and corrdoted
equimolar arsenic.

3. Species detected were In-As, monomethyl arsasiit (MAA), dimethyl arsenic acid (DMAA) and
trimethylarsenic (TMA). TMA was only detected folling As203 administration, probably in the livero IMA
was detected after GaAs ingestion. However, thepdpes point out that the amount of TMA did ndtedli
significantly from the control value and wasdtistically insignificant”. It is noteworthy at this point that the amou
of TMA measured after As203ingestion is generatlyager than the combined In-As+MAA+DMAA total folling

te

GaAs ingestion.
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4. The totals of In-As, MAA and DMAA measured folling GaAs ingestion were consistently of the orfethe
background urine values for each species (considsegistically insignificant for TMA following A923 ingestion).
One minor exception was that DMAA was ~ 4 time$askground value on Day 1 after GaAs ingestiomv@csely,
the same species after As203 ingestion were ofteo gseveral hundred times their background vabwes the 5-day
study.

5. Urinary Metabolic Trend — following normalisation and allowance for equiamodmounts, the In-As and
metabolite concentrations in As203 were ~1000-20@6s the levels found after GaAs ingestion. Midstot all,
metabolic activity (NB — still of the same orderthe background levels) after GaAs ingestion hagkly
disappeared in the urine after 12hr. After As2Qfestion, these levels were maintained thus; In-&ekmg on Day 1
fell to “control” by Day 3, MAA also peaking on Ddywas still significant on Day 5 and DMAA, peakiag Day 2
was also significant after Day 5. The conclusionldde two-fold: i) the levels of arsenic speciesasured following
GaAs ingestion were statistically insignificant @ndnorganic arsenic and its metabolites werehtatisorbed more
easily and were retained within the body longelofeing As203 ingestion. Total urinary excretioneaifé days was
only 0.15% of the total As dose for GaAs whilsivds 48.5% of the total As dose after As203 ingastio

6. Whole Blood Trend— In-As and its metabolites were of the same cadehe control (<0.0Qd/ml) in blood
following GaAs ingestion but were 1000-2000 timéghler (~0.1 — 0.2g/ml) following As203 ingestion. Also the
levels were insignificant 12hr after GaAs ingestiut didn't fall to the control level until 72hrtaf As203 ingestion
Also DMAA in plasma was ~1000 times higher for Atan for GaAs

7. Faecal Excretion Trends— Following GaAs ingestion, 82% of tihetal As dosewas excreted in the faeces after
day - the amount after 5 days was 88%. Meanwhil@d§203, only 2.1% of the total As dose was excrétethe
faeces after 1 day, increasing to 11% after 5 days.

8. Total Excretion After 5 Days— 88% after GaAs and 59.5% after As203.

It appears that inorganic arsenic and its metadmlite more easily absorbed, are higher by 3 oofienagnitude in
blood and urine and are retained for much longkaiing As203 ingestion than is the case for Gafgesstion. To
this end, it could be argued that the amountseddlspecies following GaAs ingestion are effecgigthtistically
insignificant. To compare with the case for theears oxides, justification as per the recommendaddards for
Read-Across in GaAs appears presumptive. This mvesspect of potency and thresholds, appreciabled®)
amounts detected and proper identification of gseci

Furthermore, another article by Yamauchi, Takahadhshiko and Yamamura [1989] throws further lightthe
subject as in this case, biological monitoringpttgh inhalation, on humans working in a GaAs factas well as a
copper smelting establishment) was performed. Whtitould be demonstrated that there was a highborne
arsenic concentration (usually in the form of cheticles) in some production areas of a GaAs flamto 24.9/m3),
compared with 2g/m3 in inspection areas, the urinary total inoiganmetabolite concentration was essentially
unchanged (although the In-As did rise slightlytfoe production area workers). The highest recotded urinary
arsenic concentration was recorded by office warlatthe same plant.

However, these were still 108dwer than the control, a group of 102 students not exgpds GaAs. It is recognised

that TMA measured in the urine of all workers andtcol is due to arsenobetaine, a harmless orgatistance
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derived from seafood and is therefore heavily ddpahon the diet of subjects. The copper smeltejests worked
in a sulphuric acid plant nearby and the averagmaie arsenic concentration was g§én3, greater than 10 times
the maximum of the GaAs plant, but typically of tdreler of > 150 times the typical value (it couksldscertained tha
those working nearer the smelting activities weqeosed to even higher values). It is well knowrt tha inorganic
arsenic (111/V) oxides are the primary arsenic-@ming agents in such establishments and the lavéhte urine of
copper workers demonstrated a much increased imoédef In-As, MAA and DMAA of up to 10 times that the
GaAs workers and controls.

There is evidence therefore, that despite somemuipiake of environmentally sourced arsenic (Gadst)dn the
GaAs industry, levels of inorganic arsenic andrittabolites in urine were unchanged compared Wwéltcontrols.
This was clearly not the case with an As203 richirenment in a sulphuric acid plant close to a @pmelting
area. Given that this study was conducted > 20sy&go and major engineering control measures akdeaduction
activities are now commonplace in modern semicotwtygdants, airborne levels areigfm3 in all areas of plants.
Allied to the observation that there has been riakgwithin the bodies of GaAs workers in the statigve as well
as in many epidemiological studies since, it cdaddconcluded from the Yamauchi papers thatribisrelevant to
Read-Across to GaAs from As203. The evidence isdhas metabolic behaviour and level, the absenparant
species detection and lack of endpoint evidencethen toxic or carcinogenic, in animals and humans.

Rosner and Carteret al papers

Much was discussed in the Background document®palper by Rosner and Carter [1987] where an iatiagal
instillation of GaAs was compared with equimolaaqtities of sodium arsenite (lll) and sodium arseifs) — there
is little data on the solubility of these compoulfids. in comparison to arsenic trioxide and peittexavailable in the
literature although there is no question they aneensoluble than GaAs. In general there is:-

1. Lower absorption (5% of total dose, lower byetdr of 10), a greater lung retention (24% ofltdtse still left
after 4 days against <1% after 1 day) but a grdaezral excretion (27% of total dose after 1 daypared with 10%)
for GaAs inhalation compared with the more solutgenicals, arsenite and arsenate.

2. As a result of 1. thieioavailability of GaAs is <10% that of the soluble arsenicals

3. The ratio of DMAA to In-As is more similar toetprofile for arsenite (111), although the much lewsolubility of
GaAs probably leads to a greater efficiency of ylation producing a higher percentage of DMAA, cargd to the
much more soluble arsenicals.

4. Much of the faecal excretion (which after 4 desy46% of the total dose) is thought to be duexjpectoration from
the lungs. This together with tive vivo solubility and large lung retention shows that plagticulate nature of GaAs
must be considered in assessing the toxic efféééhb et al [1987] show the effect of particle sizedissolution of
GaAs

5. In addition the nature of the As species inlting isnot determined

Several points surrounding the quoting of this pap¢he RAC Background document are concerning: flist is a
potential implication that Read-Across frarsenicto GaAs is relevant as arsenic derived from GaAsrs/erted

into As(lll), As (V) and a major metabolite DMAA hEre is no evidence of GaAs or the intermediatspesies

—
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involved (in this or indeed arguably any other papetween the dissolution of GaAs and the obsemaif

inorganic-As and its metabolites, albeit at a mrertuced levelin vivoin animals. Secondly, the discussion sectiom of

this paper in the Background document (p. 12) sttitat arsenic from GaAs absorptivas converted to As(lll),
and As(V), monomethylated arsenicals (MMA-V and MMA) and dimethylated arsenicals (DMA-V and DMA-
)" . Although there is a diagram of the Biotransforiorabf inorganic arsenic on the same page, tHioia another
source dated 2001 - therenis mention of oxidation states of the metabolitesiithe Rosner and Carter paper
The speciation of the metabolites MMA-III and DMA-in urine has only been possible with advancearialytical
chemistry since 2000, Let al[2000]. Indeed, the urinary metabolites normallgrsare the As-V oxidation state as
these are the ones excreted in larger volumesgstnnot bind to other moleculesd.proteins) in the body in
order to traverse cell membranes, Cagteal[2003]. It is not clear if the specific arsenic qumands present in urine
accurately reflect those in the blood or tissuestetet al[2003].

Carteret al[2003] — “The gallium arsenide had a lower solubility than ag other arsenic compound and it had a
disproportionate intensity of lung damage to suggéshat the GaAs had a site of contact interaction iad that
oxidation reactions were important in its toxicity. The urinary metabolites after GaAs exposure werehte same
as excreted by arsenic oxides but the chemical cooynds responsible for the toxic effects of GaAs amdifferent
from the arsenic oxides. The review concludes th#tere is insufficient evidence to equate the diffemt arsenic
compounds. There are several differences in the tmity of the arsenic compounds that will require sbstantial
research

The conclusion to the analysis of these papers @ainet aland Carteet al) quoted in the Background document
and in the IARC Monograph [2006] is that therenisuifficient evidence that the relatively low levefsmetabolites
detected in blood and tissues are representatitheeafpecies responsible for the toxic effects@A& The direct
evidence of the nature of the breakdown speciabsent as is a description of a mode of action.rélaive effects
of the potency of the toxic species and its indgaelationship to thresholds is also not discds$éese, coupled
with the observation of large differences in stauetand physico-chemical properties, suggest ligaead-across
process should not have been initiated. Insteathre comprehensive study of the toxicology, chemist already
existing information and further studies/analysedte effects of GaAs on animals should have bedertaken.

Conclusion

Advances in the understanding of the metabolisarsénic species during the last decade, should thearm taken
into consideration in the RAC Background/Opiniortdments. Recent advances in the detection of mittdhm
urine should improve the understanding of this pssc Although much evidence of the urinary excngpiarticularly
of methylated As-V species exists, the detectiothefmethylated As-11l species, universally agraede the more
probable toxic intermediates, in tissues is notayetilable. Hence an important target for any fitumderstanding of
the biotransformation of arsenic is the detectiod quantification of such species in blood andutss To that end,
what the role of the methylated As-lll specieqi®bserved cell toxicity following exposure to iganic arsenic
(trioxide, pentoxide and related compounds) isetsupknown, Thomast al[2001], Hughest al[2002], Vahter
[2002] and Cohemt al[2006]. What role Gallium Arsenide, and any offitstential dissolution products, their

detection and how they interact is also yet to étemnined.
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The fairly recent declaration of the non-applicipibf F344/N rats to cancer studies effectivelsnoves the last
piece of evidence of cancer attributed to GaAspeemental animal studies. Some workers, notahlff &t al
[2000], are of the belief that animal studies cardd properly should still demonstrate carcenogsmnidespite the
long-standing notion that arsenic is only carcimogéo humans. This is particularly true for argamioxide where
the evidence in animals is equivocal, but very celiimm in humans. Indeed, Cartetral [2003] tend to agree that
until a reliable animal carcinogenesis model ialggthed, it would be more fruitful to study thenrcarcinogenic
responses.

Epidemiological studies where subjects were knawnet exposed to high levels of arsenic trioxide pgctoxide
showed evidence of carcinogenicity, although a raeigm of action is as yet unknown. Whether GaAsvshibe
same tendencies as arsenic trioxidepiilary source analogueaccording to the RAC/ECHA in the Read-across
process, remains to be seen. It must be concluoled\er, that there is currenthp evidence of carcinogenicityin
either animals or humans, due to GaAs.

The RAC therefore, in implementing tRead-Acrossmethod, supported by thWeight of Evidenceargument,
ignored the paucity/absence of animal data, theradesof human evidence and the general princigleizology

and chemistry associated with the postulated Bam3iormation of GaAm vivo. The arguments at face value appear

tenuous, given the weight of evidence of all thelgts on cancer in GaAs-based workplaces, condudgthih the
semiconductor industry. The derivation of the dfastion in the RAC Opinion Document of 25th Ma@I0 appears
to break many of the principles laid down in theRIDECD Guideline documents and justification revéstthe
Weight of Evidence argument, using expert judgemEmactual weight of evidence of effectively zero incidence
of carcinogenicity during the production and us&afAs should lead to renewed and properly conduatédal
experiments. In the meantime, there shouldd€arcinogenicity Category placed on GaAsderived from any
Read-Across or any other presumptive arguments.
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Appendix 1 : Read-Across Guidance and Methodology

The content below is a summarised version of théagece produced by both ECHA/REACH and OECD
organisations for users.

Filling-in of gaps in data in a grouping often eslion the fact that the materials share a comnaiariee.g. common
functional group (alcohols, ketoneg), precursors or physico-chemical propertig (physical form, molecular
weight, B.Pt., Water Solubility, particle size, wap pressuretc). The methodology can either be one ehamical
categoryor analogue approach The former relies upon a series of chemicals witmmon features showing a
robust trend in their properties along the semd®greas the analogue approach involves much felvanicals where
the trends in properties are not so apparentelfdhget substance, GaAs in this case, is at tth®fa series

compared with the reference substancegs)arsenic oxides and their metabolites, additioesting may be required,

In some cases, best professional judgment and Wefdtvidence is used. In addition, read-acrossheaperformed
qualitatively or quantitatively, the former beirgetmore appropriate for smaller groupings. Thisaliguesults in the
same hazard category for the target chemical aefbeence(s) and is often also based on expeasjt(edcological
judgement. Reference is also made to toxicokingetiescribing the uptake of the substance in they Hedding to its
“bio-availability” — this could give rise to a compson of the metabolic pathwalysvivo.

Other aspects of the read-across approach relev&@dAs and possibly its relationship to the otimsenic
compounds include the rules and guidance surrogmdetals, metal compounds and other inorganic compouis.
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Such a grouping usually leads to the exposureeo$time metal moiety. Animal models also do noalogji predict
effects on humans, hence where hazards are idehtifi human data, use of read-across can proadeigon.
Underlying assumptions for this approach and trestfar this type of category development follow:-

0 Hypothesis is based on the presence in all congsaha common metal ion

1 Bioavailability of the metal ion (or its redox foj at target sites in the body determines the senge and severity
of effects for the read-across

[0 Supporting information to assess this bio-avalitgtinclude typical physico-chemical propertiesvater solubility,
degree of dissociation, systemic effects, toxicekas

1 Care required to select metal compounds for wbathgory approach is relevant
[ Read-across from some categories may not be apj#ic
01 Chemical speciation and valency (e.g. Cr3+/Cr6ay mesult in different mechanisms

01 Organometallic compounds have different modestiba — the ion is not present in the same forrthasnorganic
— and read-across between the two is NOT recomndende

[ Metals — difficulties exist in read-across fromtal&eompounds
) Crystalline structures of insoluble metal compauaduld affect the hazard profile.

Other considerations to the above include:-

0 The counter-ion effect (e,g, anion) may mask ffeceof the metal ion in e.g. acute toxicity opeated dose.
0 Crystalline structure — could it affect bioavaildp

0 Particle size — influences deposition behaviouh@respiratory tract

Appendix 2 : As-related compounds already classifte(CLH)
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|d=ntification I Classification Lahelling
033-D0L-00-X  mrsenic 231-142-6 T4a0-3E8-2 Acute Tox. 3 ® H33i GHS0E H331
BAgute Tow. 3 * H3od GH302 H3ol
Hguatic fcute 1 Ham Dgr HadD
Hguatic Chromic  Hado
i
033-00200-5  arssnic compounds, - - Bgute Tox. 3 * H331 GHS0E H331
with the exception of Bute Tew. 3 ® Haod GHSD2 Haod
those specified Aquatic Acute 1 Hano Dgr Hadd
elzewhere in this Aquatic Chromic  HadD
Annex 1
033-003-00-0  diarsenic Erioxids; 2=-431-4 1337533 Carc. 14 H35o GHS0E H3540
arsenic trioxide Brute Tow. 2 # H3on GHS0E H3oo
Zhin Cofr. 1B H3is GHS0E H3i4
Hguatic fcute 1 Ha00 GHS0= H410
Hguatic Chromic  Hado Dgr
i
033-D04-00-6  diarsenic pentooxice; 2151169 1:03-35-2 Carc. 1A Haso GHSE H352
Brsemic penboxide; Agute Tom. 3 * H331 GHS0E H331
Brsemic ouide Hrute Tox. 3 * Hand GH503 H3od
Aquatic Acute 1 Haoo Dgr Ha10
Aquatic Chromic  H4dD
1
033-005-00-1  mrsenicacid and its - - Carc. 14 H350 GH506 H350
salts witth the Acute Tox. 3 ® H33i GHS50E H331
exception of those Bcute Tom. 3 * H3o GH503 H3o1
spedified slzewhers in Bquatic Acute 1 Hano Dgr Haio
thiz Annex Aquatic Chromic  Hadm
i
023-D0E-D0-T  Brsime 237-065-3 TTBA-4Z-1 Fam.Gas 1 H2zD GHS0Z H220
Press. Gas H33o GH504 H33d
Bcute Tox. 2 H373 GHS0E H373 **
STOTREZ* HaG GHS0E H410
Aguatic fLrute 1 Hain GHSE
Bguatic Chromic Digr
]
033-D07-00-2  fer-butylarsine 423-320-6 4262435 Pyr. Lig. 1 H250 GHSOZ H250
Arute Tox. 2 H33o GHSE H330
Digr
0B2-011-00-0 lead hydrogen 23Z-064-2 TTBA-4D-5 Carc. 14 H350 GHS0E H350
arsenate Repr. 14 H3&0DT GHS0E H3&0DT
Bcute Tox. 3 * H33i GHS02 H331
Arute Tox. 3¢ H3acd Dgr H3od
STOTREZ* H373 #4 H3T3 #4
.ﬁ.qua‘til: Bgufe 1 Haox Ha1d
Aguatic Chronic Hado
1
601-DE7-00-4 trie‘ﬂq'l mrsenate 427-T00-2 15606-35-8 Carc. 14 H3s5% GHS0E H350
Bcute Tox. 3 * H33i GHS0E H331
Arute Tox. 3 * H3acd GHSE H3od
Bguatic fcute 1 Haod Digr Hadd
Aguatic Chronic  H3LD
1

Appendix 3 : CLP Guidance notes for CarcinogenicityRating
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IH22 Classifiration criteria finr substances

Subatances are classified acconling to their potentinl to conse caneer in hoans, In sorme
cases ther will be direct evidence on the caminogenicity o humans from epdemiological
studiza. Howewer, in nost ceses the available information on carcinogernicity will be
Pﬁmuﬂ}rfrnm amimal studies. In this case the relevance of the fm:].i:ls: inammals o humans
rouatbe congidered.

Anwex I: 36.2. L For the parpose of clageiflcation for carcinogenicity, substances are allocated ta
ore of two cakgories basd on strength of evidence and additional corwidemmtiore (weight of
eidence). In ecertain ixetneoes route-gpecific classification roay be warranted, iff it can be
oot luare 1 paoeeed that no other ronte of exposime exhibits the hamad,

Table 5617
I'h.n.'l.'ll I:z.iq;nr'z: ﬁlr I:mil'.sﬂ"
Catezonies Chte: ia
CATEGORY 1: Enown or presuned hanan camcmogens

& mnbstanc: 5 elossfled in Catesory ] fov carvinoss Moty on the basis
of epdermological andior arimal date. & sibstance waw be futher
distinguishedas:

Category LA | Categorr L& loown to hewve carviwogemc potsnbal for Joamens

clhsification is largelybased onhomoan evicenee, o1

Categoryl B | Categorr 1B, pesnoed to bave carcmoserde pobentis] for hmoens,

chasification 1s larzelyrbeased onanimal ek ree.

The clasficabon m Category 1A and 1B 12 based on chength of

evidence together with adhhorel conscdershone (eee seoiion 38,2200

Such evidence marrhe dermved fiorn:

— hunan studies that establish a caral wlatioshp beteeen iman
expoeine to a gubstance and the deweloprent of rancer (lrowam
Inanan carcinogen); or

— anmnal experiments for whach ther 18 enflicient (') evnderce to
demonsate arareal carcimes craritr (jass e d huvan carcinogen) .

In addhon, cne cam -brrcass bame, evterditis deernerd roay warrant o

decmion of pmesmred buman carcmeseracity derrved fiotn shades

alowing lmited evidence of cawirogenieity m honvans togathey with
lirvited evidenoe of careincericityinespirimentl anmmals,

CATEGORY 3: Susperted lnmen rarcinogens

The plaring of a eibetanes in Category 1 B done on the basia of
eridence obtaned fiom bonan adior anamal studies, bat which 5 not
sufficiently corvincing o place the subsamce in Caegory 14 o 1R
based on shrength of eviderce together with addiboral coreiderations
{ace aecton 2.62.2). Such evidence mavbe dertved either fromn lrated
i" mvidermce of caminorenicity in horan stodies or from limibed
eridence of cami rogenicity in ardwal studes.

] Hok: See 3623 4
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Anmex Iz 3.6.2.2.3 Strength of evidence mwobes the emmeraton of tumonrs 1n human and aniral
gtudies and deterrriration of their lewel of statoteal menificarwes. Zufficient hurmnh eidence
demorstrates cansalitrbetasen human e oomare and the desselopvent of cancer, whereas sufficie vt
eviderce 1n ammals shows a causal relabomship betwe en the substance and an mcreased 1cidence
of tumours. Limited evidence 1 humars 15 demomstmted by a pomihwe associmbon betaeen
expo=mwre and camcer, but a causal relabonship canmot b slated. Timiled evidence in ammals i
proided when data suggesta carcinogenic effect, bt are lessg than sufficient. The terres 'sufYicie od'
atid limited” haves been weed hers ag theyv bawe been defined by the Interretional Seeney for
Fessawh on Cancer (L8 FIZY and read asg follows:

fa) Caroitogeticifyr m e

The eacktce melevant to carcincgenicity from stadics in homnans 18 classified into one of the

FEIIlErW'.iII.E :a{zsur.i:::

—  mufficient evdence of carcincerenicity a causal wlationdhitp has been sstablished betasan
cxposure to the agent and bnwan cancer. That is. a positere reladonship bas besn olbserned
hebar en the exposme and cancer o shichies inowhich chates, bias ard confonmeching eonlcd
Be nided out with resscrable conflderce,

— lmuted evderce of carcinogenicty a pethwve associshon bes been ohe=rved betaeen
expoeure to the agerd and carcer for which a paweal interpretation & coreidered o be

crecdihle, bt chanee, hias or cordonrhing conld not he miled omt with reasomahle
EDH.‘E.&!II:E.

ih) Careitogenicity b experitiental avitoals

Carcinogenicity in experirnental animale can be evaluated weing corsentioral hioaceave,
binaceave that employ genetically modfied anivnale, and otler inwiso biceszawe that foeue on
obe of rnore of the critical stagee of carcinoge resie. [n the sheence of dats frorn corsentional
lomg-tern bioamass or fiom assays with neoplasia as the end-point, consistently positive
reanlts in several wocdels that adodvess sseveral somes in the onlbstaze process of canihogehesis
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should be considered in evahiating the degree of evidenee of carcincenicitrin experimental
amamals. The svidence elevant o carcinoge meity in expenme tal anomals 15 clasified inio ome
of the following categoeies:

- mufficient evidence of carcincgenicity a cansal wlatonshin has been estab hshed bebar en
the agent awl an ircwased mweiderce of wabizved veoplasws o of an apprcprate
caribination of benign and malignant neaplasies in (3) two or o gpecies of aninals or
(k) two or o indepsndert etodise in ore epecies carvied out at differeed titnse or in
different laboratores or under different motocols. An increased incidence of tunours in
both ==xe= of a 51. 1= =|_:l=|::|.|=: in a wellconcheted :l'u.l:l :|.|:'|.|=a.'|.|.}r conducted under Clood
Laboraiomy Pﬂctu:ae can aleo pwonvide ewfficiant a-wd-aru:a L gingle etudyrin one epecies
atrd asx taght e -:Dnmd:md to wordide safficient evidernos of cowminceenicty when
raligtant neoplasms oconur o an musaal degree with wzard o incdence, site, tyoe of
tumour or age at opset, o when there are shong findings of tumonrs at multl.]:llr, siks,

- liwated enddence of carcirogenicityn the data augmest a carrinomernie affect but ae hvated
for rnaking a definitive esmInation becanses, g (@) the eddence of carcincgenicity is
resticted to o singl cageaiment; (b there ave woesohe d guestions regarcing the acecpaneyr
of the design, conduct or m‘t:?ch.h:m of the sudies; {c) the agent ircreases the meidence
only of bemgn neoplasms or Esions of unee tan nunplast: potential; or (d) the svidence
of carcinogenicity ie reetricted to stdies that deronetrate orly promoting actsyvity in a
narrov Jrge of tiseue e o organa.

For human stodies, the guality and power of the epdemologyr studies mgque expert
congideration and would norroally lead to a Category 14 clasification i’ data of adeguate
guality shows cansality of exposure and cancer development TRJCS S, Section B7.7.10 2,
farther digeugges the types of uman epiderniclogy data availsble and the liritaticns of the
data. Where there is suffizient doubt in the homan data then classification in Catgory 1 B
may be more appropnate. On the other hand epideminlogical studies may fai1l, becausze of
unceraintes in the oxpooure asgeseme ht ahdfor litnited perneifvvity and ptatietical powser to
confimm the carcinogeme properbies of a substance as dentified o ammal stuches (WHO
Working grooap, 20007 .

21/04/2011

United Kingdom / Mar}
Furlong / Wafer
Technology Ltd /
Company-
Manufacturer

p.1. Wafer Technology Ltd is expressing concerthatapplication of the read-across approach to tuaising the

classification and labelling of Gallium Arsenidedahe elevating of its carcinogenicity rating to. Jysical and

chemical evidence has been presented to suppatdhenent that it is not possible to classify GafliArsenide in
the same way as the oxides of Arsenic as is benmgased by the RAC of the ECHA.

p 2 and 5. Wafer Technology Ltd is proposing aicagenicity rating of no higher than 2 for Gallivknsenide based
on the lack of firm evidence of carcinogenic bebaviin animals and humans. Studies in the workpéacke25 years
of experience have not been considered by the RARRdECHA, and none of these studies have showreaidence
of increased cancer mortality within the compoueshigonductor industry.

ECHA comment: attached document (WT letter to EGIERARTB.doc) is copied below
20" April 2011
Dear Sir

Wafer Technology Ltd is the only UK based manufestwof 11I-V semiconductor materials and exports Hast

majority of its output, which includes both Gallivknsenide (GaAs) polycrystalline material and puodid GaAs

Thank you for your
comments.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional

response to comments).

Regarding your comment
on experience and studie
from the semiconductor
industry we refer to our
response to comments o
occupational
epidemiological studies
please see response to
Germany / Christian

n

£e

Eckert / ZVEI / Industry
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wafers. GaAs is a fundamental and strategicallyoirigmt material to the compound semiconductor itvghend is
used in many of today’s high-end devices such astpmones, cellular base stations, LED devicessatat cells.

The European Commission, through its Chemicals Ag€ECHA), is currently overseeing the processegiistering
and classifying this material in accordance wightito keynote pieces of recent chemical legislafidrese are
namely REACH (Registration, Evaluation, Authorisatand Restriction of Chemicals) EU Regulation 19006 and
CLP (Classification, Labelling and Packaging of @ials) EU Regulation 1272:2008.

The current attempt at harmonizing the classifisatind labeling of Gallium Arsenide and the movenemlevate
its Carcinogenicity Rating to the highest level {€gmry 1A), is causing considerable concern witha
semiconductor industry, particularly as it is bagpdn the read-across approach.

The justification by the Risk Assessment Commititthe ECHA appears to be based, almost exclusieslyhe
detectionin vivo of metabolites irsomestudies on animals exposed to inhalation andfpestion of fine GaAs
particles. These metabolites are similar to thosad in epidemiological studies on humans knownaze been
exposed to arsenic oxides through contaminatedidgrwater or copper smelting processes. The RAEIEBGas
read-across the endpoint data for carcinogenioitynfarsenic trioxide and arsenic pentoxide tolitgppsed
classification for GaAs — based exclusively ondbservation of similar metabolites in blood anduss.

It is the application of this method, and the la€lka rigorous study of the evidence pertinent tdi@Ga Arsenide that
most concerns us as a company and the industmnieargl. Gallium Arsenide is not the same as Arsenic
Trioxide/Pentoxide in terms of its physcio-chemipedperties or oxidation states (for example ihisch less soluble
in water than the oxides) and therefore cannoeka $o sit comfortably in an Arsenic compound cluainéategory.
By virtue of this, it is not possible to sensibs@n the same carcinogenicity rating to all thiaseenic related
compounds.

Studies of the metabolic pathway (in animals angdms) suggest strongly that Gallium Arsenide cabedteated in
the same way as the oxides of Arsenic simply bexausn though the urinary metabolites after Gafmsure were
the same as excreted by the arsenic oxides, tmicdlecompounds responsible for the toxic effedtGaAs are
different from the arsenic oxides. These studies\agight to the argument that the read-across appris not
appropriate in this case.

The RAC have used the results of one study thajesigd a link between tumour growth in just onearat GaAs,
but chose to ignore the 25 years of experienchefrtdustry where a multitude of studies have aetaled a link
between this substance and cancer in humans.

We feel strongly that the lack of human evidenaedarcinogenic evidence found in GaAs based wodeptdudies)
and weak animal data does not justify an elevaticthe carcinogenicity rating of Gallium ArsenideG@ategory 1A.
Assigning a rating of no higher than category @elaying reclassification would be more appropriatél further
studies are undertaken that are relevant to Ga#tgimorkplace.

or trade association in the

beginning of this
document.

You question the RAC
conclusion of the NTP
study from 2000.

The F344/N rat is known
to have high background
incidences

of certain types of tumors
including testicular
interstitial cell tumors and
mononuclear cell
leukemia, and was
discontinued from use by
NTP because of this.

A recent paper by Tokar
et al. (2010) was also
submitted in the public
consultation. This paper
supports the conclusions
from the rat study (NTP,
2000) and consequently
strengthens our previous
conclusion on the NTP
study in the RAC opinion
of 25 May 2010.

D
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Appended is a scientific comment in response tdxpimion of the RAC from its document of the™@ay 2010, on
the harmonized classification of Gallium Arsenide.

Yours faithfully
Dr. Mark J. Furlong Mr. Roy T. Blunt
On behalf of Wafer Technology Ltd On behalf of Whatechnology Ltd

REACH — some comments on the ‘read across’ procebased on the chemical and physical properties of @&
and how it could enter the body.

There is a very good case for contesting the ‘seadss’ conclusion that has linked GaAs tg@sand the other
materials listed. A®s is a white, relatively volatile powder (sublimesl@3°C) that dissolves readily in water (37
gllitre at 20 °C - CRC Handbook of Chemistry & Phgs74" Edition 1993-4) or dilute acids or alkalis. Inntast
GaAs has totally different physical and chemicalgarties to AgO; It is an involatile, crystalline, material that k)
to the eye, very much like a metal. GaAs is ofilgraically dissolved by strongly oxidising acidsrfcentrated nitric
acid or mixes of non-oxidising acids and hydrogerogide) or alkali solutions mixed with hydrogerrgeade which,
| believe, do not exist in the body. The accemtegimical mechanism of GaAs dissolution is througtial oxidation
of the surface to produce gallium and arsenic axfddowed by dissolution of these oxides, leavinigare GaAs
surface which can then be re-oxidised, dissolved,s® on in a continuing process. Without thislakbn stage ther
is no dissolution of GaAs and thus there is noifigant likelihood of bulk GaAs being dissolvedtime body. GaAs
does form a thin mixed oxide layer (probable contpmsaround 50% G#s; — 50% AsOs) in air, which is
essentially self-limiting in thickness at aroundr (experimental value obtained using Spectrosdaliigsometry on
a GaAs substrate that has been exposed to aiffgedrs). This thin oxide layer could itself disgoin the fluids
found in the body (taking water or Gamble’s solatioa simulation of lung fluid — as an example)ut-the oxide
would not regrow — thus only a very tiny amountlifsolved arsenic would be released. As thegbaudize of the
GaAs decreases (generally only particles in the iinge below about 10 um diameter are trappdukifungs) the
apparent dissolution would increase because thevddvbe a larger total surface area initially cedewith oxide
which could dissolve, but the actual GaAs corehefpiarticles would still not dissolve, and will &eentually
expressed from the body as particles by expectorafilthough the thickness of this oxide would nalimbe limited
to about 2 nm it is possible that, in some sampledering processes, the GaAs may reach temperatigraficantly
above room temperature which would result in thiakede layers. This may explain the great vargaotresults for
‘solubility’ of GaAs in vitro that has been repadtby many authors. It is worth noting that Yamauwthal
(Toxicology 40, 237 — 246, 1986) found that hisvitro’ solubility results did not agree at all Wihis ‘in vivo’
results, concluding that ‘GaAs is only slightly siole in the gastrointestinal tract and the periébicavity’. Equally
Carter et al (Toxicology & Appl. Pharmacology 1389-334, 2003) state that ‘it is clear that higinigoluble
arsenide semiconductors were less acutely toxit égaal amounts of arsine or their more solubleraosis acid
products’.

1%
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Unfortunately there are no materials which havdéigahtly similar chemical or physical properties®aAs to permit
a valid ‘read across’ even using the so-calledltamse approach’. Certainly AQ; or lead hydrogen arsenate are n
suitable candidates - a possibly better candidatiéldoe arsenic. Arsenic itself (which, like Gakmks like a metal
to the eye) is not classified as a carcinogenéndK or EU — however it is classified as such ififGmia. Since
arsenic is, itself, insoluble in water the incomgayn process in the body is by solution of theuretoxide (AsOs)
which forms on arsenic when exposed to air. Howanerontrast to GaAs, the thickness of the oxidersenic does
not appear to be self-limiting in thickness. Wiaesample of arsenic is freshly cut to reveal ayshinface it rapidly
tarnishes in the presence of air as it forms arlaf/surface oxide (100% A®;). The fact that this oxide can be
observed optically as a tarnished layer indicdtasthe oxide thickness is many tens of nanomeirdsckness
(compare GaAs — where the oxide thickness is Balfihg at about 3 nm and only contains 50 % 0§@g. Thus, by
any reasonable ‘read across’ assessment GaAs umalt be considered as far less toxic or carcinmgdsan arsenic,

In actual fact there is no need to use ‘read atawgsments when determining the carcinogenicitafAs. There is
a large literature on this (including many refershfrom the last decade which do not appear to baga considered
at all by the IARC or RAC) concerning its effect @ts, mice, hamsters and a number of studies mrahs working
in the semiconductor industry. The overwhelmingalosion of this work is that there is no signifit@vidence of
any carcinogenic or genotoxicity activity of GaABhe sole report (NTP/NIH 2000 publication No 0563 of
carcinogenic toxicity concerns one female rat @ubur in the test group) — however this rat wasrf the F344/N
strain and a later report from the same institufling-Herbert et al, Toxicologic Pathology 34, 8622006) stated
that this particular strain of rat had been withelidrom use as it showed high rates of spontantousur growth.
The spontaneous tumours were of the same soithdlollheen observed on the one individual rat duhiegearlier
GaAs test — thus throwing extreme doubt upon tmelcsion of the original GaAs carcinogenicity study

It should also be pointed out that a very recengieacale investigation (covering 100,000 workerotal) on cancer
mortality amongst US workers in the semiconduatdustry (Boice et al, J Occupational & Environ. Nbduke 52,
1082-97, 2010) concluded that there was no evidefitereased cancer mortality overall or mortafiym any
specific form of cancer.

To sum up - Classification of GaAs as a Class ticagen under ECHA/OECD published guidelines resgifirm
evidence of carcinogenic behaviour in animals en&ins — this degree of reliable evidence does nst elt is very
doubtful whether the evidence even justifies ascisarcinogen rating. Gagannot reasonably be regarded as
more carcinogenic or toxic than arsenic itself.

Roy Blunt B.Sc., ARCS, MRSC, C.Chem
19" April 2011

ot

21/04/2011

Germany / Birgit Mille
|/ Freiberger Compound
Materials GmbH /
Company-
Manufacturer

r Freiberger Compounds Materials GmbH (“Freibergetf®mit that the RAC Opinion of May 25, 2010 doesassess
all available data and that inaccurate conclustonelassification are reached. We attach two afiglisting and
discussing additional data and the conclusionsthasesuch additional data (‘Bomhard scientific pgpand (ii)
summarizing Bomhard and discussing the legal fiamvelation to classification (‘Briefing Paper’).

Thank you for your
comments. The response
also covers the comment
from Dr. E.M. Bomhard
and coworkers below.
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In essence, in relation to carcinogenicity, théofeing additional data should be taken into account

(1) Lung carcinogenicity of small particles (Federet al. 2007, Valavanidis et al. 2008);

(2) Phaeochromocytomas as a sequel of chronenmfiatory stress (Greim et al. 2009, Osaki et aPp00

(3) Non-relevance of the mononuclear cell leukeimigne F344 rat strain (Caldwell 1999, Elwell etL8B6, Lington
et al 1997);

(4) Levels of MMA or DMA in workplaces of GaAs asémiconductor industry (Morton and Leese 2010; blort
and Mason 2006, FCM 2010);

(5) Thresholds for human carcinogenicity (Bateale2004; Brown and Ross, 2002; Lamm et al. 2000622007;
Meliker et al. 2010; Mink et al. 2008; Schoen et2f8l04; Snow et al. 2005; Tapio and Grosche 2006);

(6) Genotoxicity of arsenic compounds in humansdgad new studies, namely Basu et al. 2002; Ghbah2007;
Paiva et al. 2008, Vig et al. 1984);

(7) New epidemiological studies in semiconductaluistry consistently showing no increase of
incidences/prevalences of cancer attributablegerac or arsenicals (Beall et al. 2005; Bendet.&4097; Boice et al.
2010; Darnton et al. 2010; Nichols and Sorahan 005

(8) Bioavailability of arsenic and its metaboliitesGaAs production (Yamauchi et al. 1989);

(9) Mode of action (ATSDR 2007; Cohen et al. 2086huhmacher-Wolz et al. 2009);

(10) New results on human cells demonstrating emcst of concentration ranges without any effecs(Bzt al. 2002;
Ghosh et al 2007; Paiva et al. 2008; Vig et al.4)98

(11) No evidence for an adverse effect of GaAstoomosomes from experimental data (Gibson et &7 18TP
2000);

(12) Additional studies and evaluations (e.g. Kirslders 2011) are mentioned in Bomhard scienpfiper
attached.

Based on the above, there is neither animal datapidemiological data to suggest that GaAs isicagenic. The
claim that arsenic originating from an exposur&#As is metabolized by the human organism to forlhAvbr

DMA through the process of methylation is not supgm by existing data either. Therefore, read-s&foom arsenic
is not permissible.

On reprotoxic classification, Chitambar 2010 wastted (no adverse effects on testes or on matiitigr The
results on other than fertility parameters aftéraitnacheal instillations into hamsters publishgdrbnaka et al.
(2000), which indicate marked toxicity in other ang than the testes in the Omura et al. (1996Hy $tave not been
included. Thus the reprotox classification is watranted either.

ECHA comment: The attached document (2011_04_2fiRyipaper) is copied below.

Gallium Arsenide

Position ot Freiberger Compounds Materials GmbH orthe

Opinion of the Committee for Risk Assessment propasg harmonized classitication and labeling at the B
level for GaAs adopted 25 May 2010

April 21.2011

Please also the Annex to
RCOM (Additional
response to comments).

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

Regarding your comment
on toxicity to
reproduction, please see
response to France /
Thomas Pearsall /
European Photonics
Industry Consortium /
Industry or trade
association in the
beginning of this
document.

Regarding your comment
on RAC disregarding
uncertainties expressed |
IARC in relation to the
gallium moiety, we agree
with IARC that the
observed findings may bg
a result of the
combination of the two
moieties, and that galliun
arsenide is a weak
carcinogen in
experimental animals.

re

h
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I. EXECUTIVE SUMMARY

Freiberger Compounds Materials GmbH ("Freibergesimit2, based on scientific3 and legal advicenakhat the
Opinion of May 25, 2010( the 'Opinion’) of the Coittee for Risk Assessment ("RAC") on the proposalthe
classification of Gallium Arsenide( "GaAs") as cacat 1A, reprotox cat 18 (under CLP) is scierdilliz and legally
flawed. It is not compliant with the rules of Ailec13 and Annex XI REACH, as well as the classitiracriteria of
the CLP Regulation. Freiberger therefore urge R&€drrect its opinion on the classification andelaty of GaAs.
Freiberger hereby responds to the re-opened catisultof March 2 011.

The present paper contains a summary of the mawsoientific evidence and assessment of this eweléaid out in
detail in Annexl. In addition, this paper evaluattes available scientific evidence agains the psegdEU
classification.

Il. ANALYSIS
1. RAC relies upon an incomplete data set

RAC's Opinion is largely based upon older availatzita and fails to take into account new qualitadgenerated
after the IARC 2006 monograph was drafted. In paldr, RAC bases its Opinion on IARC's Monograph86o
(2006) on classification of GaAs,and IARC'S Mar€l®2 re-confirmation of the classification of arseand
inorganic arsenic compounds as carcinogenic to harf@roup classification). With two exceptions,liirature on
toxicology and epidemiology quoted in the 2006 IARIGnograph originates from the 1980s and '1990go0Be& the
IARC monograph RAC mainly references older pubiaa that are listed in the ATSDR (2007) review anthe
NTP report (2000),.in particular,

epidemiological data on arsenic.

However, there are new studies available on, fangte, lung carcinogenicity of small particles (Eeco et al.
2007, Valavanidis et al, 2008), on phaeochromocgoas a sequel of chronic inflammatory stress (Getial. 2009,
Osaki et al 2002), on non relevance of the mon@audiell leukemia in the F344 rat strain (Caldw8®9, Elwell et
al 1996, Lington et al 1997), on levels of MMA aMB. in workplaces of the GaAs and semiconductor Btdu
(Mofon and Leese 2010, Morton and Mason 2006, FOWD2, on thresholds of the carcinogenicity (Batesl.e2004,
Brown and Ross 2002, Lamm et al. 2004,2006,200Tikbteet al. 2010, Mink et al. 2008, Schoen e8l04, Snow
et al.2005 Tapio and Grosche 2006) and genotoxigirsenic compounds in humans (several new studanely
Basu et al. 2002, Ghosh el al. 2007; Paiva elGii82Vig et al. 1984). Additional studies and ewatilons on the
genotoxicity and mode of action of arsenic compauaitd mentioned in Annex | to this Paper (KirscHeios 2011).

The combined legal effect of Recital20 (4) and é\etil5 of CLP Regulation5 on the
Classification of substances requires that clasgifins are based on the following
principles:

(a) All available in formation must be collecteddarsed, provided it is of good quality;
(b) Whenever new information of good quality beceragailable, it must be used too,

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

Regarding your comment
on effects from particles,
please see point 3) of the
Annex to RCOM
(Additional response to
comments).

RAC agrees with IND
that due to irrelevance to
humans the findings of
benign
pheochromocytoma of th
adrenal medulla should b
disregarded when
assessing carcinogenicity
with reference to Greim €
al. (2009). Please see thg
opinion (of 1 December
2011).

We also agree with IND
who claims that the
spontaneous incidence o
mononuclear-cell
leukemia (MCL)6 in
Fischer F344 rats is so
high that this effect
should be disregarded.
Please see the Please sg
the opinion (of 1

Y

U

D

—

December 2011).
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e.g. the classification must be updated.

These principles are in line with Article 114 oétfireaty of the Functioning of the European Uni@irEU"), which
requires the European Commission to take accouayhew developments based on scientific factvithdeals
with proposals concerning health, safety, enviromaleand consumer protection, and they are inwiitle the overall
objectives of REACH and CLP, i.e. to provide a higiel of human health and environmental protection

2. Inaccurate conclusions because of use of incamplata set and inaccurate analysis of data athlyz

a) Data regarding carcinogenicity
(i) Incomplete assessment of IARC Monograph

IARC( 2006) acknowledged that on GaAs, there iad@qguate evidence in humans for the carcinogero€igyallium
arsenide” and "limited evidence in experimentafraais™ (Annex 1, page 37 of the RAC Opinion). IARC
nevertheless classified GaAs as carc.1A basedeoolder 1987 group classification of arsenic conmaisuas carc.
1A arguing that that the in vivo and in vitro evide suggests that GaAs releases gallium and ansenéties, that
there is some evidence to suggest that both thessties may have a cancer potential either indegeoitly or
together and therefore the overall classificat®warranted despite a lack of conclusive datalbufderstanding of
the etfects.6. RAC disregards the uncertaintiesessged by IARC in relation to gallium.

(ii) Incomplete data set

Several epidemiologic studies carried out in thmisenductor industry consistently show no increafse
incidences/prevalences or cancer attributablesmmée or arsenicals (Beall et al, 2005; Bendet. &QD7; Boice et al,
2010; Darnton et al. 2010; Nichols and Sorahan p098ne of these epidemiological studies are refezd in the
RAC opinion RAC only refers to older epidemiolodistudies on arsenic compounds.

(iii) New Data on Carcinogenicity of Particles

The Fischer F344 rat study (see above) which redult tumors in female rats should be reinterpregesked on new
data. Most of the changes reported could in familtdrom chronic irritation of the lung tissue (fegico et .al 2007;
Valavanidis et al. 2008).They are qualitatively #amto effects reported as the typical outcomexygosure to other
particles e.g. talc or quartz by inhalation (NT®@QOWoltf et al. 1988).In particular, the increasedurrence of
alveolar-bronchionlar neoplasms (mostly adenonrafmale rats should be considered as the consegwén
toxicity to the lung. It is not to be interpretesian indication of the primary carcinogenic effetGaAs: The longer
the inflammation lasts, the higher is the resultiisg of cancer formation (Federico et al.2007).

The experimental conditions employed by NTP (wHmbely exposure, very small particles at concentnatamusing
irritation to the lung) are beyond doubt representiworst case" scenario. Taking into account #eoadary effects
caused by the toxicity to the lung, no primary cavgenic effect of GaAs can be derived.

Regarding your comment
on the discontinuance of
use of the F344 rat strain
in carcinogenicity studies
we believe that the
conclusions from the NTH
study on gallium arsenide
in rats still is valid, as
assessed by Tokar et al.
a recent paper (Tokar et
al., 2010).

By way of response to
new developments issue!
The RAC opinion was
adopted according to the
procedure laid down in
Art. 37(4) of Regulation
No0.1272/2008 (CLP
Regulation) and in the
RAC working procedure
on processing of dossierg
for harmonised
classification and
labelling, following a
proposal from the
Member State. According
to Article 37(4) CLP
Regulation, all the parties
concerned are given the
opportunity to comment
on the proposal submitte
The public consultation
provides the opportunity
to ensurahat additional
information and scientific
input from concerned
parties (e.g. industry,
Member States, the
general public and other

d.
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It is known that the inhalation of particles by hams may cause chronic toxicity to the lung and sgbsnatly sa
long-term sequela may cause cancer (Valavanidit2008). Incidentally cancer may be caused bycdmgnic
damage to the lung and also other tissues. Whgeothservation could be seen as attributing a icecicinogenic
potential to small particles, it certainly does justify the general classification of respirabbgtrles of any
compositioan as carcinogenic to humans.

(iv) Results not relevant to humans

The increased occurrence of benign phaeochromoagdemale rats is most likely the resulot of theonkc
inflammatory stress and has no relevance to huit@aresm et al.2009, Osaki et al 2002). The increasmlirrence of
mononuclear cell leukemia in female rats at thééd concentration is also most likely the resuthe chronic
inflammatory stress in the lung, which through @eenpensatinon increases the background incidertbe &iigh
dose. Several authors have concluded that thisdfypemor is not relevant to human risk (Caldw&B99; Elwell et
al. 1996; Lington et al. 1997). In 2005, NTP stappeing the F344 rat for any experimental workaxdity for this
(and another) reason.

(v) Incorrect classification for carcinogenicity

In arriving at its conclusionos on the resultshef tests described above, RAC'S methodology wasazgro the
requirements of the CLP Regulation:

According to Annex1 (Section3.6.2.1.) of the CLRyRation, carcinogens cat. 1 are classified agsl

0 "CATEGORY 1A: KNOWN to have carcinogenic potehf@a humans; the placing of a chemical is largehged
on human evidence.

o CATEGORY1 B:P RESUMED to have carcinogenic pagribr humans; the placing for a chemical is ldyge
based on animal evidence.

The classification in Category 1A or 1B is basedstyanglh of evidence together with additional ¢desations, such
evidence may be derived f rom human studies thiabksh a causal relationship between human expdsua
chemical and the development of cancer (known hucaacinogen).

Altenatively, evidence may be detived from animaleriment for which there is sufficient evidencedtamonstrate
animal carcinogenicity (presumed human carcinogen).

In addition, on a case by case basis, scientifigiiuent may warrant a decision of presumed humarincayenicity
derived from studies showing limited evidence ata@genicity in humans together with limited evide of
carcinogenicity in experimental animals.” (emphasdded).

First, based on the criteria above, as regardsainésts on GaAs, i.e. the F344 rat study, thisating to IARC
(2006) (IARC and CLP criteria are similar) reprasethimited” evidence of a carcinogenic effectchase it is the
single available animal study with a positive outeg it concerns only one species and the effeetsmaly in one sex.

stakeholders) can be
provided to RAC for the
opinion-forming process.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional

response to comments).

Regarding your comment
on mode of action and
threshold for
carcinogenicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments).

IND claims that recent
data on the association
between hypoxaemia andg
the occurrence of
phaeochromocytomas,
highlighting or
demonstrating that
hypoxaemia was certainly
induced as a sequel of th
massive lung toxicity.

Lung toxicity was present
in the NTP-studies at all
doses and this toxicity
determined the choice of
the maximal dose of
GaAs used in the 2-year
study to 1 mg/m3. At this
dose survival rates of
exposed males and
females rats and mice
were similar to those of

n

£e

]

the chamber
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Second, there is inadequate evidence in humartkdararcinogenicity of GaAs (IARC 2006). Thus, sifisation to
carc. cat.1B is not justified.

Third, as discussed above, there are new dataablaihat provide evidence that the F344 rat stndy no longer be
relied upon as evidence for carcinogenic effecfvaht to human risk, because it may merely reptesedence in
relation to specific target organ toxicity (to fliag) of small respirable particles after repedtelalative) exposure.

Thus, there is currently, in our opinion, no evidefrom either human or animal studies for clasatfon of GaAs as
carcinogen even for suspected human carcinogea ¢es2)..

In the absence of any relevant animal and human) déiat is therefore left for RAC to consider isetter it is
possible to apply read-across from arsenic compauldubstance may be read-across from anothetasudes
pursuant to Annex XI REACH7 under the following ddions:

- structural similarity;
- predictability of physicochemical properties, ramhealth effects and environmental effects orrenwent fate
from the reference substance.

RAC argues that "arsenic compounds already listezthecinogen in category 1A produce the same migdbm
mammals as GaAs. Examples given are arsenate i@eszd) in drinking water and diarsenic trioxiderh ores
processed in copper smelters, where epidemiologyodstraters risk of cancer."

In addition, RAC uses data derived solely fromhr@availability of arsenicals after oral and inteatheal (i.t.)
administratiton to rats and hamsters and data framsters indicating a metabolism comparable tor @tisznicals
known to be carcinogenic to humans.

According to RAC, the arsenic bioavailable from Gag metabolized to form predominantly dimethylaisacid
(DMA(V)) through methylation like in the case ohet inorganic arsenicals known to be carcinogemttumans
(Rosner and Carter 1986; Yamauchi et al.1986).

A mode of action justifying this extrapolation igywever, not presented by IARC.

However, no reference is made by RAC to a publistsgzhnese study (on bioavailability of arsenicignd
metabolites in GaAs production) (Yamauchi et aB9)9 According to this study, a significant incregby 24 and
22% respectively) of arsenic concentrations inutiee of exposed workers was recorded at the eadsbifft.
However, at the same time no increase of the caratem of methylated arsenic species was found.

The above results are in line with correspondinglists for the processing of GaAs wafers. The rasmestudies find
in general very low excretion of arsenic mostlyaolevel barely distinguishable from the referenmaug. No
increased excretion of MMA or DMA in the urine wiasind in this case either (Farmer et al. 1990; Blodnd
Leese2010; Morton and Mason 2006, FCM2010).

controls.Body weight gair
was only marginally
influenced (slightly
reduced in male rats and
slightly increased in
female mice). No clinical
findings related to GaAs
exposure were observed
in either mice or rats.
Multiple inflammatory
lesions were observed in
lungs

and was said to occupy
less than 5% of the
alveolar parenchyma in
the 0.1 mg/m3 groups an
approximately 10% to
15% or 20% in the
highest dose groups in
mice and rats,
respectively.

Furthermore, none of the
heamatological data
indicate the presence of &
clinically significant
hypoxemia, although the
haematological data are
also directly influenced
by gallium and arsenic
thus complicating the
evaluation of the results.

IND claims that the
apparent qualitative
differences with regard tg
lung carcinogenicity after
i.t. instillation to hamsterg
as well as micronucleus
induction in mice in
comparative studies with
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The claim that arsenic originating from an expogar&aAs is metabolized by the human organism im fIMA or
DMA through the process of methylation is thus supported by existing data.

Concluding from the above, read-across is not pesilvie because of a lack of structural similaritg aredictability
of human health effects.

Even if it is assumed that the arsenic originafiogn an exposure to GaAs is metabolized by metioflaas assumed
by RAC, this still leaves the question whetheraihde concluded that this hypothesis necessarpliesa
carcinogenic potential of GaAs for humans. Thisatasion would require that

a) the mode of action behind the carcinogenicitinofganic arsenical is known and

b) it would in addition require the assumption ttegre is not threshold for this mode of action.

However, both conditions are not supported by aléél data either.

Several modes of actions to explain the carcinaiggrof arsenic are currently discussed. The mesjifently quoted
and thus the most likely mechanisms are i) indigeetotoxicity (chromosome aberration), ii) reactixygen species
iii) cell proliferation and transformation and iypo-/hypermethylation of the DNA (ATSDR 2007; Cahet al.
2006; Schuhmacher-Wolz et al. 2009). For the lagtet modes of action (ii- iv), a threshold defilyiteas to be
assumed.

In the case of chromosome aberrations, the majofipublications focus on the induction of micrcchai. New
results on human cells now demonstrate the existehconcentration ranges without any effect ( Betsal. 2002;
Ghosh et al 2007;Paiva et al. 2008; Vig et al. }9Bdrthermore, there is no evidence for an adveffeet of GaAs
on chromosomes provided in the published experiaheiaita (Gibson et al. 1997; NTP2000).

In addition, a number of more recent epidemioldgstadies based on quite accurate

exposure assessments (essentially studies onmiyimkter indicate the existence of a thresholdtercarcinogenic
effects of (other arsenicals) well above the knewposure experienced during the production andgssiceg of
GaAs (Bates et al. 2004; Brown and Ross, 2002; Lathah 2004, 2006, 2007; Meliker et al. 2010; Metlal. 2008;
Schoen et al. 2004; Snow et al. 2005; Tapio andch® 2006).

Thus, whilst read-across to similar chemistry camélpful surrogates within a weigh of evidencerapph, read-
across should not be relied upon to such a sigmifiextent in these circumstances because thet®ig) evidence
that the carcinogenicity of arsenicals is likelyhve a threshold below which there is no carcinamgactivity.
However, RAC did not take any threshold into coasidion.

b) Data regarding reprotoxicity

(i) Omission of findings

RAC acknowledges that there is no human data awt@pcity. RAC therefore uses short term (2 weakd 14
weeks) animal studies (see Annex 1 of RAC OpiniohL% 2) to derive at its conclusions below. Wiglspect to
fertility, RAC has adopted the hypothesis of IARXDOS6) that gallium is accumulating in the testictissue,

various arsenicals, which
argue against grouping o
inorganic arsenic
compounds into one
category, have not been
dealt with. (please see
Annex to RCOM —
Additional response to
comments)

Industry has commente
on the apparent lack of i
vivo genotoxicity and
carcinogenicity of GaAg
in contrast to more
soluble inorganic arseni
compounds. The negativ
in vivo micronuclei results
in the NTP-study fo
GaAs may be due to th
low sensitivity of the
mouse to arsenic toxicit
and thus that the levels
the bone marrow was n(
sufficiently high to result

in an increase
Furthermore, no simila
inhalation studies with

other inorganic arsenica
have been performe
making the evaluation @
the negative GaAs resul
difficult.

Industry has commented
on several life-span
studies with Syrian
hamsters and states that
diarsenic trisulfide and
GaAs were negative in
these studies in contrastg

f

o

(0]
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D
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concluding that the findings on testes and spergaatesis are primary effects observed in the absenutier
relevant toxic effects. RAC has not taken into actan this regard the longterm 2 year inhalatitrdg conducted by
NTP in 2000 8. This study does not report accurianidh the testiculart issue (nor in blood and s&ruNo damage
to spermatozoa/- testes were found at concentsatiprio 1.0 mg/m3 in both mice and rats.

(i) Incorrec interpretation — alleged primary refoxic effects

According to RAC's Opinion, at page 4 . "No mulérgration studies investigating potential effe¢tSallium
Arsenide on fertility are available but repeatedaltoxicity studies have reported data on repragkiorgans. The
dossier submitter presented two 8 weeks trachetillation studies in rats and hamsters, and twavédks inhalation
studies in rats and mice. Several testicular canaton-related modifications, like decreased testeights,
epididymis weights, spermatids counts and spermatomtility, have been observed in the whote-baodhaliation of
Gallium Arsenide in rats and mice. Similar testarugffects have also been reported in rats andteafieiowing
intratracheal instillations. Histopathologic exaation of the testis in rat and hamstes revealgebesation failure
as spermatid retention was observed at post-spigomitages of bolt species.”

Thus, repeated dose toxicity is the only basis bitvRAC has assessed reprotoxicity. In additiohCRonsiders
that GaAs is reprotoxic provided that the etfeotsnfd in testes at low doses in animals of two gsewiere primary
and not secondary to other toxic effects.

The RAC Opinion concludes that " the effect onisastcorsidered to be primary, as it is seen dsaed epididymal
spermatozoal concentration in mice exposed to n@gvithout clinically significant reduction in haeglobin
concentration or reduced body weight...clear evidesf effect on fetlility at low doses in the absef other toxic
effects warrants classification for reproductiveitdy. Also at higher doses the effects were

Considered to be primary and not resulting froneotbxic effects. (...) Due to clear evidence ofitedar toxicity in
two species, the original proposal to classify @aill Arsenide as Repr. 1B - H360F (CLP) is suppotds is also
supported by the potential of gallium to accumulateat testis following inhalation exposure (segitokinetics
section in the Background Document)”

First, as already stated above, we note that acmptd the NTP 2 year study (2000), no accumulaitiotihe testicular
tissue occurs. Second, RAC bases its Opinion oalikence of other toxic effects only on the faat there was no
clinically significant reduction in haemoglobin aantration or reduced body weight. However, thisasclear
evidence that the effect is ‘primary'. The inhalatstudies reported massive effects to the luhgvats affecting
fertility parameters and at concentrations as éow these levels. These studies

report, in addition, significant haematological rgas. Such chronic lung inflammation leads ineWtain
hypoxaemi, which in turn causes secondary effectsxygen dependant tissues, in particular gerngpahelia of the
testes producins sperms This means that persiatemtoxicity triggers the effects in the tested aot the gallium or
arsenic moieties. Finally, the dose level causiifieces cannot be considered as 'low' in light & dtcumulation in
the lung. Hence, there is thus no clear effecteotilify at low doses and

the effect is not primary either.

to the more soluble

inorganic arsenic species.

However, RAC wants to
point out the following:
although arsenic trioxide
has been shown to be
tumourigenic to the lung
of hamsters in the study
by Ishinishi et al., (1983),
only calcium arsenate
induced lung tumours,
whereas arsenic trioxide
and diarsenic trisulfide
both were inconclusive
when tested in the same
experiment (Yamomoto €
al., 1987). Likevise,
neither GaAs nor arsenic
trioxide induced a clear
carcinogenic response in
the study by Ohyama et
al. (1987). Thus, these
studies underline that
these animal models hav
low sensitivity to
inorganic arsenic induced
carcinogenesis.

We acknowledge that the
small particle size and
high consentration in the
NTP 2 year study on rats
represent an exposure
scenario that constitutes
worst case scenario.
However there is no
deviation from OECD tes
guideline 451 on this
issue.

—

(1]
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(iii) Incomplete

Gallium compounds, e.g .gallium nitrate, are intraouasly applied at fairly high dose levels (1@%ang/kg body
weight) to treat cancer, hypercalcaemia and meiabohe diseases. No adverse effects on testas mate fertility
have been reported (Chitambar 2010). RAC did ria this study into account when deriving its cosins.

The results on other than fertility parametersrafteatracheal instillations into hamsters puldidiby Tanaka et al.
(2000), which indicate marked toxicity in other ang than the testes in the Omura et al. (19960y $tave not been
included.

With best regards,

Birgit Mller

REACh Coordinator

ECHA comment: The attached document (2011_04_ZHobthard et al - On GaAs Toxicology) is copied below
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1. INTRODUCTION

Regarding your comment
on genotoxicity, please
see the point 2) of the
Annex to RCOM
(Additional response to
comments).

Regarding your comment
on bioavailability please
see the background
document and point 4) of
the Annex to RCOM
(Additional response to
comments).
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Effective May 25th 2010 the Committee for Risk Assment (RAC) has proposed the following for thertwarized
classification and labeling of gallium arsenide (ER@mber: 215-114-8, CAS Number: 1303-00-0) accaydinthe
Regulation (EC) No 1272/2008 (CLP Regulation).

Carcinogenicity Cat. 1A

Reprotoxicity Cat. 1B (RAC, 2010)

The IARC monograph No. 86 (2006) classifying gatliarsenide as a carcinogenic agent to humans apfociae one
of the main sources on which RAC has based its RdY) Opinion with regard to carcinogenicity. Beydhd IARC
monograph, the RAC opinion essentially quotes oadnlications that are listed in the ATSDR (2008Yiew and in
theNTP report (2000), in particular, with regardtie epidemiology of arsenic.

With respect to fertility, RAC has adopted the hyesis of IARC (2006) that gallium is accumulatinghe
testicular tissue, concluding that the findingstestes and spermatogenesis are primary effectsvetosim the
absence of other relevant toxic effects.

IARC classified gallium arsenide as “carcinogeni©itimans” solely from data on the
bioavailability of arsenicals after oral and intestheal administration and on data from hamstelisating
metabolism comparable to other arsenicals knowretoarcinogenic to humans (i.e. after intratrachesillation of 5
mg/kg body weight in 0.05 % Tween 80/physiologisalCl; bioavailability of arsenic from gallium arseée about
10% compared to sodium arsenate and sodium arsBaismer and Carter, 1987). A mode of action jyistif this
extrapolation was, however, not included in the ARVview.
It shall be noted here that except for two pap€ester et al., 2003; Styblo et al., 2000), allrhteire on
toxicology and epidemiology of gallium arsenide arider arsenicals as well as on the epidemiolodken
semiconductor industry quoted in the IARC monogrpmdominantly originates from the '80 to ‘90 pekio
Several new studies on epidemiology and the toa@iohl mode of action of arsenic have became availa
after the IARC review and shall be considered endarcinogenicity assessment.

The main aim of this scientific submission for #ezond consultation te provide RAC with relevant new
information published since the IARC evaluaticend not included in the latest version of the baskgd document
to the opinion (January 2010). In addition, thipgraaims to provide a weight of evidence assessfoetite
carcinogenicity and fertility endpoints based oa ititegrated interpretation of existing and thensitied new
evidence.

2 “NEW RELEVANT SCIENTIFIC EVIDENCE” NOT INCLUDED I N THE
IARC/ATSDR AND RAC BACKGROUND DOCUMENT

In follow-up of the request for “new relevant infioation” this section summarizes the new informattwat became
available and that may be relevant for assessmgadhcinogenicity and the fertility endpoints fadlgum arsenide.

* on the evaluation of the NTP studies on galliuseaide:

_ recent data on the carcinogenic effects of gagtiimducing chronic active lung inflammation irationg that lung

tumours are secondary sequelae of the lung patlapbgy and not indicative of a primary carcinogeeifect of
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gallium arsenide.
recent data on the association between hypoxasmdizhe occurrence of phaeochromocytomas, higiiglor
demonstratlng that hypoxaemia was certainly induced sequel of the massive lung toxicity.

_ recent data on the lack of relevance of phaeoobecygtomas for human risk assessment.
__recent data on the irrelevance of mononucleataagiemia in F344 rats for human risk assessment
_ recent data on a negative HPRT test indicatirinag lack of genotoxic/mutagenic activity of gafti arsenide

recent human data on the genotoxicity of arsénataow exposure, which are indicative of a nimredr dose-
response relationship, thus indicating a threshold.

a very recent evaluation of up-to-date knowledlg¢he question of a threshold in arsenical genoitgxcame to the
conclusion that "direct mutagenic effects of arsé@ading to gene mutations and clastogenicityohserved only at
higher concentrations” and that "there are goochangistic arguments to support the idea
that there might be a threshold" even if (Kirschidéss 2011).

« on the interpretation of the metabolism dataalfigm arsenide

recent data in humans exposed to gallium arsehideg production and processing indicate thamntie¢abolic
pathway proposed by RAC on the basis of hamstdiestus different from carcinogenic arsenicals.

recent data in humans exposed to inorganic aalerly seafood do not support the hypothesistietabolism of
arsenicals to methylated species is a carcinogeiciple.

on the interpretation of the effects on malelfgriparameters
« recent data in humans and experimental animadglgl show that chronic lung toxicity leads to hyaemia, which
in turn affects male fertility parameters i.e. spatogenesis and testicular morphology.

The newly provided information listed above is takerward into the discussions hereunder, applgingeight of
evidence elaboration on the references quoteckiB#tkground document and the information listeavab

3. IDENTIFIED “OMISSIONS” IN THE PRESENT BACKGROUND DOCUMENT

The Background Document used by RAC to suppodgtsion is largely based on the Annex XV forwardgcthe
submitting country. It however contains a limitagmwber of omissions which are listed here below.

» for example:

« the increasing number of epidemiological and mofdaction studies and evaluations pointing toraghold in the
carcinogenicity of arsenicals has not been evaluate

« several recent epidemiological studies in theisenductor industry (all of them without indicat®nf arsenic
induced cancers) were evaluated as being not irdfven(they do not specifically address arsenimsxype) (include
references). However several other publicationsntémy exposure to arsenic in the semiconductonsiy are
available (include references).

« the apparent qualitative differences with regartling carcinogenicity after i.t. instillation tmamsters as well as
micronucleus induction in mice in comparative stsdivith various arsenicals, which argue againsigray of
inorganic arsenic compounds into one category, havéeen dealt with.

» the results of a study in workers producing gatfliarsenide indicating significantly increased misexcretion at
shift end but no increase in methylated arsenicispdYamauchi et al. 1989) have not been included.

» the results on male fertility parameters (as welhaematological parameters) have not been foua iperspective
with the chronic lung toxicity.
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« the results on other than fertility parametetsrahtra-tracheal instillations into hamsters psliéd by Tanaka et al.
(2000), which indicate marked toxicity in other ang than the testes in the Omura et al. (199604y $tave

not been included.

» the results on other than fertility parametetsraihtratracheal instillations into rats also givig to marked toxicity
in other organs than the testes have not been tat@account.

The consequences of the listed omissions is assesseunder and integrated in the overall weigtgwidence
approach including the newly submitted information.

4. DATA ON THE TOXICOLOGY AND CARCINOGENICITY OF GA LLIUM ARSENIDE: WHAT IS THE
OVERALL EVIDENCE ?

Up to the present, no reports were found of anviddal who was harmed by exposure to gallium adseni
Accordingly, there are no reports on workers exgdeggallium arsenide showing an increased camoédénce
(IARC, 2006).

For gallium arsenide a data set is available cageall important endpoints and containing studiesthy performed
to existing guidelines. There exists no other iamig arsenic compound for which this is the case.

Up to now, gallium arsenide is the only inorgamisemic compound that has been studied by meansgf |
term exposure (via inhalation) in 2 species (NTOQQ®

In the 2-year inhalation study performed by the NZ®00), Fischer F344 rats were exposed to galitsenide
(GaAs) concentrations of 0, 0.01, 0.1 and 1.0 mgimge 2-year inhalation study on B6C3F1 mice the
concentration levels were 0, 0.1, 0.5 and 1.0 mg/rh@ high concentrations were the same in botbispewhile the
mid (5 times) and low (10 times) concentrationsengigher in the mouse. All animals were whole-beggosed
6h/d, 5d/w for 105 weeks. The aerosols used ha#l&Bl ranging from 0.8 to 1.@m (at a geometric standard
deviation of 1.9 each). No further data characiegithe aerosols (e.g. their surface morphologyevpeovided.

The experimental conditions employed by NTP (wHmdely exposure to very small particles at high cotre¢ions
causing irritation to the lung) are beyond doulpresenting a “worst case” scenario.

Note: A recent cascade impactor analysis of theigarsize at various workplaces in gallilarsenide production
and processing of the ingots revealed only aboub1lb % particles as respirable fraction (2011).

Both rats and mice hazhronic active lung inflammation (male rats 3/50, 43/50, 50/50, 50/50; female ratsaQ,
46/50, 49/50, 50/50; male mice 1/50, 3/50, 3/5@502female mice 1/50, 2/50, 11/50, 18/50), witl thcidences in
rats of both sexes significantly higher comparethice, although the low dose of gallium arsenideioe was 10
times higher than the low dose in rats and 5 tiligker in the mid dose (the high dose was the sahie) species
difference is based on the perfusion status (seeramts below), which is 33 times greater in miegr@poulos et al.
1996). The other non-neoplastic effects reportet wteinosis alveolar epithelial hyperplasia(atypical
hyperplasia), andlveolar epithelial metaplasiain the lung. All of these changes result from eociit irritation of
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the lung tissue. They are qualitatively similathose effects reported as the typical outcome@gttposure to other
particles e.g. talc (H2Mg3(SiO3)4 ) or quartz (Si®Y inhalation (NTP 2000, Wolff et al. 1988). Thavas an
increased occurrence affveolar-bronchiolar neoplasms(mostly adenomas),

mononuclear cell leukaemiaandbenign pheochromocytomasgn female rats. This increased occurrence was not
observed, neither in male rats nor in mice(femates males). Some recent and additional data shabbsidered
when interpreting these results:

_ Federico et al. (2007) for example have recesfitywn that a broad range of chronic inflammatoocpsses in the
lung result in the induction of neoplastic trangfation. The longer the inflammation lasts the highehe resulting
incidence of cancer formation. (there are sevarahbeds time e.g. Mossman. Mechanism of actiggoofly soluble
particulates in overload-related lung pathologyalnToxicol 12, 2000, 141-148) The increased o@noe of
alveolarbronchiolar neoplasms (mostly adenomafgrirale rats should therefore be seen

as the consequence of the primary sustained tgxi€igallium arsenide to the lung and not as aicatébn of a
primary carcinogenic effect. Moreover, Watson aradloérg (1996) showed that the rat turned out tthbanost
susceptible species with respect to this mechaafsnmorigenesis Gallium arsenide particles apphrérave a high
potential to cause irritation to the lung and ottempiratory tissues, when applied under the empnial

conditions of inhalation or i.t. instillation. This the primary event in both sexes of both spetiasproduces the
sustained chronic toxicity to the respiratory tridtt interferes with gallium arsenide clearangecHically, the
mouse lung volume and plasma flow rate ratio aréri8s greater compared to the rat, providing Saopeerfusion
and consequently resulting in the mouse lung pessgs better adaptive capacity to chronic susthinffammation
compared to female rats, which have the smallgsiaty, even compared to male rats (latropoulas,et996). This
is reflected in the incidence and severity of thflammation, which is equally severe in both sexes

_ Several additional life-span studies with Syti@msters not mentioned in the RAC background dootisteould
also be mentioned here. The animals were intemnmtijtét. treated over a period of 15 weeks. Withigssium
arsenate and diarsenic trioxide, an increased nuaftheng tumours were observed. This was

not the case for diarsenic trisulfide. Gallium aide was also negative but the number of survieinignals was
however too small to allow for clear-cut conclusigtshinishi et al. 1983; Ohyama et al. 1988; Pagsh et al. 1984;
Pershagen and Bj6rklund 1985; Yamamoto et al. 1981)s, there seems also to be some evidence &itajive
differences between the various inorganic arsesiwiéth respect to their potential, to be considdrefbre drawing
conclusions

_ About the increased occurrencenainonuclear cell leukemia in female ratat the highest concentration of GaA
it shall be stressed that this type of tumor iy\a@mmon in the F344 rat strain and most likelyrésult of the
chronic inflammatory stress in the lung, which thgh overcompensation increases the backgroundeincedat the
high dose (not yet, came from Gary). Several asthave concluded that this type of tumor
(spontaneous/background) is not relevant to huns&n(€aldwell, 1999; Elwell et al. 1996; Lingtonat 1997). In
2005, NTP stopped using the F344 rat for any erpantal work on toxicity for this (and another) reas

__The increased occurrencebahign pheochromocytomasn female rats is also most likely the result af thronic
inflammatory stress and with no relevance to hunf@nsim et al. 2009). Interestingly, a correlatimgtween non-
neoplastic chronic lung lesions and pheochromocgtohas been found in 9 NTP 2-year inhalation ssugieluding
the gallium arsenide study) with exposure of méé4rats to particulate matters (female rats hatdeen included
in this evaluation) (Osaki et al. 2002). A sigréfit correlation between the occurrence

w

of pheochromocytomas and the severity of inflamomatiand fibrosis was found. The authors pointedimita
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reduction of the surface area available for gasi@nge results in systemic hypoxaemia that shoukixpected under
the given circumstances. The decrease in gas egelthan stimulates the secretion of catecholantigeke adrenal
medulla. The chronic endocrine hyperactivity of #ttenal medulla finally eventuates in the formatd hyperplasia
and neoplasms (Osaki et al. 2002).

To summarise, the relevance of the benign pheoabrgimmas and mononuclear cell leukemia in the femaiis for
the human can been questioned. And with regardeteffects on the lung and respiratory tract tissthe significant
inflammation, hyperplasia and metaplasia (extenana sustained - for 105 weeks-) caused by thdatiba of
gallium arsenide most probably represent the pyr@ric effect. No primary carcinogenic effect @fllijum arsenide
can easily be inferred from the NTP observationa)dkere was only evidence of carcinogenic agtivittemale rats
and not in male and female mice or in male ratskgnthere was clear evidence of alveolar-bronehiokoplasms
(mostly adenomas) in female rats, however thereextensive evidence of chronic pulmonary and upgspiratory
tissue inflammation, hyperplasia and neoplasiar@hee also indications that there may be diffezsrmetween the
various inorganic arsenicals with respect to thieqtial to cause tumours. Epigenetic carcinogetingithrough
cytotoxicity are generally accepted to have catfuesholds at exposures below which they do nott ¢fie cellular
and tissue effects that lead to carcinogenicityl@®aet al, 2005; Dybing et al, 2002; Williams &t 2996; Williams,
2008).

It shall be noted here as well that the NTP studg wsed by NIOSH: as evidence of neoplasia wasmresly in the
female rat high dose (1 mg/m3 group), a ceilingigadf 0.002 mg/m3 for gallium arsenide in the wdakp (ACGIH
Worldwide®, 2003) was recommended. This being said,known that the inhalation of particles bynans may
cause chronic toxicity to the lung and subsequeatlg long-term sequel may cause cancer (Valagagidil. 2008).
Incidentally cancer may be caused by any chronicadge to the lung and also other tissues. Whiledthéervation
could be seen as implying a certain carcinogenierngial to small particles, it certainly does nadtjfy in any way
the general classification of respirable partidéany composition as carcinogenic to humans.

5. EVALUATION OF DATA ON THE GENOTOXICITY OF GALLIU M ARSENIDE

Results from four different assays are availablmés, HPRT, MNT in vitro; MNT in vivo). In the Amesst
(preincubation method) gallium arsenide was apghettheS. typhimuriunstems TA97, TA98, TA100, TA102 and
TA1535 at concentrations up to 10@@dml. No gene mutation was observed (Zeiger 1382, cited in NTP 2000)
with and without metabolic activation by meansatfar hamster S9-mix (at concentrations up to 3A%allium
arsenide extract (at a loading of 200 mg/ml in DM®0O72 h at 37 °C, with shaking) was

applied to L5178Y lymphoma cells of mice at concatidns ranging from 250 to 20Q@/ml. The experiment was
performed with and without metabolic activationdyat-S9 mix. In no case a mutation at the HPRTdaxf the
L5178Y cells was observed by the microtiter flutima technique (Stone, 2010). Gallium arsenide alss tested as
part of a series of experiments studying the indaaf micronuclei in Syrian hamster embryo (SHEN< In this
series of experiments within the NTP program, N&&ed a totality of 16 chemicals, which were undegstigation
for carcinogenicity at that time. The concentrasioanged from 2.5 to 1@g/ml; treatment period was 24 h.
Concentrations of 1@®/ml were clearly cytotoxic. In contrast to the gftive) reference substance, colchicine, no
micronuclei were induced by gallium arsenide (Gibsbal. 1997). It shall be noted here that haradtave been
reported to be more similar to humans than rats méspect to the metabolism of arsenic (RosnelCarter 1987).
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The frequency of micronuclei in erythrocytes waalgred in samples of peripheral blood taken frommii€e (in 2
concentrations only 9 animals) of each of the testesncentrations
(0.1 — 75 mg/m3) used in NTP’s 14—week study. Altof almost 200,000 normochromatic erythrocytes wa
evaluated. No indication of any exposure relatégceivas found (NTP 2000).

In conclusion, none of the studies addressing itfiereint endpoints yielded evidence for a

genotoxic effect of gallium arsenide.
While numerous studies on gene mutation with otineenicals also do not show positive effects, rensgties on
chromosomal damage (clastogenicity) or aneugeféctsfdo show positive effects in vitro as welirasivo.
Diarsenic trisulfide administered orally in 4 diféat experiments (at doses of 100, 160, 500 andr&fJRg body
weight) with CBA mice did not increase the incideraf micronuclei in polychromatic erythrocytes myaof the
experiments. However, only with diarsenic trisudfiimounts of arsenic could be detected in theda880 — 900
ng/ml, at a detection limit of approximately 100mg). For all the other tested substances (sodinghpmtassium
arsenite and diarsenic trioxide all administerdthjmeritoneally at doses up to 10 mg/kg body weight
the concentration of arsenic in the blood was betmwdetection limit. Despite this a significantdaven marked
increase of micronuclei was detected with thoseraghibstances (Tinwell et al.1991).

These findings highlight that obviously the probtite bioavailability of arsenic originating fromadrganic arsenicals
does not allow deriving any conclusion about theuoence or hon-occurrence of any genotoxicityatffgpical for
arsenic.

6. NEW DATA ON THE SUBJECT OF A THRESHOLD IN THE CA RCINOGENICITY
OF ARSENIC

A number of more recent epidemiological studiesebdamn quite accurate exposure assessments (ebgesttidies on
drinking water) indicates the existence of a thotgifor the carcinogenic effects of (other) arsalsavell above the
known exposure experienced during the productieshpaacessing of gallium arsenide (Bates et al. 280dwn and
Ross, 2002; Lamm et al. 2004, 2006, 2007; Meliked.e2010; Mink et al. 2008; Schoen et al. 20040\8 et al.
2005; Tapio and Grosche 2006).

New data on the genotoxicity (predominantly onftivenation of micronuclei) of (other) arsenicalshimmans are alsp
indicative of a threshold at a level that is byriat reached during gallium arsenide productioprocessing (Basu et
al. 2002; Ghosh et al 2007; Paiva et al. 2008;efigl. 1984). In a very recent evaluation of thesalcdatabase on
genotoxic effects and possible thresholds of gallarsenide and arsenicals in general, Kirsch-Vel{2011) (see
Annex 1) summarized that "direct mutagenic effeétarsenic leading to gene mutations or

clastogenicity are observed only at higher conegioins, except when arsenic is tested in comutajep&periments
Arsenic is working essentially as an indirect metatgading to chromosome breakage or aneuploidinHiliting
proteins involved in DNA repair, mitotic machinemgthylation processes and other genotoxicity-edlaathways."
She recommended the micronucleus assay, whiclvésiog both clastogenic and aneugenic eventshfor t
assessment of the hazard and risk of arsenic gdoityoand concluded that

"there are good mechanistic arguments to suppelidésa that there might be a threshold for genote#tects but
there is insufficient experimental evidence...".
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Various (some of them are very extensive) epidevgichl studies carried out in the semiconductousty
consistently show no increase of incidences/prexale of cancer attributable to arsenic or arseni@sall et al.
2005; Bender et al. 2007; Boice et al. 2010; Darmtbal. 2010; Nichols and Sorahan 2005).

Overall, all the above data provide strong eviddncéhe existence of a threshold for the toxiam@exic and
carcinogenic effects of arsenic (though the exatierstill needs to be quantified). There remaauslly any doubt
that there is no scientific justification for adiar extrapolation of effects to the low non-toxaedls of exposure
relevant to gallium arsenide production or progassRecent studies conducted in industry did notsan increase
of incidence/prevalence of cancer attributablerseiaic or arsenicals.

7. CONSIDERATIONS ON THE BIOAVAILABILITY OF ARSENIC AND EVIDENCE

FOR GALLIUM ARSENIDE

RAC also justifies its opinion on the classificatiof gallium arsenide by the argument that arseatmmes
bioavailable after oral or intratracheal (i.t.)tilation to hamsters. According to RAC, the arsdnioavailable from
gallium arsenide is metabolized to form predomilyadiimethylarsinic acid (DMAV) through methylatias in the
case of other inorganic arsenicals known to beimagenic to humans (Rosner and Carter 1986; Yamatch.
1986). With this reasoning RAC also adopts the iprevarguments of IARC (IARC

2006).

It shall be noted here that in the hamsters exparisithe solubility of gallium arsenide was enhdring using Tween
80 or a phosphate buffer. Despite this the absmrptte foii.t. instillation amounted to only 5-10%. The absorptio
rate for oral administration stayed below 1%. Nemrence was made in the RAC document/in IARC talaiphed
Japanese study on bioavailability of arsenic asthiétabolites in gallium arsenide production (Yachaet al.,
1989). The study analysed the situation in the petdn and the processing of gallium arsenide ingbthe end of a
shift. It monitored inorganic arsenicals, methytenis acid (MMAV), DMAYV and trimethylarsinic compods in
urine. A significant increase (by 24 and 22% refipely) of arsenic in the urine of exposed workees recorded at
the end of a shift. However, at the same time ooeimse of the concentrations of methylated arsg@cies was
found (Yamauchi et al. 1989).

The above results are in line with correspondingiss for the processing of gallium arsenide waféhe respective
studies found in general very low excretion of arsenostly on a level barely distinguishable frdre teference
group. No increased excretion of MMA or DMA in thene was found in these either (Farmer et al. 188frton
and Leese 2010; Morton and Mason 2006). The cla@nharsenic originating from an exposure to gallansenide is
metabolized by humarno form MMA or DMA through the process of methytatiis thus not supported by existing
data. However, even if it could be assumed thaathkenic originating from an exposure to galliuseaide is
metabolized by methylation, this still leaves thwestion whether it can be concluded that this Hygsis necessarily
implies a carcinogenic potential of gallium arsenidr humans. This conclusion would require bothat)the mode
of action for the carcinogenicity of inorganic ar&als is known and b)the assumption that thens ithreshold for
this mode of action. Both conditions are not supgzbby the available data:

=
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Several modes of actions to explain the carcinamgmof arsenic are currently discussed. The mesjfently quoted
and thus the most likely mechanisms are i) indigeetotoxicity (chromosome aberration), ii) formatiaf reactive
oxygen species, iii) increased cell proliferationl aransformation and iv) hypo-/hypermethylatiorited DNA
(ATSDR 2007; Cohen et al. 2006; Schuhmacher-Wo#.e2009).

For the last three modes of action (ii- iv) a thiedd definitely has to be assumed. In the casdafrnosome
aberrations, the majority of publications focustlo@ induction of micronuclei. New results on hunsatis now
demonstrate the existence of concentration rangbsut any effect (Basu et al. 2002; Ghosh et &2WPaiva et al.
2008; Vig et al. 1984). The levels of exposurerseaic discussed in these studies are well abmseth

relevant to the manufacturing and processing diugalarsenide (Farmer et al. 1990; FCM 2010; Mood Leese
2010; Morton and Mason 2006). Furthermore thermisvidence for an adverse effect of gallium a0
chromosomes provided in the published experimetatt (Gibson et al. 1997; NTP 2000).

Further evidence for the argument that the bioaledity of arsenic originating from inorganic argeals dose not
necessarily cause the effects typical for arsenpravided by the study of Tinwell et al. (1991)diarsenic trisulfide.
For this substance, Tinwell did not observe theuativn of micronuclei typical for other inorganicsanicals despite
bioavailability.

It is well known that seafood contains larger antswri trimethylated arsenic species and arsenosiigase arsenic
compounds are generally deemed toxicologicallytineis however important to note that up to 4%taf arsenic
contained in seafood is present in the form inodiggarsenical compounds (Borak and Hosgood, 200/ oime cases
this value is actually exceeded (Norin et al. 1985ierefore populations with a high consumptiosedfood have a
relatively high intake of inorganic arsenic. Asesult not only small amounts of inorganic arsenid BIMA are
excreted, but also an increased excretion of DMéoatentrations of up to 1Q@ arsenic/l in urine was reported fo
these populations (Borak and Hosgood 2007; HeirlRamm et. al.

2002; Heitland and Koster 2008; Wei et al. 2003).eNidence is known to date identifying an increlassk of
cancer or any other disease caused by arseniofaigtions with high consumption of seafood.

All data published on DMA excretion of workers iretgallium arsenide industry show levels substtyntxelow 100
ug arsenic/l urine (Farmer and Johnson, 1990; MaatuhLeese 2010; Morton and Mason 2006).

In summary there is no sufficient evidence

« that exposure to gallium arsenide results innaneased level of methylated arsenic species ihdhgan body
« that the metabolism of arsenic to methylatedracsgpecies provides a plausible mode of actiaetive a
carcinogenic potential for the respective arseracal

« that the data on gallium arsenide gave evideocarfy of the postulated modes of action.

Based on all the above presented data, it is irgpjate, based on bioavailability of insignificamhounts of arsenic
of MMA, to classify gallium arsenide as “carcinogeto humans”.

8. EVALUATION OF FERTILITY STUDIES WITH GALLIUM ARS ENIDE
Four studies reveal effects on spermatozoa anektdsto studies in rats and hamsters with 16nistillations each,

=

-128 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

two 14-week inhalation studies on rats and mice @net al. 1985, 1986a,b; NTP 2000). The weeklyiaistered
dose in the i.t. studies was 7.7 mg/kg/d in bofesaThe concentrations in the inhalation studer®\n both studies
0, 0.1, 1.0, 10, 37 and. 75 mg/m3, (6 h/d, 5 d/w).

Effects reported in the i.t. studies were essdntialated to the stages of spermatogenesis, thiphmtogy of
spermatozoa and their motility. In the inhalatitudy of rats, slight effects on the motility of spmtozoa were
observed at 10 mg/m3. Minimal testicular atrophyg wecorded at 37 mg/m3, whereas this effect wasnate to
severe at 75 mg/m3. In the inhalation study in rhiggospermia and testicular atrophy were foundatentrations
at or above 10 mg/m3.

The i.t. studies do not mention any findings redate other organs. However ,Tanaka et al. (200@) reported
further details on the hamster study performed mu@ et al. (1996b), mentioned decreased body w&iglassive
effects on the lung and kidney damage., Other flata studies on rats by other authors using conippara
experimental conditions(single or repeated i.tillation at comparable dose levels), observed editking toxicity
(Goering et al. 1988; Webb et al. 1984, 1986, 198i/the 14-week inhalation study, in rats, effemtshe lung at 0.1
mg/m3 and above as well as haematological effeity¢cytic anemia) at 10 mg/m3 and above were aesein
mice, the 14-week inhalation study revealed effeotshe lung at 1.0 mg/m3 and above as well as atdogical
effects (microcytic anemia) at 10 mg/m3 and abdivehall be noted that no adverse effects on speizoa or testes
were reported in the 2-year inhalation studieseferfce) in mice and rats at concentrations upGenty/m3 .

One of the two reasons for RAC’s decision to clgsgallium arsenide as a reprotoxicant Cat. 1B Vetesar effects
on fertility at low doses in the absence of otlmid effects...” This is however not substantiatedHwy available
data. A plausible explanation for the observedotdéfen spermatozoa and testes is provided by théHat all studies
without exception report severe damage to the llihgs damage of the lung induces a persistent rggmia (see
also Osaki et al. 2002). It is well known that hypemia of various causes (high altitude exposuseades of the

lung) has adverse effects on spermatozoa and tictida and morphology of testes. This applies tm&ns as well as

to laboratory animals. (Aasebo et al. 1993; Donayral. 1968; Farias et al. 2005, 2010; Gasco. &08l3; Gosney
1984,1987; Liao et al. 2010; Semple et al. 1984v8htaeva and Kosyuga, 2006; Verrati et al. 20083. other
rationale given by RAC , This is also supported g potential of gallium to accumulate in rat tefifowing
inhalation exposure” is at variance with the cosidos of

the NTP report: Gallium and arsenic concentratiartie lung tissue reached their peak value of rttuma

100ug/g after a 6-month exposure to gallium arsenide @ncentration of 1.0 mg/m3. For comparison, a
concentration of 0.50g gallium/g and Lig arsenic/g respectively was detected in the tdatitcissue. Furthermore,
marked decrease of the gallium and arsenic coraténis in the lung tissue occurred after 6 mondasording to the
authors this was due to an increased activity afropghages. At a concentration of 0.01 mg/m3 (stillsing lung
tissue irritation) there were no traces of gallidatectable in the testes at any time and

the concentration of arsenic was at the level efdbntrols. The absence of any detectable gallameentration in
the testicular tissue at the exposure level clasetste actual situation at the work statioe. 0. 01 mg/m3does not
support the assumption of an accumulation relefmardlassification. Presumably the NTP judgmeriidased on the
observation that compared to the accumulationeénhg the increase of the gallium and arsenic eoimation in the
testicular tissue is insignificant.

- 129 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

In summary there is no effect of gallium arseniderale fertility relevant to classification and édibg.

Note: Gallium compounds, e.g. gallium nitrate, are inéraausly applied at fairly high dose levels (10 Son2g/kg
body weight) to treat cancer, hypercalcaemia anihinodic bone diseases. No adverse effects on tests male
fertility have been reported (Chitambar 2010).
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10. APPENDIX

Gallium Arsenide: considerations on genotoxic effes and possible thresholds by M. Kirsch-Volders
Vrije Universiteit Brussel, Laboratorium voor Cédire Genetica Pleinlaan 2, 1050 Brussels, Belgium
Tel: + 32 2 629 34 23, emaihkirschv@vub.ac.be

Introduction

Hazard Assessment of the genotoxic/carcinogenienpiad of Gallium Arsenide (GA) should theoretigationsider
the effects of the particles as such, and theg gaparately. GA is considered to have low solytdlnd the data on
its genotoxicity is scarce. Thereitisvitro andin vivo evidence that GA releases gallium and arsenic

moieties. Risk assessment should integrate hanaréxposure, addressing types of doseresponsescifrve
applicable. Our objective is to report on the gerigity of GA and its two constituents, on theirdkam genotoxic
mechanisms of action, and to consider a poteiieshold for genotoxicity. For this purpose, weatfintroduced
some general concepts on genotoxic modes of aatidron thresholds, and then analysed the genatpricgallium
arsenide, gallium and arsenic.

1. General Concepts

1.1 Genotoxic modes of action of metals (Mateuca.eR006)
The genotoxic effects of a potential mutagen depemdits cellular target(s). A mutagen can indueeognic changes
by interacting directly with DNA or indirectly thugh binding to proteins involved in the maintenaotgenome
integrity. Tubulin disrupting chemicals like nocadée and carbendazim induce aneuploidy by interewith the
accurate functioning of the mitotic and meioticrefte. Metals form a particularly complex class aftagens, due to
the fact that they have multiple cellular targ&igure 1 summarizes the most important mutagemnicgsses
described so far for metals.

1.2 Thresholds for genotoxicity (Kirsch-Voldersagt 2000, 2009; Speit et al., 2000)
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1.2.1 Definitions of thresholds

A threshold dose for a specific genotoxic effeca@ubstance may generally be described as thebéts& which
the substance does not induce the effect, althdugls the potential to induce it. Such a defimitcan be used in the
context of various genetic endpoints — from earlyAeffects (e.g., DNA adducts, DNA damage) to niots. As a
practical requirement of using such a general @d&finone should always explain what is specificafieant in a
given context, especially the genetic endpoint rbesspecified. When discussing specific data, itldidoe helpful to
differentiate betweetrue andpractical threshold doses. According to Lutz (1998), a trueghold dose may be
defined as a point in the dose—response curve vehglape 0 changes into a slope >0. For situatidrese the
substance under investigation acts incrementally lmjechanism which has a (variable) background aatieie
threshold will not be found. However, a practidakshold dose can be set where the linear paneaddse—response
curve is hidden within the background variability.

Threshold doses must be distinguished from ‘no eskadverse effect levels' (NOAELSs) which dependhe
sensitivity of a test system to detect a specifiect. Furthermore, NOAELSs refer to ‘adverse’ efée whereas
thresholds may be defined for effects without kremigie of their consequences. Thresholds can oftasdimilated
to NOELs, as far a true non-genotoxic dose range ffiven genotoxic effect is demonstrated; howéwersholds are
considered to have “nonlinear dose responses”iratiiet case of NOELSs “non-linear” responses areahofys
“thresholded”.

1.2.2 Indications for thresholded mutagenic effeetgliire mechanistic evidence

For many years it has been commonly accepteditiahssessments of genotoxic chemicals are baskaean
models for extrapolating low dose effects from ekpental data. Some authors name it a dogma, garaedr a
historical issue. In fact the underlying assumptmthe absence of a threshold for the inductiomofations and is
scientifically based on the concepts that i) sorh&\Desions are not repaired, have no chance t@peaired (induced
in late interphase) or are misrepaired and arethey mutagenic; ii) a single mutation can be resjime for cell
transformation. Although these concepts are siiidy recent developments indicate the existendgadbgically
meaningful threshold effects for some types of mutagenic evdntleed as far as non-DNA interactive mutagens

(indirect mutagens)are concerned, when several targets need to lyeted to induce the genotoxic endpoint (e.g|

inhibitors of tubulin polymerization). The first pgrimental demonstration of a threshold was pral/fde aneuploidy
inductionin vitro in human lymphocytes (Elhajouiji et al., 1995, 198l in mouse oocytes (Kirsch-Volders et al.,
2003), andn vivoin rat and mice peripheral blood (Cammerer e24l1,0) exposed to spindle poisons. Extrapolati
in vivoto germ cells where the organization of chromatid a

the efficiencies of the cell cycle and spindle dpxnts may differ between both meiotic divisiom&ldetween sexe
remains difficult. It was further hypothesized thiateshold responses might also be expected fro-Dikeractive
mutagensdirect mutageng when their interaction with DNA is dependent @rtfcular mechanisms, namely
bioavailability, metabolic activation, scavengef®xidative damage and DNA repair (Kirsch-Voldetsak, 2000;
Jenkins et al., 2005) (Figure 2). Recent paperlyzed these hypotheses, in particular Jenkins. ¢2805) who came
to the evidence of the presence of a genotoxishiuld for O6G- and N7G-inducing alkylating agemts i
mutagenesis/chromosome damage. The authors coegithert the contribution of DNA repair was the etisg¢
mechanisms responsible for this threshold. Howéweould be scientifically unjustified to considirat all DNA
lesions are susceptible to be repaired and theréfioesholded responses be expected for all DNedntive
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mutagens. As far as DNA adducts are concernedipertant adducts for induction of mutations arestwhich 1)
avoid immediate repair, ii) misrepair during reption, iii) are repaired within an exon. It is tefare crucial to have
specific methodologies to assess the relevant @sldnd to understand the corresponding mechanisBi A repair.

2. Genotoxicity of Gallium Arsenide (Risk AssessmérCommittee, 2010)

The genotoxicity data available for GA are scame elearly reported in the RAC Background docum2at,0 (p25-
26):

_single Ames test with and without S9 accordin@&CD 471 guideline : negative (Zeiger et al., 188&d in NTP,
2000)

_singlein vitro micronucleus (MN) assay in SHE with cytochalasiwiBhout S9, no OECD guideline available at
that time: negative (Gibson et al., 1997)

_singlein vivoMN assay in peripheral blood after inhalation, adatg to OECD guideline 474 (except absence o
positive control): negative (NTP, 2000)

| was informed about a very recent HPRT study inQélls, performed according to current GL, which \a&®
negative (Stone V., 2010 unpublished results). biyoern for these genotoxicity studies are relabetie low
solubility of GA and the size of the particles (rtiened only for thén vivoassay 0.9 to 1.8m), possibly close to the
nanosize. With our present knowledge about the tgaiwity of small sized particles and its impliaais forin vitro
andin vivo genotoxicity testing the protocols applied at tivat are not adequate (Gonzalez et al., 2008, 201.1)
particular nanoparticles are almost not taken ugdlynonellaand in then vitro MN assay cytochalasin-B should n
be added together with the particles to avoid blmfoBndocytosis (actin block by cytochalasin-B)eTHinetic for
uptake and translocation of these small parti¢iesugh the lung is also a major problem; MN analysithe lung
epithelial cells (at the target site) should beoramended. All these shortcomings might explainntbgative data.

In summary we cannot base our conclusions on théadle genotoxicity data of gallium arsenide. Ejrthey are too
limited. Second, additional information on phys@wemical characteristics of the particles are nekddoreover,
new experiments performed according to the recelgigned protocols for the testing of poorly s@dytarticles
should be advised. Therefore we will base our disicun on the genotoxicity modes of action of Acsepécies and
Gallium.

3. Genotoxicity of Gallium

To the best of our knowledge, no data on genottyxafigallium is available. The only information igh might be
relevant for potential genotoxicity is that 1) @adh can interfere with calcium uptake; the elemsr potent
inhibitor of protein synthesis (Hoyes et al., 199)Gallium also appears to inhibit DNA synthdsysaction on
ribonucleotide reductase (Riaz et al., 1995); dncy®pathological effects of Gallium include nuachéth irregular
outlines and heterochromatin (Yang and Chen, 2003).

4. Genotoxicity of Arsenic: Gene Mutations, Clastognicity and Aneugenicity
(for review see Basu et al., 2002; Kligerman andriat, 2007; Klein et al., 2007; Gebel, 2001)

The trivalent arsenic is considered as more tdxan the pentavalent form. Several data suppaetgltha that arsenic

is not a strong inducer of gene mutations whicreappnly at higher concentrations. Clastogenesikidme a
potentially genotoxic modes of action for arsemmpounds. Several studies report increased chram®mso
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aberrations in lymphocytes of humans exposed tnarsn drinking water. However, similar to the genutagenesis
studies reported, arsenite and the trivalent méitabare clastogenic only at highly toxic. It esen suggested that
the increased number of mitotic figures, recoraedassic cytogenetic assays as mitotic index @ed as indicators
of “cell viability”, may rather imply a cell cyclblockage at G2/M. Since cells with accumulatingochosomal
aberrations at G2/M may not be viable in the la@gt the relevance of this kind of data for cargemc risk
assessment remains unclear. Indirect genotoxic amesins may include aneuploidy, oxidative stressiahibition of
DNA repair, many of which have clearly been seaardfeatment with arsenic compounds. Co-
mutagenicity/synergestic effects of arsenic withesal direct acting mutagens are well known andpabably be
attributed to DNA repair inhibition. At lower ardgerconcentrations, aneuploidy is seen. Micronu@é\) are
inducedin vivoin mice treated with arsenite and are detectedfwliated bladder cells, buccal cells, sputum cefid
lymphocytes from arsenic exposed humans. An arsabfdVIN induced by arsenite shows that at low {reddy non-
toxic) doses, arsenite acts as an aneugen byaritegfwith spindle function and causing MN with temeres, while
at high dose it acts as a clastogen, as indicatédNb formation without centromeres. In Chinese ham¥79 cells,
10 uM arsenite (not a very toxic concentration in thesks) disrupted mitotic spindles and induced istzat
aneuploidy that was maintained even 5 days afeeinoval. This may be a possible explanationifer‘telayed
mutagenesis” noted after long-term exposure to(lwam-toxic) concentrations.

In summary, direct mutagenic effects of Arsenidilegito gene mutations or clastogenicity are obsdrenly at
higher concentrations, except when arsenic is telst&o-mutagenesis experiments. Arsenic is workssgntially as
an indirect mutagen leading to chromosome breal@agmeuploidy, by inhibiting proteins involved ilNR repair,
mitotic machinery, methylation processes and otfegrotoxicity-related pathways. Therefore the MNagsghich is
covering both clastogenic and aneugenic eventsthiglhecommended to assay the hazard and risksehar
genotoxicity.

5. Genotoxic Modes of Action of Arsenic Species.

Various modes of action have been proposed fon&rsarcinogenicity:

__induction of oxidative stress

_ disruption of tubulin polymerisation

_induction of genetic damage

__diminished DNA repair

__ altered DNA methylation patterns

__suppression of tumor suppressor protein p53

_ biomethylation,

__enhanced cell proliferation

Of particular importance for thresholded effectgehnotoxicity are the following mechanisms:

_ Induction of oxidative and nitrosactive stress aathage (for review see Jomova et al. 2011)

Many mechanistic studies of arsenic toxicity hawggested that reactive oxygen species and reagtiogen specied
are generated during inorganic arsenic metabolisiming cells. Arsenic induces morphologic changes
mitochondria integrity and a rapid decline of mitioadrial membrane potential. Mitochondrial alteyas are
considered to be primary sites where an uncontteledom formation of superoxide anion radical escGascade

mechanisms of free radical formation derived frwm superoxide radical combined with a decreaselinlar
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oxidant defence by treatment with glutathione-dépdeagents results in an increased sensitivityedls to arsenic
toxicity. Experimental results based on bistlvivo andin vitro studies of arsenic-exposed humans and animals
suggest the possible involvement of increased faomaf peroxyl radicals (ROOQe), superoxide aniadical (O2 «-),
singlet oxygen (102), hydroxyl radical (¢OH), hydem peroxide (H202), dimethylarsenic radical [(CHS)e],
blood nonprotein sulfhydryls and/or oxidant-indud®dA damage (Flora et al., 2007). The exact mecmni
responsible for the generation of all these reacpecies has yet to be fully elucidated, but sstndies have
proposed the formation of intermediary arsine sggedn addition to reactive oxygen species, arsexposure can
initiate the generation of reactive nitrogen spe¢RNS). Several contradictory results describisg@icinduced
production of NOe« have been reported, one of wkimhcluded that there was no arsenic-induced inerigal O
generation in hepatocytes and human liver cells¢twimhibited inducible NO synthase gene expressiarytokine-
stimulated human liver cells and hepatocytes. Hanegn another study, arsenite was said to infmilgiticible NO
synthase gene expression in rat pulmonary arteopgnmuscle cells. A third study with low levelsakenite (<5
uM) similarly recorded no change in intracellulancentration of Ca(ll), nor any NOe generation, adaay to
results from EPR spectroscopy.

_ Disruption of spindle tubulins and aneuploidy

Effects of As203 on the spindle were reported alyaa 1986 (Kirsch-Volders, 1986) in primary hunféroblasts
and more recently confirmed and reviewed by Kliganret al., 2005; Kligerman and Tennant, 2007)hénlatter,
new evidence was provided that reduced glutath{@®H) can chemically reduce inactive pentavalesg@icals to
trivalent arsenicals which can disrupt tubulin poérization, and that reactive oxygen species (RD&)most likely
not involved in tubulin disruption. Chromosome atstity and karyotype evolution, either through greduction of
stable chromosome aberrations or the inductiometiploidy are driving forces in the induction ohcar.
Chromosome aberration (CA) induction and spindseugiition leading to aneuploidy are important aspetthe
mode of action for arsenic-induced cancer. CA itidndikely is produced through the action of R@®ijle
aneuploid induction may involve direct binding e$@nicals to thiol groups.

_ Methylation

Another important action of low dose arsenite tresit is effects on DNA methylation. It is now wedtablished that
altered DNA methylation of many genes, either @irtfpromoter regions or within exons, are imporiant
carcinogenesis, that DNA methylation changes begity in the carcinogenesis process. It was alewshhat
methylation of critical targets (tubulins, DNA répanzymes) may have indirect mutagenic effectgyfé 3).

_ Inhibition of DNA repair by arsenic species andhetabolites: (for review; see Nollen et al., 2011)

With respect to DNA repair inhibition, several seglpoint to an interaction of arsenic with vari®@ISA repair
pathways, which may in turn decrease genomic iittedtartwig, already in 1998, observed that ars€hl) was
inhibiting the NER incision step and in 2002 writat As (I1l) deserves special attention, as ittiates only
PARP, but does so at very low concentration stguftiom 10nm. Especially nucleotide excision reglER) is
strongly inhibited by arsenic. Surveying the impafcarsenic on NER, numerous studies have showirirtbeganic
arsenic inhibits repair of bulky DNA adducts inddd®y UV-irradiation or benzo[a]pyrene in cultureslls and
laboratory animals; additionally arsenite has b&®wn to down-regulate expression of some NER genadtured
human cells. In humans, arsenic exposure via drinkiater was correlated in a dose

dependent manner to decreased expression of soRegBifes and diminished repair of lesions in lymptesx:
More recently, Nollen et al. (2011) reported thaeaite and its metabolite monomethylarsonous @tMA(111))
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strongly decreased expression and protein levEeobderma pigmentosum complementation group C (XR@ich
is believed to be the principle initiator of glolgnome NER. This led to diminished association

of XPC to sites of local UVC damage, resulting écieased recruitment of further NER proteins. Addélly
Xeroderma pigmentosum complementation group Epr@d&PE) expression was reduced, which encodesiiothar
important NER protein and similarly to XPC is regeld by the activity of the transcription facto3p5

In summary, the data demonstrate that in humanfigkioblasts arsenite and even more pronounced MN)A(
interact with XPC expression, resulting in decrda¥BC protein level and diminished assembly ofNiieR
machinery.

__Genomic dose- reponses (Gentry et al., 2010)

Recently, a comprehensive literature search wagdumiad by Gentry et al. (2010) to identify informaton gene
expression changes following exposures to inorgarsenic compounds. This information was organmed
compound, exposure, dose/concentration, specssigeti and cell type. A concentration-related hidnaof responses
was observed, beginning with changes in gene/pretgiression associated with adaptive responsgs (e.
preinflammatory responses, delay of apoptosis)wvBeih 0.1 and 10M, additional gene/protein expression change
related to oxidative stress, proteotoxicity, inflaation, and proliferative signalling occur alonghwihose related to
DNA repair, cell cycle G2/M checkpoint control, aimduction of apoptosis. At higher concentratiob8<100uM),
changes in apoptotic genes dominate. Comparisopsroéry cell results with those obtained from imtatized or
tumorderived cell lines were also evaluated to metee the extent to which similar responses areiesl across cel
lines. Although immortalized cells appear to respsimilarly to primary cells, caution must be exsed in using
gene expression data from tumor-derived cell limd®re inactivation or overexpression of key geglees., p53, Bcl-
2) may lead to altered genomic responses. Data &mrtein vivo exposures are of limited value for evaluating the
doseresponse for gene expression, because oatisdnt, variable, and uncertain nature of tisspesure in these
studies. The availabie vitro gene expression

data, together with information on the metabolisrd protein binding of arsenic compounds, providieence of a
mode of action for inorganic arsenic carcinogewigitolving interactions with critical proteins, duas those
involved in DNA repair, overlaid against a backgrdwf chemical stress, including proteotoxicity atepletion of
nonprotein sulfhydryls. The inhibition of DNA repainder conditions of toxicity and proliferativegssure may
compromise the ability of cells to maintain theeigtity of their DNA.

In summary, As and its compounds are mutagenig/ bénduce gene mutations and clastogenicity shotv an
inability to induce them at low concentrations. Jli® induce oxidative damage, inhibition of DNAaie@nd
interference with spindle microtubules (aneuploidiiich are potential genotoxic mode of actions dbed in I, as
suggestive for thresholded modes of action.

The critical questions are now:

1) at what concentrations do we see direct (?) RidAage

2) why no induction of gene mutations and clastagefiects at low concentrations

3) what happens at low doses?

£S

6. Genotoxicity at Low Doses, in Particular in Huma Lymphocytes.
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Studies of populations outside the US exposedsende in drinking water show increases in cancéy atrelatively
high concentrations, that is, concentrations inldng water of several hundred micrograms per (juggl). Studies in
the US of populations exposed to average concénigain drinking water up to about 186/ do not provide
evidence of increased cancer. Consideration ohar'seplausible mechanisms and evidence from epalegical
studies support the use of non-linear methodseeitia biologically based modelling or use of a girasof-exposure
analysis, to characterize arsenic risks (Schoah 2004).

The question here is whether there is experimaunigbort for non-linear doseresponse to genotoxisst There has
been much controversy about the shape of the arsesponse curve to genotoxicants, particularlgwatdoses. In
brief, some of the results/opinions related to a-liear genotoxic response, ranging from subliteahresholds:
__Hormesis. at 0.1 touM arsenite: protective effect treatment againstlative stress and DNA damage in human
keratinocytes and fibroblast cell lines, includingreased transcription, protein levels and enzgotwity of several
BER repair genes (DNA polymerase beta and DNA &gBs(Snow et al., 2005).

[1Several modes of action, including generation adative stress, perturbation of DNA methylationtpats,
inhibition of DNA repair, and modulation of sigrtednsduction pathways, have been proposed to desize
arsenic's toxicity. All of the proposed mechanisreslikely to be non-linear at low does. It is Ipable that these
mechanisms do not act in isolation, but overlap, @mtribute to the complex nature of arsenic-imdlc
carcinogenesis (Schoen et al., 2004; Rudel e1296, Andrew et al., 2006).

[JThe data available do not indicate that As’s gexioity can clearly be characterized by a sublird@se-response
relationship. It is more likely that the varietydifferent types of dose response curves is caogetiffering cell
types, various biological endpoints studied, angeeinental scatter. However, this conclusion dagsecessarily
mean that a threshold of toxic action of As is existent nor does it allow the inference that As'’s
carcinogenicity may not underlie a sublinear dasgonse relationship (Gebel, 2001).

Predictivity for risk assessment is better whentisig. from human primary cells. As far as genotcedfects in
humans is concerned, data are available in lymphe@nd fibroblasts both vitro andin vivo. However | regret not
having the extensive data file of the last IARC mgmraph (issue 100) which is not yet available. Efee

| refer to one review (Basu et al., 2001) and sadwitional papers found in Tablelf.vitro andin vivo experimental
animals’ lowest effective doses are reported amahsarized for several endpoints, and in particullealane Comet
assay, chromosome aberrations, SCE and MN induictiboman lymphocytes. However since these expettisne
were not designed to asses thresholds they amdeguate to provide strong informatiémyvivoin humans, some of
the recent available data on exposure and earlgtigethanges are illustrated in Table 1. Positasults are reported
in chronic exposure. Occupational exposure is rddfieult to interpret since the workers are expbse different
metals. Drawing conclusions would require a metyais of the whole data set which is out of scopthe present
report.

In summary to me, there are good mechanistic argsngee part 4.) to support the idea that therghinbe a
threshold for genotoxic effects but there is insigifit experimental evidence that this is corréaequately designed
in vitro andin vivo experiments should be recommend&dneta-analysis of the whole data set

describing early genetic effects in vitro humatyimphocytes and epidemiological studies may al§o dhefining

lowest effect levels
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7. Proposal for Future Studies Designed to Defined®ential Thresholds for Genotoxic Effects

First, thresholds need to be demonstratedtro by assessing genotoxicity in a broad range of lomcentrations:
_inrelevant cell types (proficient for DNA repa@poptosis, p53), and preferentially in human priyncells to allow
easier extrapolation to tte vivo situation

_ with very sensitive and validated methods, cangethe endpoints which are relevant for As mutagisnén casu,
chromosome aberrations with chromosome paintingMrassay with FISH for pancentromeric (aneuploigly b
chromosome loss or clastogenicity) or chromosoneeifp probes (aneuploidy by non-disjunction) (Ethai et al.,
1995, 1997, 2011; Decordier et al.,2011; Cammetrat.,£2009)

__including chronic exposure protocols. Studieda e initiated in tissue culture exposing diplolls to low
concentrations of arsenicals over several cell gdioms. At prescribed periods of time, chromosqmeparations
could be made, and chromosome paints applied tordite evidence for the induction of whole chrommeo
numerical changes or stable chromosome aberratisnsgll as the induction of chromosome instability

_in co-mutagenicity experiments with other knowatagens

_ using high throughput methodologies allowing snoieg on a broad range of concentrations: imaghysina
(Decordier et al., 2009, 2011) and flow sorting fidejer et al. 2011; Avlasevich et al. 2011)

Secondijn vivothreshold studies in rodents (MN) should also liresked with new sensitive methodologies
allowing high throughput screening on a broad rasfgeoncentrations (Cammerer et al., 2009; 2010).

Last but not least, in humans an accurate risksagsent should take into account sensitive populatfe.g. children)
and the role of genetic polymorphisms in the exgiogsof genotoxic changes induced by Arsenic. Amtaresting
example, the paper by Sampayo-Reyes et al. (2@t0pe cited here. The authors used the comet tssapluate
DNA damage in i-As—exposed inhabitants of the noftMexico. The environmental monitoring and th@esure
assessment were done by measuring both drinkingrwedenic (As) content and total urinary As. Idiadn, the
studied population was genetically characterizedduor different glutathion&ransferase omegaG§TO)
polymorphisms (Ala140Asp, Glul55del, Glu208Lys, #id236Val) and the As (+3 oxidation state)
methyltransferaseAS3MT Met287Thr polymorphism to determine whether suahants influence As-related
genotoxicity. As content in the drinking water bétpopulation was found to range between 1 andu@i8/with a
mean concentration value of 1§/l. The total urinary As content of the exposedividuals was found to be
correlated with the As content in drinking waterdaubjects were classified as low (<\@0As/g creatinine),
medium (31-6Qug As/g creatinine), and highly exposed (>®8LAs/g creatinine). A

positive association was found between the levekpbsure and the genetic damage measured as fagreeh DNA
in tail (p < 0.001), andhS3MTMet287Thr was found to significantly influence thigect (@ < 0.034) among children
carrying the 287Thr variant allele. Altogether,ithresults evidenced that people living in Asconizated areas are 3
risk and thahS3MTgenetic variation may play an important role motintasuch risk in northern Mexico, especial
among children.

8. Conclusions

One cannot base conclusions on the available gedaity data of gallium arsenide. First, they arettimited.
Second, additional information on physico-chematedracteristics of the particles are needed. Mosrouew
experiments performed according to the recentlygshesi protocols for the testing of poorly solub&tirles should
be advised. Therefore we will base our discussiothe genotoxicity modes of action of Arsenic sgseand

it
y
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Gallium.Direct mutagenic effects of Arsenic leadiaggene mutations and clastogenicity are obseordg at higher
concentrations, except when arsenic is tested mnutagenesis experiments. Arsenic is working esdigrais an
indirect mutagen leading to chromosome breakageneuploidy, by inhibiting proteins involved in DX&pair,
mitotic machinery, methylation processes and ogfggrotoxicity-related pathways. Therefore the MNagsghich is
covering both clastogenic and aneugenic eventstrhiglhecommended to assess the hazard and rigkafia
genotoxicity. There are good mechanistic argumensgaipport the idea that there might be a thresliotdyenotoxic
effects but there is insufficient experimental emizk that this is correct. Thresholds need to eahstrated in vitro
and in vivo by assessing genotoxicity in a broatgeof low concentrations with the high throughmethodologies
developed recently, in relevant cell lines and alimodels. A meta-analysis of the whole data sstriteng early
genetic effects in vitro in human lymphocytes grideamiological studies, taking into account genetitymorphisms
might help defining lowest effect levels.
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Tables and figures
Figure 1: The most important mutagenic processes describetdfaw for metals (Mateuca et al. 2006).
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interaction between the mutagen (M) and its taf@@t The dose—response relationship is expectée @

superposition of a number of dose—response cuordhéd various effects and modulations (Kirsch-\éoddet al.

2000).
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Figure 3: Major genetic and epigenetic events involved inpgifteess of carcinogenesis

GENETIC EVENTS TR EPIGENETIC EVENTS OTHERS
tedelnttudeltet ettty
Changes in pRNA | 1, | Mit 1
PROTEINS | : | I uRNA | ::' "“‘"“':
Chromosome | | Global DNA 1| C
Spindle  Cellcyde  DNA DNA |« ! ypomethyiation | 31| rasttry | |
microtubules repair instability || loss of imprinting [ I
1
Actins 1 Ciﬂ. island |: Hormones
5 hypermethylation | 1, _ _ _ __ !
Promotor & H 1
of tumor [ || Histone modlﬁmtinn| :
suppressor I
Chromosoms gane I Chromatine :
malsegregation I remodelling 1
| P p——————— ]
| MOIMFIED GENE EXPRESSION

9

MUTATIONS

GENOME, GENE AND CHROMOSOME

TUMORIGENESIS

Table 1 Recent available data on exposure and early

enetic changes of arsenic in vivo in humans

Number of Number of Exposure Cell type Comet | SCE | CA MN Reference
exposed indiv. controls level
0,05 ppm
drinking
104 86 | water lymphocytes neg Vig et al., 1984
89 83 neg
15 pg/l -670
pa/l exfoliated strongest
drinking bladder correlation with Biggs et al.,
232 | no controls water cells urinary index 1997
368,11 pgl/l
in drinking Basu et al.,
45 (arsenicism) water oral mucosa pos 2002
5,49 pg/l in urothelial
drinking cells pos
21 | water lymphocytes pos (with Cyto-B)
64-800ug/l
25 Bowen's matched in drinking Ghosh et al.,
patients controls water pos 2007
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52 internal neg (with Cyto-B),

105 (smelting reference but co-exposure to Paiva et al.,

plant) group lymphocytes other metals 2008
(employees
from the
same plant)
50 external
reference
group
(working in
cupper mine)

21/04/2011 | United States / Detlef | ECHA comment: The attached document (RFMD ECHArlpttf) is copied below. Thank you for your

Bad_orrek I RF Micro Re: Comments on the Proposal for Harmonized Classification and Labeling of Gallium Arsenide comments.

Devices / Company-

Manufacturer The Harmonized Classification and Labeling case of Gallium Arsenide is of particular concern to Regarding your comment
RF Micra Devices, Inc (RFMD). RFMD is a global leader in the design and manufacture of high- on occupational
performance semiconductor components. The cornerstone of our technology is the GaAs epidemiological studies
semiconductor produced in our Greensboro, North Carolina (USA) and United Kingdom please see response to
facilities. RFMD's products enable worldwide mobility, provide enhanced connectivity and Germany |/ Christian
support advanked functionality in the cellular handset, wireless infrastructure, wireless local Eckert / ZVEI / Industry

area network (WLAN), CATV/ broadband and aerospace and defense markets. As one of the
largest GaAs semiconductor wafer manufacturing facilities in the world RFMD is rightfully
concerned with any ill-conceived classification of GaAs that threatens our core technology and
that of an entire industry, Not using the most up to date studies, using improper test subjects
and employing inaccurate read across techniques are three examples which make us question
this case and prompts our commentary.

or trade association in the
beginning of this
document.

For RAC evaluation of
Carter et al. (2003) and
bioavailability please see
point 4) of the Annex to
RCOM (Additional
response to comments).

Regarding your comment
on the discontinuance of
use of the F344 rat strain
in carcinogenicity studies
we believe that the
conclusions from the NTF
study on gallium arsenide
in rats still is valid, as
assessed by Tokar et al.
a recent paper (Tokar et

® synonyme LGLL (Large Granular Lymphocyte Leukemia)
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Gads behaves differently from other As compounds and acts differently than elemental As, as
far as carcinogenicity is concerned (Carter etal, 2003). We have been manufacturing GaAs
wafer and the electronics based on them for 15 years and we are aware of epidemiological
studies that have been performed in the GafAs semiconductor industry (Bender et al). These
studies did not indicate increased cancer risks attributable to the As exposure. This does not
support the accumulation of As in workers involved in this industry. It appears to us that this
negative data was not considered when the read across approach was taken to link the
carcinogenicity of As:0s with GaAs since these two compounds behave very differently with
different oxidation states and water solubility (GaAs: =<1 g/L, As203: 660 g/L). Carter et al
2003 stated "It is clear that highly insoluble arsenide semiconductors were less acutely toxic
than equal amounts of arsine or their more soluble arsenious acid products™. The oft-guoted
Carter review draws an unambiguous conclusion with respect to GaAs stating "there is
insufficient evidence to equate the different arsenic compounds,”

The Carter et al review is cited in a number of instances by the RAC without extensive

elaboration giving the impression that the Carter review supports the proposed classification of

Gahs. However, a reading of the paper leads to quite different conclusions. In addition, to the
Carter et al review the Yamauchi (1986) paper commented that “The low solubility and poor
oral absorption may make this compound [gallium arsenide] less toxic that other inorganic
arsenic compounds.” Neither of these papers supports the RAC opinion on the proposed
classification of GaAs and should have been instrumental at arriving at a much different
opinion.

al., 2010).
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Studies have shown that the rat is an inappropriate animal from which to draw conclusions
about As carcinogenicity in humans {Carter et al, Vahter et al). To quote from Carter et al 2003,
“It is not possible to use animal data as a model for humans or for the rat to serve as a model
for other laboratory animals. It was a surprise when the results from long- term animal studies
did not model humans”. It is of concern when the opinions and conclusions of subject matter
experts are not epenly considered when determining the carcinogenicity of GaAs in humans. In
fact recent evidence has emerged that the F344/N rat has been discontinued from use in
Toxicity Studies, King-Herbert and Thayer [2006]. It appears that the chronic inflammatory
effects of particles are probably more responsible for the neoplastic transformations observed
in animal species, than the cardinogenic effects of GaAs.

In conclusion we request that the proposed classification of GaAs be reviewed taking into
account all the available recent evidence in order to arrive at an appropriate classification.
RFMD throughout our wafer fabrication eperations has done the due diligence and put safe
handling and disposal measures in place to protect our employees. This was done by having a
thorough understanding of the compound we are working with and the studies that provide
guidance in its use and handling. RFMD requests that the RAC apply the same procedural due
diligence to reach a conclusion that is supported by all the scientific evidence available.

Respectfully,
:‘L,tkq A Boadgede

Detlef 5. Badorrek, RoHS Green Group
RF Micrao Devices, Inc.

7628 Thorndike Road

Greenboro, NC, 27409

usa

References

Beall et al, Mortality among semiconductor and storage device-manufacturing workers, | Occup
Environ Med 47, 2005, 996-1014.

Bender et al. Cancer incidence among semiconductor and storage device workers. Occup
Environ Med 64, 2007 30-36.
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Carter, D. E., Aposhian, H. V., and Gandaolfi, A. 1. (2003). The metabolism of inorganic arsenic
oxides, gallium arsenide and arsine: a toxicochemical review. Toxicol and Applied Pharmacol,
193, 309-334.
WVahter, M., E. Marafante, and L. Dencker. 1984. Tissue distribution and retention of 74As-
dimethylarsinic acid in mice and rats. Arch. Environ. Contam. Toxicol. 13:259-264
Vahter, M. 1994, Species differences in the metabolism of arsenic compounds. Appl.
Organomet. Chem. 8: 175-182.
22/04/2011 | France / Corporate ECHA comment: The attached document (11-0863 ECHi#monizing classification and labelling — Ansvterthe | Noted.
Services / Company- | public consultation issued on 25th May 2010.pd€adpied belowThere is a confidentiality claim for this comment
Downstream user
26/04/2011 | United States / John | ECHA comment: The attached document (TriQuint FRivh@ents on GaAs Dossier 25-Apr-2011.pdf) is copied | Thank you for your

Sharp / TriQuint
Semiconductor, Inc. /
Company-Manufacture

below.

April 25, 2011
European Chemicals Agency
Annankatu 18, P.O. Box 400 FI-00121 Helsinki, Fila

Greetings: Attached, please find supplemental comisrfieom TriQuint Semiconductor, Inc. on the Pragdder
Harmonised Classification and Labelling of Gallidasenide submitted by France.

These comments were submitted separate from TriQuarlier comments on the Gallium Arsenide comisietiue
to the fact that they concern some of the samesdpat were addressed in the 2009 IPC comme €A
regarding this classification. After review of tResponse to Comments by the RAC, TriQuint doeshiok that the
RAC gave these comments the due diligence hoped f@mse comments concern the effect of fine pdaieumatter
and how that has confounded the data regardingldissification of gallium arsenide with regards#mcinogenicity.
Herewith, we offer our comments on the Carcinoggnidassification and the impacts of fine partatgl matter.

Signed for and on behalf of TriQuint Semiconductoc,: Date: 25-Apr-2011
John Sharp
Corporate Product Compliance Manager

Gallium Arsenide
Position of TriQuint Semiconductor, Inc. on the Ophion of the Committee for Risk Assessment proposing
harmonized classification and labeling at the EU leel for GaAs adopted 25 May 2010

Executive Summary
TriQuint Semiconductor, Inc., based on scientifid éegal advice, submits that the Opinion of May 2®10 of the
Risk Assessment Committee on the proposal forldsification of Gallium Arsenide (GaAs) as Carat.(A is not

comments.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

Regarding your fine
particulate matter-
considerations, please s¢
point 3) of the Annex to
RCOM document
(Additional response to
comments).

We acknowledge that the
small particle size and
high consentration in the
NTP 2 year study on rats
represent an exposure
scenario that constitutes
worst case scenario.

re
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supported by the most recent scientific data. TinQurges RAC to correct its opinion on the clasation and
labeling of gallium arsenide. Specifically, TriQtuiequests the RAC to respond to the following veitipporting
data:

1. How do the dossier authors and the RAC think plgticle size effects have been accounted ftmérRAC
opinion, as stated in the RAC response to the BOOY) comments? There has been no distinction rieadarious
sizes of gallium arsenide particles. Therefore dbgsier authors and the RAC must believe thaizdls of gallium
arsenide particles are of equal health risk.

2. Why are the exposure scenarios used in thedimgizal studies cited by the dossier authors &aedRAC relevant,
but the most probably exposure scenario for thegipublic and sensitive populations is not refg?a

3. Do the dossier authors and the RAC believepégticle size is irrelevant to the toxicology offiges? If so, why
is there concern about nanomaterials? Does this thed there will be no EU regulation of nanomatistisince
particle size is irrelevant?

Part I: IPC Comments on Fine Particulate Matter impacts from July 2009

In its comments in July 2009, IPC commented: Sanpgly, none of the investigators in the NationakiEology
Program, 2000 study or the IARC Working Group se&toevonder about the health effects of exposing
experimental animals to the particulate matter $aadhe tests, and whether the physical natutbeoparticulate
matter itself could cause some of the effects no¢gdrdless of the chemical nature of the parti¢tRS went on to
show through a detailed analysis of the particte siistribution used in the NTP (2000) study, thast of the effects
noted in the NTP (2000) study could be due to titene of the Fine Particulate Matter (FPM) usethastudy. In its
response to the IPC comments on the effects dhttedation of FPM, dossier authors and the RAC oaded:
Comment (FR): In the General remarks on the sulestsuconsidered made by the Working Group for the
International Agency for Research on Cancer (IARBnograph Volume 86 (see pp 33), it is noted: “Mafsthe
materials evaluated in this volume are poorly stdudplid materials that are deposited in particeldbrm in the
lung, where they may be retained for long periodsnee. In this respect, they should be considetparticulate
toxicants’, the toxic effects of which are regutatet only by their chemical composition but algateir particle
size and surface properties.” Therefore, the plglsiature of the particulate matter were taken iatwountRAC-
(co-)rapporteurs: NTP states in the report that fad time during the 14-week or 2-year studies vileedungs
considered to be in an overload situation.”

These are the only comments on IPC’s analysiseointipacts of FPM.

Part II: TriQuint response to the RAC Response to PC Comments

TriQuint would like to respond to the lack of RAGmments and expand on the IPC position. The comment
“Most of the materials evaluated in this volumeoerly soluble solid materials that are depositegarticulate
form in the lung, where they may be retained foglperiods of time. In this respect, they shoulddiesidered as
‘particulate toxicants’, the toxic effects of whiate regulated not only by their chemical compositbut also by

However there is no
deviation from OECD tes
guideline 451 on this
issue.

RAC agrees with IND
who claims that the

spontaneous incidence of

mononuclear-cell
leukemia (MCL)7 in
Fischer F344 rats is so
high that this effect
should be disregarded.
Please see the opinion (g
1 December 2011).
Regarding your fine
particulate matter-
considerations, please s¢
point 3) of the Annex to
RCOM (Additional
response to comments)

Regarding your comment
on threshold for
carcinogenicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments)

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional

response to comments).

For justification of RACs
considerations, please s¢

=

£e

the opinion (of 1

" synonyme LGLL (Large Granular Lymphocyte Leukemia)
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their particle size and surface properties.” Thengf, the physical nature of the particulate mattere taken into
account.”is inaccurate. If the “physical nature of the partte matter were taken into account”, the sulgéthis
classification would be “Fine Particulate Galliumsanide, with a MMAD of 0.8 microns or less”, nangly
“gallium arsenide”. The size of the particles ugethe NTP (2000) study has been demonstratedusecthe
symptoms that are shown by the animal test subjébtsse symptoms would have shown up, regardleteof
chemical composition of the substance. Crushedsraduld have given the same outcome. The only saces
characteristics are that the particles are findqdate matter (< 1 micron) and poorly soluble. &udlparticulate
matter is being tested, it is immaterial how marg/kg of body weight of a substance are given tadlsesubject.
The actual weight of the substance has little tovilb how the substance behaves chemically. Whes daatter is the
concentration of active surface sites on the dagid good proxy for the concentration of activeface sites is the
surface area of the particles. For example, ihani3 cube of gallium arsenide is considered, ithksgth, width,
and thickness of 1 mm. Since gallium arsenide atystre cubic at small sizes, this sample woula lzasurface area
of 6 mm2, and a mass of 5.32 mg. If we continuously

“halve” the dimensions of the sample of galliumesnigle in a series of steps (except for the yell@hlighted row,
which was calculated for the discussion below)olv&in the following data:

Table 1. Particle Size vs Total Surface Area

Table 1. Particle Size vs Total Surface Area
Single
Pariicla Particla Sfc Area per Total Sfc Total
Particle siZe, MMAD, volume, Particle, Araa, Mass of

size, mm micTons microns mm3 mm2 # of Particles mm2 GaAs, mg
1.0000000 1000 2308.513 1 ] 1 B 532
05000000 500 1153.258 0.125 15 a 12 532
0.2500000 250 576.628 0.015625 0.375 B4 24 5.32
0.1250000 125 288.314 | 0.001953125 0.08375 512 48 5.32
0.0625000 | 62500 144157 | 0000244141 | 0.0234375 4098 05 532
0.0312500 | 31.250 72079 3.05176E-05 | 0.005859375 32768 192 532
0.0156250 | 15.625 36.039 3.0147E-06 | 0001454844 262144 384 5.32
0.0078125 | 78125 18.020 4. 7REITE-O7 | 0000366211 2047152 768 5.32
0.0030063 | 3.0063 0.010 5.06046E-08 | 0.165R07E-05 16777218 16538 532
0.0019531 1.0531 4.505 7. 450528E-00 | 2.28800E.05 134217728 3072 532
0.0009766 | 09766 2.252 9.31323E-10 | 5.72205E-06 | 10737415824 6144 5.32
0.0004883 | 0.4883 1.126 1.16415E-10 | 1.43051E-06 | 8509934502 12288 5.32
0.0003468 | 0.3468 0.800 4.17256E-11 | 7.21805E-07 | 23066106642 17299 532
0.0002441 0.2441 0.563 1.45519E-11 | 3.57B28E-07 | BET10476736 24576 532
0.0001221 01221 0.282 1.81809E-12 | B.040FE-08 | 549756E+11 48152 5.32
0.0000610 | 0.0810 0141 2.27374E-13 | 2.23517E-08 | 4.39805E+12 08304 5.32
0.0000305 | 0.0305 0.070 204217E-14 | 5.58704E-09 | 3.51844E413 196608 532
0.0000153 | 0.0153 0,035 355271E-15 | 1.30B08E-00 | 2.81475E+14 [ 30316 532
0.0000076 | 0.0076 0.018 4 44080E-16 | 3.49246E-10 | 22518E+15 T8E432 5.32
0.0000038 | 0.0038 0.009 555112E-17 | 8.73115E-11 | 1.80144E+16 | 1572864 5.32

From Table 1, it can easily be seen that all o$¢hgarticle sizes have the exact same total gahlitsmnide mass, 5.3
mg. However, if the particle size of approximat@l00 micron MMAD (which is equal to the 0.8 micrbtMAD

used in the NTP (2000) study — highlighted in ywlio Table 1) is reviewed, it can quickly be seleatthe surface

December 2011).

For RAC evaluation of
Carter et al. (2003) (as
well as Yamauchi 1986)
please see point 6) of the
Annex to RCOM
(Additional response to
comments).

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry
or trade association in th¢
beginning of this
document.

- 152 -



Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

area of 5.32 mg of this particle size has 2883Xstiméace area of a 1Imm3 cube of gallium arsenide:

1729%mm"

B

=2R83X

and thus 2883X the number of active surface siiesefactions. Obviously, 5.32 mg of gallium arsenidth an
MMAD of 0.800 microns will have a much higher imp#tat 5.32 mg of gallium arsenide in a 1mm3 cube.

IPC examined the patrticle size distribution vergrthughly in their IPC 2009 comments:

In Table J6 (p. 297 of National Toxicology Progra2f00 study), it is shown that the Mean Mass Aarathjic
Diameter (MMAD) of the gallium arsenide particleasa0.8 microns, with a Geometric Standard Devia{@8D) of
1.9 in the 2-year rat tests. Similar MMAD and GSé&ewused in the two-year mice study (Table J7,8).Zkhe
MMAD and GSD were similar for the various aerosshcentrations of 0.01, 0.1, and 1.0 mg/m3. Forsdlee of
discussion, we will assume the MMAD = 0.8 micrond &SD = 2.0. As the MMAD is an “aerodynamic” diaere
not the actual particle diameter, the MMAD has &divided by the square root of the density ofigalarsenide to
get the Stoke’s diameter of the particle (0.8 misrH(5.32gr/cm3)™0.5 = 0.347 microns). Since galliarsenide is
heavy, a smaller particle will behave like a muatgkr particle. The Stoke’s diameter is relatedhe actual
diameter by the sphericity, Gallium arsenide crystals are cubic in form and 1.0, equal to a sphere. Therefore,
we will use the term particle diameter in this dission, rather than Stoke’s diameter. It is errameto assume that
there is an “average” particle that is 0.347 micr®m diameter. An MMAD of 0.8 microns equivalen foarticle
diameter of 0.347 microns means that half the nsassparticles larger than 0.347 microns and hhié mass is in
particles smaller than 0.347 microns. For this peutar size distribution (0.8 micron MMAD, GSD =02. only 4.5%
of the particles are larger than 0.347 microns, they make up 50% of the total mass of particléguie 1).

%z of Mumber of Paricles ve. Cumulative Mass Fraction
100.00% p—— e
90.00% e 7
] -
8 d0n0% AE4% of paricios mako up S0% of e bofal mess
E A e X
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Figure 1. Particle Size Distribution vs. CumulatiMass Percent

The point is that the majority of the particles aneich smaller than the MMAD of 0.8 microns (paetidlameter of
0.347 microns). This smaller particle size also ngethat the smaller particles have much more sertrea
available for interactions with tissues and orgdRigure 2).

Therefore, actual mass-based concentration is immatial to the discussion of how much of any fine pdiculate
matter does it take to cause impacts. When the inkation or ingestion of particulate matter is invesigated, it is
critical that the particle size distribution is taken into account.

Why is this important?

This is important because Fine Particulate Matter ieen demonstrated to cause cancer and othetsdffat are
shown in the lungs of the rats in the NTP (2000)igt{see IPC 2009 comments for details, (pagesiBarRecently,
studies have shown that small particles less thamicrons (Yamashita et al, 2011) can also cilosplacental
barrier of pregnant mice and have neurotoxic effect offspring. Approximately 92.5% of the part&knd almost
50% of the weight of the particles in the NTP (208tidy are less than 0.3 microns. The particlékérNTP (2000)
study are small enough that they can pass intbltu from the lungs. Also, the large surface axiethe particles
breathed in by the rats allows a tremendous anmafisurface area for reaction with lung tissues.

TriQuint reiterates the IPC (2009) comments, byatagy that the particle sizes used in the NTP (2@fudy have
zero relevance to the form of gallium arsenide Wititbe encountered by any consumer. In its respdo the IPC
(2009) discussion of exposure scenarios, the doasthors and the RAC responded:

Comment (FR): These information will be usefulubhsequent phase; However, only the part regardirgroute of
exposition is taken into account for C&L dossi&8\.C (co-) rapporteurs: The exposure scenarios arerésting and
relevant for risk assessment, but not relevantfassification and labelling.

These statements do not make logical sense. Ofe@xposure scenarios are relevant for classdicand labeling.
The classification of chemicals substances is BASHIpon exposure scenariodoes anyone on the RAC think
that the outcomes of a study will be the samedfgallium arsenide is ingested vs. inhaled? Wél¢hbe a difference
if the rats inhale 0.1 mg/m3 vs 10 mg/m3? Will thbe a difference if the same air concentratiarsed, but the
particle size of the gallium arsenide is 1 mm iandéter vs. 0.00015 mm in diameter? These are pdisexe
scenarios. It is misleading to state that exposcemarios are irrelevant for classification. Theremprocess of
studying chemical toxicology is built on exposucesarios. How those scenarios are constructee im#in
determinant of the outcomes of the toxicologicatigs. If it is truly believed by the RAC and ttegporteurs that
exposure scenarios are irrelevant to classificatioen all of the studies cited in the classificatof gallium arsenide
should be discarded, as they all are based on espesenarios. If members of the scientific comryutnuly
believed that the particle size distribution did nmtter to toxicology, why is there concern in Elg regarding
nanomaterials? In the recent RoOHS recast, the reaponvorked very hard to regulate nanomateriaElactronic and
Electrical Equipment (EEE). Risk assessment wogdoiag on around the world, regarding the healttahds of
nanomaterials.

Summary
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Contrary to their response to IPC, the dossieraatand the RAC are not accounting for the effetthe particle
size distribution in the studies cited in the caogenicity classification of gallium arsenide. Tgeeticle sizes used in
the toxicological studies used in the dossier aA€ Rpinion are orders of magnitude smaller tharséat will be
encountered by the general population (includingsiige populations). The sizes of the particlesduis the studies
are capable of causing many of the same healthtefés are cited in the dossier, regardless afhbenical
composition of the particles.

IPC (2009), Comments on GaAs Dossier, submittedu222009.
National Toxicology Program (2000pxicology and Carcinogenesis Studies of GalliuseAide (CAS No. 1303-00
0) in F344/N Rats and B6C3F1 Mice (Inhalation S&s)i{NTP Technical Report 492), Research Triangle Pefk,
Yamashita, et al (2011%ilica and titanium dioxide nanopatrticles causegmancy complications in micBlature
Nanotechnology, Advance Online Publication, 03-2pf1

26/04/2011

United States / John
Sharp / GaAs Industry
Team / Company-
Manufacturer

ECHA comment: The attached document (GAIT CommenB&aAs Carcinogenicity Classification_25-Apr-2Qidi)
is copied below.

April 25, 2011

European Chemicals Agency
Annankatu 18, P.O. Box 400 FI-00121 Helsinki, Fida

Greetings:
IPC — Association Connecting Electronics — is pdelat® offer the following comments on the Propdsal
Harmonised Classification and Labelling of Gallidasenide submitted by France.

IPC is a global trade association that represdhtacets of the electronic interconnection indystncluding design,
printed board manufacturing and electronics assgritrinted boards and electronic assemblies are ins variety
of electronic devices that include computers, gketines, pacemakers, and sophisticated missile skefstems. As a
member-driven organization and leading sourcerfdustry standards, training, market research abticppolicy
advocacy, IPC supports programs to meet the ndeats @stimated $1.7 trillion global

electronics industry.

An important part of the electronics supply chaitthe semiconductor industry, which provides atted boards and
electronics assemblies with components neededgooduct to function properly. Gallium arsenidarsessential
chemical used in the manufacture of component dhigisare necessary for all electronics products.
Submitted on behalf of the Gallium Arsenide Indudteam (GAIT), which consists of representatives of
Anadigics, Inc. Astrium (EADS)

Avago Technologies, Ltd.

AXT, Inc.

Azur Space Solar Power GmbH

Thank you for your
comments.

Regarding your comment
on considerations of the
various arsenic species
and the performed read-
across, please see point
of the Annex to RCOM
(Additional response to
comments).
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Epic Associates

Freiberger Composite Materials
IPC

IQE plc

OSRAM

RF Micro Devices, Inc.
Rockwell-Collins

Texas Instruments, Inc.
TriQuint Semiconductor, Inc.
United Monolithic Semiconductors, GmbH
WIN Semiconductors Corp.

Gallium Arsenide
Position of the Gallium Arsenide Industry Team (GAIT) on the Opinion of the Committee for Risk Assessemt
proposing harmonized classification and labeling athe EU level for GaAs adopted 25 May 2010

Executive Summary

The Gallium Arsenide Industry Team (GAIT), basedsorentific and legal advice, submits that the @pirof May
25, 2010 of the Risk Assessment Committee on tbpgsal for the classification of Gallium ArsenidgaAs) as
Carc. Cat. 1A is not supported by the most receirnsific data. GAIT urges RAC to correct its oginion the
classification and labeling of gallium arsenidee@8fically, GAIT requests the RAC to respond to thikowing with
supporting data:

1. The most recent papers cited in the IARC morgiy(avith the exception of the NTP (2000) study)equivocally
state that the various arsenic species with therdnt valence states need to be considered agharlt is not
possible to extrapolate from one species of arsamigpound to another, without a detailed reviewhefchemistry.
Even the recent update of the IARC study on gallarsenide still ignores the most recent studieseaning the
limited toxicity of gallium arsenide. How do thes$ier authors and the RAC think that the most restendies
support their classification proposal, especialgméauchi et al (1986) and Carter et al (2003)?

2. The NTP (2000) study shows incidence of carcimigty only to female Fischer F344 rats and nantde Fischer
F344 rats, nor to mice (male or female), nor toentelmsters. Detailed studies have shown that thé &t8ain of rat
is especially sensitive to spontaneous incidend®d®@if, and that rate of incidence has steadily iasesl since the
1970s to levels that are shown in the NTP (2008)ystStudies that show evidence of MCL to only feamats of this
strain are not sufficient evidence of carcinogénici

3. The dossier authors and the RAC have not prppedounted for the effects of the Fine ParticulMsdter that was
used in the NTP (2000) study, which forms the bakthe opinion of the RAC that gallium arsenideascinogenic.
Why do the dossier authors and the RAC think thatgarticulate matter distribution is unimportantietermining
the carcinogenicity potential for gallium arseniddien Fine Particulate Matter has been scientifictidmonstrated
to cause similar effects to those in the femaleeroicthe NTP (2000) study?

4. The most recent research does not supportar leerapolation relating arsenic exposure to cagenic potential.
There is no basis for the rapporteurs’ contentiat because gallium arsenide can presumably beéboietad to
DMAV, gallium arsenide should be classified as acwgen 1A. There is also no data supporting dpporteurs’

- 156 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

contention that there is no threshold level foligal arsenide exposure or exposure to DMAV. Thelisicited by
the rapporteurs are out of date, as EPA has nongelhto using a Margin of

Exposure (MOE) process, which shows that DMAYV ighiy unlikely to be of toxicological concern at ptible
human exposures. How do the dossier authors arfdAlkthink that there is no threshold level for espre to
gallium arsenide?

5. The rapporteurs did not perform a proper “readss” process. They did not analyze the physicooted
characteristics of the analogues they chose to aerp gallium arsenide. They did not perform ahthe
subsequent steps to properly use the read-acrdbsdndat are recommended in the OECD (2007) goielan
document on the grouping of chemical substancesddiition, the papers that are being cited by éipporteurs as
evidence that gallium arsenide is carcinogenicatosnpport such a classification. The authors es¢hpapers
uniformly think that gallium arsenide is much l¢sgic than the inorganic arsenic oxide compounds tthe
rapporteurs have chosen to read-across from. Hawheadossier authors and the RAC justify “reasdsst when
they have not performed the most basic steps inett@nmended “read across” process?

6. The GAIT has worked with six toxicologists tovéep new information for consideration by the RAG@;luding
leading arsenic toxicity specialists. This new infiation does not support the dossier authors’ gegelassification
or the RAC opinion on that classification. How die dossier authors and the RAC justify their opiniwhen it is
opposite to the most recent studies by the mostlaugeable scientists on arsenic toxicity?

Part I: The RAC opinion and its basis

The RAC has adopted the opinion that gallium agseshould be classified and labelled as follows:
Classification & labelling in accordance with the @ P Regulation:

Carc. 1A - H350

Repr. 1B - H360F3

STOT RE 1 - H372,

Specific concentration limits: None

M-factors: None

Notes:None

Labelling: GHS08, GHS09; Dgr; H350May cause canceH360F May damage fertility,

H372 Causes damage to the respiratory and haematopsystiem and testes through prolonged or repeafsasare.

From the RAC Opinion:

None of the epidemiological studies of cancer eagamiconductor industry were informative with melg@ GaAs.
The dossier submitter has presented robust 105swebkélation studies in rats and mice (NTP, 200@) @ 15 weeks
intratracheal instillation study in hamster (Ohyaghal., 1988). Gallium arsenide was carcinogenlg i female
rats after inhalation. This was observed as alvBwlanchiolar adenoma or carcinoma.

The dossier submitter had proposed that galliurrade was to be classified as Carc Cat 3 (Dire@&iR/&48/EEC)
based on the animal studies. In the public consufta wish to classify gallium arsenide in agreatrie IARC
(group 1), proposing Carc Cat 1 instead of Carc3J&irective 67/548/EEC) was raised.

RAC agreed that an evaluation of carcinogenic &ffetgallium arsenide solely based on results famimal studies
is insufficient, especially since animals are lesssitive than humans to the carcinogenic effearsénic. It was
decided to include information from human studiesflts of epidemiological studies of carcinogdgiftiom
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exposure to arsenic compounds in copper smeltekfram drinking water) on arsenic compounds lisaed
carcinogens in category 1A in CLP Annex VI and gpphd-across to GaAs. A read-across approachtiefu
supported by toxicokinetic data describing the fation of similar arsenic metabolites following Ga#&gosure as
those formed following exposure to classified aisenmpounds. It was agreed that the carcinoggnidiairsenic
and arsenic compounds is of relevance to gallisarade and must be taken into account.

In conclusion, there is no human data for galliuseaide per se, but substantial documentationrefraagenicity in
humans of arsenic and arsenic compounds is availablevaluated by IARC and briefly discussed énBD.

Gallium arsenide is also carcinogenic in female &dter inhalation and would fulfil the criteriarf@arc. 2 (CLP), if
assessed overlooking carcinogenicity from arsemicasenic compounds in humans. By applying wes§lkividence
and based on read-across from other arsenic cordpdisted as carcinogen category 1A in Annex VCboP and
with reference to the IARC grouping of Arsenic adenic compounds as well as gallium arsenideanmt
(“carcinogenic to humans”), RAC recommends to éfagmllium arsenide as a Carc. 1A — H350 accordm@LP.

Summation of new information submitted by members bGAIT

1. GAIT members have expended considerable fund®tart obtaining information for submittal regard the
proposed carcinogenicity classification of galliansenide. GAIT has obtained the services of siictagists, who
are experts in the toxicology of arsenic compouart carcinogenicity (Dr. Ernst Bomhard, Dr. Garyliains, Dr.
Sam Cohen, Dr. Kirsch-Volders, Dr. H. Vasken Apashiand Dr. Michael latropoulos). The comments fthese
toxicologists are submitted separately from theséTG&omments.

2. The expert toxicologists unanimously agree thatdossier authors and the RAC have not considbeehost
recent studies involving gallium arsenide and acseompounds. The dossier authors and RAC havedrelimost
exclusively on the IARC opinion that since galliamsenide contain arsenic, and some arsenic compduave
proven to be carcinogenic, that therefore galliusenide deserves the highest carcinogenicity ifizsson. The
most recent studies show that this assumption ®yARC is wrong. Even when the IARC cited a reqeager (such
as the Carter et al, 2003 paper), the IARC didmdude the conclusions of the Carter (2003) paywhich stated that
chemical valence had to be considered when trgirgpimpare arsenic species.

GAIT members have reminded ECHA that all availabfermation must be collected and used, providés af good
quality and that when new information of good dydliecomes available, it must be used and theifitzgion
updated.

3. In their comments, GAIT members have shownttiatossier authors and the RAC did not apply teed
across” method properly. The OECD Guidance on Grmu@hemicals was not followed, even at the mostda
level. The dossier authors did not even compledestitond recommended step of evaluating the plyysoaical
characteristics of the various arsenic compoundketermine if there was any basis for “reading s&tthe toxicity
from other species to gallium arsenide. If the goiwk by the OECD had been followed, it would havieldy been
seen that it was inappropriate to read acrossat@nogenicity classification from other arsenienpmunds to
gallium arsenide.

4. GAIT members’ comments have shown that thepaties (Fischer F344) used in the dossier authost m
substantive paper (NTP, 2000)) are subject to sp@atus mononuclear cell leukemia (MCL), on the ood¢hat
found in female rats in the NTP (2000) study. Téie of spontaneous MCL occurrence has continueddcince the
introduction of this species in the early 1970snétous investigators have concluded that the i@ imappropriate
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species to be used to determine carcinogenicitg fir humans, especially for arsenic compounds 2005
workshop, participants advised the NTP to discartinsing the current F344/N strain due to the rteissnes with
fertility, seizure activity, and chylothorax (Kingerbert and Thayer (2006)).

5. GAIT members have pointed out numerous timefsthiggie are no studies that show any cancer nisizei
semiconductor industry. The IARC, the dossier atghand the RAC use the phrase “None of the epiolegical
studies of cancer in the semiconductor industryevirgiormative with regard to GaAs”, which means tha one has
ever found a link between the GaAs industry anatearOn the other hand, GAIT members have pointedeveral
studies that show no additional risk of canceridute GaAs industry. See Point #7 for a list ofdgts that show no
additional risk of cancer.

6. The dossier authors cite studies such as therGaral (2003) paper and the Yamauchi et al (1p&per several
times in their dossier, leading to the impresshat these papers support the proposed classificatigallium
arsenide as a Carcinogen 1A. In fact, the conahgsid these papers are: a. Yamauchi et al (1986he-low

solubility and poor oral absorption may make thispound [gallium arsenide] less toxic than otherganic arsenic

compounds.”

b. Carter et al (2003) — “It is concluded that oatgenic compounds or solution species in the saddation state
should be compared. Further, the arsenic compoinras exposure should be measured before use @+tesponse
and risk assessment determinations. Clearly, eheepdpers cited by the dossier authors do not stutipodossier
authors’ proposed classification.

7. GAIT members have pointed out the age and raglee of some of the exposure data used by théed@sghors.
For example in Section 2.1 “Identified Uses” of B&ckground Document, the authors cite a 1981 astiwf the
number of semiconductor manufacturing plants ankars in the US. This is indicative of

the age and irrelevance of much of the dossieftgrimation:

a. This data is 30 years old, it's from anotherntoy and it covers the entire semiconductor inqustnot the small
section of the semiconductor industry that is fecusn the manufacture of gallium arsenide products.

b. There is more updated data, both from the UStlam&U on semiconductor manufacturing. Pleas@seé et al
(2005), Bender et al (2007), Boice et al (2010)rbam et al (2010), and Nichols and Sorahan (2005).

c. Much data was presented in the Background Donupreexposure to inorganic arsenic oxides (see$38-36)
in smelters and drinking water. As pointed out iy é€xpert toxicologists who reviewed the BD and the

RAC opinion, this information is irrelevant to gatn arsenide.

8. GAIT members have pointed out the RAC'’s disntiss#he effects of subjecting test animals to Finee
Particulate Matter that was used in the NTP (2@0@Jy. Many new study reports have been listedd€feal et al
(2007), Valavanidis et al (2008), Yamashita eRal1(1).

Many studies have documented increased incidencarmfer with increased exposure to Fine ParticiMitier, and
this effect has confounded the ability to use tA€°N2000) study as any indication of increased earisk. GAIT
members have spent much time, effort, and fundetoonstrate the error in the dossier authors’ ifieaton
proposal and the RAC opinion of May 25, 2010. Whiteng statements within the latest studies oeics
toxicology, the dossier authors and the RAC igndhedfundamental conclusions of these papers -ythatannot
assume that all arsenic compounds behave similBinky.NTP (2000) study that forms the basis of ta dor the
dossier is not indicative of carcinogenicity riskitumans. The aerosol suspension of Fine ParticMatter and the
use of the Fischer F344 rats, with known spontasi@midence of Mononuclear Cell Lukemia (MCL) makies
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determination of cancer risk problematic. It mayttoa the “read across” method can be used inuted. But it will
need to be used carefully, and not indiscriminat€he OECD guidance should be carefully followedewhising the
“read across” method.

Thank you for your consideration. For any questi@arding these comments, please contact Step8asierina at
IPC (Stephanie.castorina@ipc.9r@r John Sharp at
TriQuint Semiconductorjdhn.sharp@tgs.comn

Aposhian, H. Vasken, PhD, (201Rpactions to and recommendations for modifyingBéekground document to th
Opinion proposing harmonized classification anddbibg at Community level of gallium arsenide ECRAC/CLH-
0000000792-73-03-A1 Which was adopted 25 May 20@duscript prepared by Dr. Aposhian for submis$io
ECHA/RAC on April 18, 2011.

Arnold, L.L., van Gemert, M., Eldan, M., Nyska, And Cohen, S.M. SubmitteBimethylarsinic acid: Results of
chronic toxicity/oncogenicity studies in Fischerdd3rats and B6C3F1 mice.

Beall C, Bender TJ, Cheng H, Herrick R, Kahn A, tatvs R, Sathiakumar N, Schymura M, Stewart J, €icEz
(2005)Mortality among semiconductor and storage devicewnfiacturing workersJ Occup Environ Med.
47(10):996-1014.

Bender TJ, Beall C, Cheng H, Herrick RF, Kahn ARjttlews R, Sathiakumar N, Schymura MJ, StewarQ#tzell
E. (2007)Cancer incidence among semiconductor and electrstoiage device worker€ccup Environ Med.
64(1):30-6.

Boice, John D., Jr, ScD, Marano, Donald E., P.lBd,Munro, Heather M., MS,; Chadda, Bandana K.,H/IP
Signorello, Lisa B., ScD; Tarone, Robert E., Philg dcLaughlin, Joseph K., Ph@ancer Mortality Among US
Workers Employed in Semiconductor Wafer Fabricatlmurnal of Occupational and Environmental Medigin
Vol 52 (11), November 2010, pp 1082-1097.

Carter, D. E.; Aposhian, H. V.; and Gandolfi, A.(2003),The metabolism of inorganic arsenic oxides, gallium
arsenide and arsine: a toxicological revieligxicol and Applied Pharmacol, 193, pp 309-334.

Cohen, Samuel M.; Arnold, Lora L.; Eldan, MichakWis, Ari S.; and Beck, Barbara D. (2006Y)éthylated
Arsenicals: The Implications of Metabolism and Gaogenicity Studies in Rodents to Human Risk Assass
Critical Reviews in Toxicology, Vol 36, pp 99-133.

Darnton, Andrew; Wilkinson, Sam; Miller, Brian; M@alman, Laura; Galea, Karen; Shafrir, Amy; Cherdizhn;
McElvenny, Damien; Osman, John, (201@)urther study of cancer among the current andnfr employees of
National Semiconductor (UK) Ltd., GreenottSE Books, Sudbury, Suffolk.

IARC. (2004)Some drinking-water disinfectants and contaminantduding arseniclARC Monogr Eval Carcinog
Risks Hum 84: 1-477.

IARC (2006) MonograpliCobalt in Hard Metals and Cobalt Sulfate, Galliumsénide,Indium Phosphide and
Vanadium Pentoxide’World Health Organization, International Agency Research on Cancer, Vol. 86.

IARC (2009),Special Report: Policy — A review of human carcierng— Part C: metals, arsenic, dusts, and fibres
Lancet, Vol. 10, pp 453-454.

IPC (2009), Comments on GaAs Dossier, submitted@2009.

King-Herbert A and Thayer K,(2006)NTP Workshop: Animal Models for the NTP Rodent @aBioassay: Stocks
and Strains — Should we SwitchToxicol. Path. 34, 802-805.

D

- 160 -




Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

Lancet : Oncology, Special Report; (2009, Review of Human Carcinogens — Part C: metalsgriics dusts and
fibres”, 10, 453-454.

McElvenny, D.M., Darnton, A.J., Hodgson, J.T., @tar S.D., Elliott, R.C. & Osman, J. (200B)vestigation of
cancer incidence and mortality at a Scottish semictor manufacturing facilityOccup. Med.53, 419-430
National Toxicology Program (2000pxicology and Carcinogenesis Studies of GalliuseAide (CAS No. 1303-00
0) in F344/N Rats and B6C3F1 Mice (Inhalation Sésjli

(NTP Technical Report 492), Research Triangle Fd€k, Nichols L and Sorahan T, (200%}&ncer Incidence and
Cancer Mortality in a cohort of UK semiconductornkers, 1970-2002 Occup. Med.55, 625-630.

Thomas, Johnson; Haseman, Joseph K.; Goodman,, ¥sgrd, Jerrold M.; Loughran, Jr., Thomas P.; Spéncer,
Pamela J., (200A Review of Large Granular Lymphocytic Leukemi&isther 344 Rats as an Initial Step Towarg
Evaluating the Implication of the Endpoint to Hum@ancer Risk Assessmgmbxicological Sciences, 99 (1), pp 3-
19.

U.S. EPA (1997)Health Effects Assessment Summary. Tables: FY{8®ate [HEAST]. EPA/540/R- 97/036.
U.S. EPA (2004). Integrated Risk Information Sys{@RiS). http://www.epa.gov/iris

U.S. EPA (2005)Guidelines for carcinogen risk assessméh§. Environmental Protection Agency, Washington,
http://www.epa.gov/cancerguidelines

van Gemert, M., and Eldan, M. (199@acodylic acid—A reviewof the scientific data afod@ogenicity studies in
response to the USEPA memorandum July 27,.1989¢mbourg-Pamol, Inc., Memphis, TN.

Yamashita, et al (2011yilica and titanium dioxide nanopatrticles causegmancy complications in micBlature
Nanotechnology, Advance Online Publication, 03-2pf1.

Yamauchi H, Takahashi K and Yamamura Y, (1988gtabolism and excretion of orally and intraperigaily
administered Gallium Arsenide in the Hamt&moxicology, 40, 237- 246.

C

26/04/2011

United States / Steve
Aden / Avago
Technologies Wireless
(U.S.A) Manufacturing
Inc. / Company-
Downstream user

Avago Technologies comments regarding the propokedification of gallium arsenide are includedhe attached
file; (Avago_comments_letterhead.pdf) Thank youtfe opportunity to comment on this important matt

ECHA comment: The attached document (Avago_comniettéshead.pdf) is copied below.
Greetings;

Avago Technologies is a leading designer, develapdrglobal supplier of a broad range of analogicamuctor
devices with a focus on compound IlI-V semicondudtased products. Avago Technologies is commitied t
conducting its business in an ethical, sociallpoesible and environmentally sustainable mannés.Avago
Technologies policy to responsibly manage the Gi$mpardous materials in our operations and praglactd
promote recycling or reuse of our products.

REACH applies within the European Union and theneftirectly impacts manufacturers and importerfiwithe
European Union. In practice, however, its impagiabal. The information that EU importers and nfasturers will
need to receive from their non-EU suppliers is iaduor their ability to comply with the REACH re@aments and
the continued use of these substances.

Avago Technologies is concerned with the propasah&rmonised classification labeling and packagihgallium

Thank you for your
comments.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

Response to comments
from Dr. H. Vasken
Aposhian is given earlier
in this document, in
response to comments
submitted by you on

re
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arsenide, adopted 25 May 2010. Careful review ef'Background document to the Opinion proposingruarised
classification and labelling at Community levelgaflium arsenide”, (ECHA 2010), raises serious tjoas about the
data which was chosen for inclusion as well agitita which was not included. In addition, the helance on the
use of the read across method, risks oversimpiifinaf the differences between chemical compoumts. proposed
carcinogenicity classification of 1A is one of tteictest, and should therefore be based on thé mgosous of
scientific analysis, considering all of the exigtiscientific data.

The proposed classification was justified based daesting of a non-representative species;

Dr. H. Vasken Aposhian of the Department of Molecwand Cellular Biology of the University of ArizapUSA, is
an internationally recognized expert in arseni¢doogy and metals toxicology whose bibliographglirdes over
130 published papers. Dr. Aposhian co-authoredaftbe papers referenced by the RAC in the backgiou
document to the RAC opinion. Dr. Aposhian receptigpared a critique of the background documertiadRAC
opinion; “Reactions to and recommendations for iy The Background document to the Opinion prapgs
harmonised classification and labelling at Commulgvel of gallium arsenide ECHA/RAC/CLH-0000000792-
03/A1". Dr. Aposhian’s critique has been submittedECHA, separately, on 20 April 2011. In his gyite, Dr.
Aposhian stated thatThe rat is an atypical model for how the human bog processes or metabolizes inorganic
arsenic”. Dr. Aposhian’s discussion of the problems with tise of rats continues, with citations from other
investigators in the following excerpt from histizyue;

(Beginning of excerpt from H.V. Aposhian.)

“Thus, it is surprising that the rat was used esitlely in 8 of the 11 examples on pages 8 to 1%eaftion5.1
“Toxicokinetics (absorption, metabolism, distritartiand elimination) of the Committee for Risk Assaent RAC
Annex 1, Background document to the Opinion prapg$iarmonised classification and labelling at Comityuevel
of gallium arsenide.”

As stated imArsenic in Drinking Watepublished in 1999 by the National Research Couheil).S. National
Academy of Sciences:

Page 155 “The rat also methylates inorganic arseffiiently, but a major portion of the DMA prodext is retained
in the erythrocytes (Odanaka et al. 1980; Lermaai.€983), giving rise to a slow urinary excretmiDMA anda
tissue-distribution pattern that is different from that in most other speciegVahter et al. 1984)n addition, the
rat shows an extensive biliary excretion of arsenjabout 800 and 37 times more than the dog and ralip
respectively(Klaassen 1974).”

(bold type made by present author)

Page 160In the rat, arsenic is retained in the blood congderably longer than in other speciedecause of the
accumulation of DMA in the red blood cells, appdirehound to hemoglobin (Odanaka et al. 1980; Lerad
Clarkson 1983; Vahter 1983; Vahter et al. 1984 &bcumulation of arsenic in the rat erythrocytas first reported
more than 50 years ago (Hunter et al. 1942).” (@ made by present author)

Carter et al. 2003 clearly state on Page 315-

“Human data and animal data

“It is not possible to use animal data as a modebf humans or for the rat to serve as a model for dter

laboratory animals. It was a surprise when the results from long- tammal studies did not model humans. ...... ..

21/4/2011.

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

Regarding your comment
on read-across, please s¢
point 1) of the Annex to
RCOM (Additional
response to comments).

D

)

£e

- 162 -



Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

The problem with early data from animals was that ats were usedPrevious scientific committees have stated
that they did not recommend rats for arsenic ogidposition studies.” (bold type made by presethan)

Carter et al. 2003 page 325 state that

“The 2-year exposure showed increased alveolandmiolar neoplasms in female rats. This findingriportant and
the lung appears to be acting as a point of cotdaatant for particlesUnfortunately, the rat is not recommended
for arsenic studies;only the females responded and there were no 8&her Ga species tested for comparison.”
(bold type made by present author.)”

(End of excerpt from H.V. Aposhian.)

Relevant epidemiological studies were apparently n@onsidered;

The RAC background document cites epidemiology femsenate in drinking water and diarsenic trioxXiden ores
processed in copper smelters, but fails to inchedent substantial epidemiological studies fromsia@iconductor
industry.

Section 2.1 of the RAC background document states;

"Exposure to gallium arsenide occurs predominantlyri the microelectronics industrywhere workers are
involved in the production of gallium arsenide ¢a}s, ingots and wafers, in grinding and sawingrapens, in
device fabrication, and in sandblasting and clgamativities (Harrison, 1986; Webb et al., 1984)."

At least five epidemiological studies have beerigrared in the semiconductor industry, in recentrgeéBeall et al.
2005; Bender et al. 2007; Boice et al. 2010; Darmtibal. 2010; Nichols and Sorahan 2005). Theskestwlo not
suggest increased risk of cancer due to real veoqiibsure scenarios in the semiconductor industry.

From the industry perspective, it is very diffictdtunderstand how the committee can exclude thieppological
studies which are so directly related to those ey state to have the greatest risk of exposnrgection 5.7.4, the
RAC background document appears to justify thewestah of the epidemiological studies in the semilaror
industry based on a statement from IARC, 2006;

"None of the epidemiological studies of cancehi® $emiconductor industry were informative witharebgto GaAs
(IARC, 2006)."

At least three of the recent epidemiological stsdiem the semiconductor industry could not havenbeonsidered
by IARC in 2006, since they occurred after thaed@Bender et al. 2007; Boice et al. 2010; Darmrtoal. 2010).
Similarly, two of these studies occurred after IAR@9 and therefore could not have been consider2@09,
(Boice et al. 2010; Darnton et al. 2010). Sinces¢hgtudies were also not listed in the referermethé RAC
background document, they were apparently not densd by the RAC. These epidemiological studiesftioe
semiconductor industry are therefore new infornmgtand should be considered by the RAC.

In addition to being new, the epidemiological sasdirom the semiconductor industry are clearlyvaaié, in that they
are focused on real world exposure scenarios optipulation that the RAC has stated to have thatgst risk of
exposure.

Read across was used to compare chemically dissiaticompounds;

Section 5.7.5 of ECHA's background document stdids;human data is available on carcinogenicitgalfium
arsenide. Gallium arsenide was carcinogenic in femads after inhalation. Based on these findimganimals
gallium arsenide fulfil the criteria for classifit@an as Carc. Cat. 3; R40 (Directive 67/548/EEQ]) @arc. 2 — H351
(CLP)."
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The RAC background document justifies their 1A raotendation primarily based on read across frorméarse
drinking water and diarsenic trioxide from smelters

Section 5.7.5 of ECHA's background document stdfesamples given are arsenate (arsenic acid) mkargy water
and diarsenic trioxide from ores processed in coppelters, where epidemiology demonstrates ristaater. Based
on read-across to arsenic and other arsenicals €aAdd be classified as carcinogenic categoryQla)."

While the RAC background document refers to theetaat al (2003) paper, “The metabolism of inorgaarisenic
oxides, gallium arsenide, and arsine: a toxicochehmeview”, the analysis seemingly ignores onthefkey points
from the conclusion of the same paper;

“It is concluded that only arsenic compounds oruimin species in the same oxidation state shoulcbogpared.
Further, the arsenic compounds in an exposure shbalmeasured before use in dose-response andsssissment
determinations.”

None of the chemical compounds mentioned in se&i@r of the RAC background document contain acsarthe
same oxidation state as it occurs in gallium aderit is not obvious that arsenic in a (-3) oxiolaistate would
behave comparably to the other compounds contaansenic in (+3) or (+5) oxidation states. Evesaime of the
same metabolites are observed, a chemist wouldxpact comparable dissolution rates, nor all ofstnme
intermediate compounds, nor the same quantitatstalilition of reaction products. The other compdsimentioned
in section 5.7.4 are much more chemically simiteeach other, than they are to gallium arsenides &ktrapolation
casts doubt on the use of read across for gallnsenée.

Summary;

Avago Technologies appreciates the opportunityoraroent on this important matter. We understandttieat
committee for risk assessment does not performanananalysis during the classification process ttot our
purpose to discuss the economic analysis in thisnoent.

Gallium arsenide is a highly specialized human nradeerial with unique properties which have enalled
extraordinary array of useful technologies. WHile tmaterial is specialized and used in relativietjtéd quantities,
its application is ubiquitous and has enabled fuomelstal changes in wireless communications and gredfigient
LED lighting. These are not economic issues whiofpl/ favor some companies over others. The teduies
enabled by gallium arsenide have already changeddeople live and communicate and offer great pakfor
further strides in energy efficiency. The classifion should certainly be based on scientific adesitions, but it is
important to simultaneously understand the gravitst hasty or unjustified classification. An inaecet classification
of gallium arsenide would impose an unnecessargdruon a key industry which continues to enabl@adements
in wireless communication and energy conservation.

Avago Technologies urges the committee to reconsideheavy reliance on the use of data from FiE3dd/N rats,
which are known to have problems, and to constieepidemiological studies from the semiconductdustry,
which are directly relevant to the proposed clasaion. In addition, the use of read across saaappropriate to
classify gallium arsenide when the arsenic coretitwf this compound exists in an oxidation stalbéctvis
completely dissimilar to all of the compounds ie tomparison group. We encourage the committelate greater
weight on the full set of available scientific datad avoid the risk of oversimplification whichiigerent in the use
of read across for chemically dissimilar compounds.

Sincerely,
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James S. Aden
Materials Scientist Avago Technologies,
Wireless Semiconductor Division
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26/04/2011

United States / John
Sharp / TriQuint
Semiconductor Inc. /
Company-Manufacturer

In Article 5 of the CLP Regulation regarding themdfication and examination of available inforneation
substances, it is stated: "The information shdditecto the forms or physical states in which thiessance is placed o
the market and in which it can reasonably be exuketdt be used.”

The animal testing that was used in the studieslciNTP, (2000) - used Fine Particulate Mattehwait MMAD of
0.8 micron. Other studies - Yamauchi (1986), W984), Webb (1987) - also used Fine Particutatas of

Thank you for your
ncomment.

For all dossiers being
considered in the
harmonised classification

gallium arsenide. This form of gallium arsenidelisarly not representative of the form that tisgtlaced on the

and labelling process, an
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market, and in which it can reasonably be expeittdgt used. Therefore, the NTP (2000) study isappticable to | relevant information from
any carcinogenicity and reproductive toxicity redsessment, as pointed out by TriQuint and otherernments registration dossiers and
already submitted to ECHA. other available
information may be used
Thank you for your time and consideration. (Regulation
John Sharp N0.1272/2008; Annex VI,
Part 2).
27/04/2011 | Germany / Birgit Miller ECHA comment: The same information as in the attestt 2011 04 27 Dr Bomhard and Dr Williams - On €aA | Please see response to
|/ Freiberger Compound| Toxicology.pdf was submitted already on 21/4/2@14 document: 2011_04_21 Dr Bomhard et al — On §aA your comments submitteq
Materials GmbH / Toxicology.pdf) on 21/04/2011.
Company-
Manufacturer
27/04/2011 | Germany / Birgit Miller ECHA comment:; The attached document (2011_04 ZBdben - Evaluation of the potential carcinogenicify Thank you for your

|/ Freiberger Compound
Materials GmbH /
Company-
Manufacturer

gallium arsenide.pdf) is copied below.

Expert Opinion Evaluation of the Potential Carcianigity of Gallium Arsenide
Samuel M. Cohen, M.D., Ph.D.

Department of Pathology and Microbiology UniversifyNebraska Medical Center
983135 Nebraska Medical Center Omaha, NE 68198-3135

INTRODUCTION

In the review by the RAC of the Gallium Arseniderhlanized Classification, a conclusion was reacheddssify it
as Class la carcinogen. | have been asked to cotrundhe scientific basis for such a classificatiased on my
knowledge and experience in arsenic toxicology @ardinogenesis research over the past 15 yearslsmthased on
my experience in general in carcinogenesis, togmyklnd pathology research over the past moredbgmars. |
have also been trained as a pathologist in humalicine, and continue practicing as an active baesearcher and
also as a surgical pathologist. Thus, | am awathepathologic entities involved in the discussidigallium
arsenide as well as arsenical toxicity and carandgty in general.

It appears that the RAC based much of its integpigat on its classification on the Internationalefsgy for Research
on Cancer (IARC) assessment that gallium arsesidarcinogenic to humans (Group I) (IARC, 2006)e TARC
based its conclusions primarily on the resultsroirdnalation two-year bioassay in rats and mickzirtg gallium
arsenide by the National Toxicology Program (NTBQ® and also on the consideration of gallium adsen
representing an arsenical, in general, and thexefan be classified on the basis of known humagireagenicity of
inorganic arsenic. There are significant limitaido the NTP study, but there are extensive séientiasons why the
information known about inorganic arsenic in gehshauld not be applied to gallium arsenide. Thisart is an

attempt to provide a rational basis for interpiietabf gallium arsenide not only in the NTP stubyt in its

comments.

Assessment of the hazar
properties of GaAs as a
substance and risk
assessment from exposu
related to usage of GaAs
in the microelectronic
industry are different
things.

RAC agrees with IND
who claims that the
spontaneous incidence o
mononuclear-cell
leukemia (MCL)8 in
Fischer F344 rats is so
high that this effect
should be disregarded.
Please see the opinion (g
1 December 2011).

We also agree with IND
that due to irrelevance to
humans the findings of

re

f

=

8 synonyme LGLL (Large Granular Lymphocyte Leukemia)
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relationship to inorganic arsenic in general.

NTP INHALATION STUDY

Gallium arsenide was tested by the NTP in a two ydlation study for possible carcinogenicity (R'T2000). The
study was performed in B6C3F1 mice and in F344 waith exposures at 0, 0.01, 0.1, and 1.0 mg/mi3)es well as
0.1, 0.5 and 1.0 mg/m3 (mice). In both sexes dfi lspecies there were inflammatory changes in thg. [ihe
animals were exposed to gallium arsenide by intwedabut neither the male or female mice showedengence of
an increase incidence of tumors in any organ. &ntyilthe male rat showed no increased incidendernbrs, but the
female rat showed an increased incidence of cetttaiors. Statistically significant increases wezersin lung
adenomas, adrenal pheochromocytomas, and in spfemonuclear cell leukemia. The incidences of timg |
adenomas were 0, 0, 2, and 7 of 50 female ratsrasbatied 0, 0.01, 0.1, and 1.0 mg/m3, respectivetidences of
lung adenocarcinomas in these same groups were20ad 3, respectively. For adrenal pheochronomagts, the
incidences were 4, 5, 6, and 13, respectively,fanthe mononuclear cell leukemia the incidencesv2, 21, 18,
and 33, respectively. For each of these targes,statistical significance was only found at tighkst dose. Based
on the results of this study, the NTP concluded ttiere was evidence of carcinogenicity in femaks,rbut no
evidence of carcinogenicity in male rats or in n@éemale mice. A closer look at these resultécatg that the only
tumor finding that is of potential concern is thed adenomas and adenocarcinomas. Mononucledeaedimia in
the F344 rat appears to be a species and evesiragtecific lesion. It occurs at extremely higbidences, with
historical

3 controls occasionally being higher than 50 per@@aldwell, 1999; Dinse et al., 2010). It is adtyane of the
major reasons why the NTP has recently discontimsedof the F344 rat as its test model straingsinicas a
significant effect on survival of the rats, alsdw€Tincidence at the highest dose in the femalessatesed to gallium
arsenide was statistically significant at p < 0l@bwever, Dr. Joe Haseman (1990) of the Nationaidaogy
Program has written extensively about the statisBealuation of commonly occurring tumors in thegmssays. He
concluded that for common tumors, and certainly omuclear cell leukemia is a very common tumor mf344 rat,
statistical significance should be at a level &f .01 rather than 0.05 to avoid false positiveriptetations.
Furthermore, many scientists do not regard thistesf significance with respect to humans (Caldwi99). For an
interpretation of gallium arsenide carcinogendsisresults for this tumor should not be furthersidered. Adrenal
pheochromocytomas are also a common tumor in thd F& (Greim et al., 2009). These are nearly abAmgnign,
and there is considerable evidence that these dioave any predicative value for potential humatticagenesis,
either for the adrenal specifically or for carcieog risk in general. Therefore, these lesions steld not be furthe
considered in the risk assessment of gallium agserarcinogenicity. The tumors in the lung neelde@laced in
proper perspective in assessing a potential riskitbans. This is particularly important becauseganic arsenic is
known to increase tumors in humans at specificetasijes, including the lung. To begin with, it sltbbe noted that
the only statistically increased incidence wasattighest dose, and only for benign tumors, adasom
Furthermore, nearly all of the animals had inflantonachanges in the lungs. It should be notedghdium arsenide
by inhalation in these studies led to depositiogalfium arsenide particles in the lungs of thasenals, and
apparently it is these particles that gave rista¢anflammatory response (Watson and Valberg, 1896, 2000).
This is similar to a number of other substancestedl to particulate matter, such as asbestos kewhsjWatson and
Valberg, 1996). For both of these instances witipeet to the lung, tumors in animal models as aglh humans
only occur at extremely high doses, exposures athwthere is not only an inflammatory response,thate is

benign
pheochromocytoma of th
adrenal medulla should b
disregarded when
assessing carcinogenicity
with reference to Greim g
al. (2009). Please see thg
opinion (of 1 December
2011).
IND claim that the only
statistically increased
incidence was at the
highest dose and only for
benign tumours? This is
the case, but it was also
seen at 0.1 mg/m3, see
NTP (2000): "Compared
to the chamber controls,
the incidences of
alveolar/bronchiolar
adenoma,
alveolar/bronchiolar
carcinoma, and
alveolar/bronchiolar
adenoma or carcinoma
(combined) were
significantly increased in
females exposed to 1
mg/m3 and exceeded the
historical control ranges
r for 2-year inhalation
studies (Tables 13, B3,
and B4a). The incidence
of alveolar/bronchiolar
adenoma or carcinoma
(combined) in 0.1 mg/m3
females was increased
and exceeded the
historical control range.

D

D

—
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evidence of fibrosis (Colby et al., 1995). Thignicontrast to the types of lung tumors secondamrsenic exposure,
whether from drinking water or by inhalation fronining exposures. There is not an associated inflatorg change
and certainly not fibrosis. In these animal modedsether rats or mice or even hamsters, therelisse association
between these inflammatory changes and the ultidetelopment of tumors. Thus,

it is highly unlikely that the tumors that were gée the female rat lung were related to the gallarsenide itself, bu
rather were secondary to the inflammation that prasluced by the deposition of particulate mattechSdeposition
of particulate matter is not known to occur in hmsiaxposed to environmental levels of gallium adssrincluding
in the semiconductor industry (IARC, 2006).

A further complication in interpreting rodent lutignors with respect to potential risk to humanthérodent lung
cancer model itself. In rodents, the pathogenddisng tumors involves a sequence of events beg@gmiith
increased cell proliferation, as evidenced by &neiase in DNA replication measured by various lalgahdexes,
such as bromodeoxyuridine (BrdU), eventually legdmthe development of pulmonary hyperplasia, ades, and
carcinomas.

This sequence of events does not occur in humaoiby(@t al., 1995). There is no such entity asng ladenoma in
humans. Furthermore, in the rodent, most tumosg &ni the periphery of the lung, presumably fromtihonchioles.
In contrast, most lung tumors in humans arise fioenbronchi, and only infrequently from the periggidoronchioles.
Even when they do arise from the peripheral brasiekithey do not go through the sequence of hyasigpbnd
adenomas, but go from a histologically appearingnab lung (or with emphysema) directly to adenocanmas.
There is no hyperplasia or adenoma intermediates,Thased on this analysis, there is essentialgvidence of a
tumorigenic response in either rats or mice thdtrisctly relevant to human exposure to galliuneaige. In this
analysis, assessment as Class la is inappropoiat@fium arsenide based on the animal data. Eurtore, there is
extensive epidemiologic evidence regarding the ldgweent of tumors in workers exposed to galliuneaide in the
semiconductor industry, not only with respect toguancer but also with respect to tumors in gériBezll et al.,
2005; Bender et al., 2007; Boice et al., 2010; Rarret al., 2010; Nichols and Sorahan, 2005). Then® evidence
of an increased incidence of lung tumors or otherars in such workers. In the animal studies artiérhuman
epidemiology, there is no basis for classifyindigal arsenide as a carcinogen.

INORGANIC VS. ORGANIC ARSENICALS

The other issue, therefore, that needs to be cemesids the conclusion by IARC and subsequentlthbyRAC that
gallium arsenide should be considered as parteobtterall exposure to inorganic arsenic in genarad, therefore it
should be classified as a human carcinogen bas#tedmown human carcinogenicity of inorganic aisenhis
represented a gross distortion of the IARC critéareevaluation of substances for potential cargemacity, and
consequently, it is inappropriate for the RAC tsoafollow this same rationale. There are

several scientific reasons why gallium arsenidaukhnot be considered as part of inorganic arsengeneral.
Inorganic arsenic is a known human carcinogen,dimdutumors of the skin, urinary bladder, and lusugg possibly a
few other tissues such as kidney and liver (NR©120The evidence for this is based primarily opasure to
inorganic arsenic in the drinking water, but issdl@sed on occupational mining exposures with egpdung
cancer, and also with respect to exposures towsaosenicals used as pharmaceuticals leading @wethelopment of

skin cancer. However, these exposures are relatiadtganic arsenic in the form of arsenite andfgenate, and

Regarding your comments
on carcinogenicity from
inflammation caused by
fine particulate matter-,
please see point 3) of the
Annex to RCOM
(Additional response to
comments).

You state that there is no
such entity as a lung
adenoma in humans. RA
considers that the
mechanisms proposed fg
particle induced lung
tumourigenesis in animals
are relevant also for
humans. Although, there
may be differences in the
particle induced
pulmonary tumour
biology, lung tumours in
experimental animals
should be considered
predictive for cancer
potential in humans if
there are not definitive
data showing otherwise.

(@)

=

In human studies,
workplace exposures to
certain poorly soluble
particles including quartz
have been associated with
increased incidences of
lung cancer and IARC
considers there to be
sufficient evidence in
humans for the
carcinogenicity of inhaled
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possibly arsenic trioxide. It is inappropriate nolude other arsenicals with these.

Humans are exposed to arsenic not only as inorgasenic in the form of arsenate or arsenite, lsat ia various
organic forms (NRC, 2001). These include the modb;,and trimethylated related forms, certain aoseigars, and
arsenobetaine and arsenocholine. Arsenobetainaraadocholine are present at relatively high lewelgarious
seafoods, and arsenosugars are also occasionadignirin seafood, not only shellfish and other tigaaimals, but
also in seaweed. These forms of arsenic are ptinarihe food supply rather than in drinking watand certainly do
not appear in an occupational setting. There isvidence that these forms are toxic to animale dwuimans, and
there is no evidence relating food consumptionreéricals to a carcinogenic effect. These orgamin$ of arsenic
are not metabolized to any great extent. Indivisexiposed to high levels of of arsenobeatine, actmiine and
arsenosugars, however, are known to have incréageld of dimethylarsinic (DMA) in their urine (sbelow). An
assessment of the potential contribution of gallansenide to human cancer risk from inorganic acseguires
examination of the exposure, metabolism, toxicalise and interspecies differences.

Although most environmental inorganic arsenic exped$or humans is in the form of arsenate, soméremwental
exposure to inorganic arsenic is in the form oéaitg. In evaluating arsenic carcinogenicity, wietinom inorganic
or organic sources, the metabolism of these congmwuoaeds to be considered. Inorganic arsenic igectad to
organic, methylated arsenicals in mammalian specigdving a sequence of reduction from the perlanaform to
the trivalent form, followed by oxidative methylati (Aposhian, 1997; Healy et al., 1998; Vahter, 9% his is
repeated for the mono- and dimethyl forms withdakientual production of trimethyl arsenic. There @ssiderable
differences quantitatively in this metabolic pativieetween mammalian species, but qualitatively the same.
There are also significant quantitative differenisesveen species with respect to the kineticsotlg exposure to
these compounds, which is due to a combinationaafvailability, metabolism, as well as other infiees on
kinetics, such as cell transport, binding to vasioallular constituents and excretion patterns.

Before the last decade, there was no evidenceiimsumodels demonstrating the carcinogenicity of arsenicals,
whether inorganic or organic (Tokar et al., 20H)wever, within the last decade, models have begrldped
which clearly show that the mouse and rat are gibde to the carcinogenic effects of arsenic. thermouse, Dr.
Michael Waalkes of the National Cancer Institutendastrated that administration of inorganic arsémimice
transplacentally followed by oral administratiortie pups induces various types of tumors (Tokat.e2010). In
rats, DMA has been shown to be carcinogenic towsdirinary bladder (Arnold et al., 2006; Wei ef 2002). There
is also some evidence in mouse skin that therg@atentially cocarcinogenic effect of inorganiceare (Rossman et
al., 2004). Differences in the carcinogenic effadtthe various forms of arsenic in the differepésies can now be
clearly demonstrated to be due to differencesrnetits following administration by various routeshe various
species. This also is related to the lower sudoiiptiin rodents compared to humans. The kinetisib for species
differences was also the conclusion of a Sciencasbdy Board of the United States Environmentalt&etion
Agency, published in 2007. Arsenate is rapidly @ted in all mammalian species by reduction torarsgeeither
within the gastrointestinal tract or by a variefyeazymes within the organism once it is absorlethfthe
gastrointestinal tract (Aposhian, 1997; Herbellet2902). Arsenite is then rapidly methylatedte tiver to the
mono- and dimethyl forms monomethylarsonic acid (M¥XJ as well as DMAV (Aposhian, 1997; Radabaughlet a
2002)). In rats, a significant proportion, approately 20%, is further methylated to trimethylarsmede (TMAO).

TMAO is produced at much lower levels in mice. lmfans under usual exposures, including high laaelse

silica in the form of
guartz. RAC considers
that the mechanisms
proposed for particle
induced lung
tumourigenesis in animal
are relevant also for
humans. Although, there
may be differences in the
particle induced
pulmonary tumour
biology, lung tumours in
experimental animals
should be considered
predictive for cancer
potential in humans if
there are not definitive
data showing otherwise.

Regarding your comment
on occupational
epidemiological studies
please see response to
Germany / Christian
Eckert / ZVEI / Industry

or trade association in the

beginning of this
document.

Response on comments
on page 167 on DMA in
urine from individuals
exposed to arsenobetaing
etc.: DMA(V) levels in
urine is known to be
elevated due to seafood
consumption. High levels
of DMA(V) may induce
cancer in rodents possibl
through the formation of

Y

DMA(III). To what extent

- 169 -



Date

Country/ Person/
Organisation/
MSCA

Comment

RAC response

drinking water, TMAO is not detectable in the ur{h& et al., 2003; Cohen et al., 2006). It can drdydetected in
individuals who are exposed to enormous amounitsoofjanic arsenic, usually involving acute poisgnapisodes or
exceedingly high levels in the drinking water (3dm). Furthermore, in rodents, there appears tdierage
compartment for arsenic that does not occur in msmia the rat, this is the red blood cell andus tb the trivalent
form of DMA (dimethylarsinous acid, DMAIII) bindingovalently to hemoglobin (Aposhian, 1997). Thisding to
hemoglobin does not occur in other species, inolydiumans. The basis for the rat specificity of fftienomenon
has been determined to be related to the presdrectae sulfhydryl group in one of the chains aff hemoglobin
which binds the trivalent form of DMA (Lu et al.0@4; 2007). This is stored in the red blood cetiluhe red blood
cell dies several weeks later. Nevertheless, censiidle DMA is not bound and is excreted in theaufiou et al.,
2003; Cohen et al., 2002).

In the mouse, the storage compartment appearsttebaitochondria of the urothelium of the loweinary tract
(Suzuki et al., 2008b). This is present as thalkent form of inorganic arsenic, arsenite. Wha hiound to in the cel
is not known. This is specific to the mouse andiltssn the accumulation of intramitochondrial insion in the
urothelium, especially the superficial, fully difémtiated cells. Further complicating the kineti€¢srsenic between
species are differences in their cellular transpottie different species (Dopp et al., 2010). @liethe pentavalent
forms of arsenic are difficult to transport acroef membranes, whereas the trivalent forms aréilsemansported. In
addition, there are significant differences betwsgecies in the particular cell types and theilitghid transport the
various trivalent forms of arsenic. Biological cegsences of arsenic exposure are due to the itiarad the
arsenical with sulthydryl groups of the cell, whetlglutathione or sulfhydryl groups of proteins @8hian, 1997). At
extremely high exposure levels, there can be aetieplof glutathione in cells of certain tissuesor®limportantly,
there are marked variations between species iavthability of free sulfhydryl groups of specificoteins which
bind the trivalent arsenicals. This partially expsathe different tissue distributions of toxicépd carcinogenicity in
the various species. An example is the binding Al to rat hemoglobin described above. Anotheample is the
binding of arsenite to the mouse estrogen receptuch has a free sulfhydryl group. It does notdhio rat or human
estrogen receptor, which do not have this freehgdHyl group with which to bind (Kitchin and Walkac2008a;
2005). This at least potentially explains the tésdistribution of targets for arsenic carcinogen@sithe mouse,
including liver, uterus and adrenal.

GALLIUM ARSENIDE

Gallium arsenide does not appear to be bioavailabdey great extent, whether consumed by oral midtration,
intraperitoneal administration or by administrattbrough the airways, either by inhalation or biyatracheal
administration (Rosner and Carter, 1987; Yamauchl.e1986). This most likely explains the lackcafcinogenic
effect of gallium arsenide in rodents beyond theniaibtration site, the airways. The fact that tlneg tumors in rats
develop as a consequence of an inflammatory reastoondary to the deposition of particles, rathen to the
chemical reactivity of gallium arsenide, is alsostnikely related to this phenomenon. Limited biagability in
humans to gallium arsenide has also been asseéapth(chi et al., 1989; Morton and Mason, 2006; Hyvanal.,
2002). There is very limited evidence that anyhaf arsenic in gallium arsenide is actually absodretiexcreted.
There has been some evidence that workers in thieseductor industry have a slightly increased leféedMA
excreted in the urine compared to non-worker cdsiffdorton and Mason, 2006), although these studles

this may occur also in
humans at relevant
exposure levels is uncleay.

=)

Seafood may contain hig
levels non-toxic
organoarsenics such as
arsenobetaine,
arsenocholine, and
arsenosugar. Only a small
percentage of the arsenig
in seafood is in the form
of inorganic arsenic. High
levels of As in urine has
been shown to be causeq
by seafood consumption.
The increased amount of
total As metabolites by
seafood ingestion is
considered to be mostly
unmetabolised
organoarsenicals and
DMA(V). Inorganic As,
arsenite and arsenate, and
MMA(V) are detected
only at a limited level.

—

The Tokar paper (Tokar e
al., 2010) is discussed in
the opinion (of 1
December 2011).

You claim that increased
level of DMA in the urine
in workers could have
been confounded by
cigarette smoking and/or
intake of seafood. The
semiconductor workers
had been advised to
refrain from eating fish
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confounding factors (see below) and are not remibtkiin other studies (Hwang et al., 2002). In lams) most
inorganic arsenic is excreted in the urine as DM#h much lower levels of MMA or inorganic arserfsposhian,
1997; Cohen et al., 2006). However, interpretatibthese findings is complicated by significant fmmding factors.
To begin with, such an elevation was observed Iy ariew of the exposed workers (Morton and Magi)6).
Furthermore, in these studies, there has beenmtootdor cigarette smoking, which is known to sigrantly
increase the excretion of various arsenicals, ézsibhe®DMA, in the urine. Furthermore, individualshe consume
large amounts of seafood also excrete increasetsle? DMA in the urine compared to when they aseeating
seafood (Wei et al., 2003; Farmer and Johnson,;198@rich-Ramm et al., 2002; Borak and Hosgood 720
Although the seafood contains primarily forms afeanic that appear not to be metabolized, therertimless is an
increase of the amount of DMA excreted in the ursuggesting that at least some of the organicerals present in
seafood can be converted to DMA. There has not beetnol of the dietary exposure of the workerghie excretion
studies of individuals in the semiconductor industthus, although a few individuals have been fotmbave
increased levels of DMA in the urine in an occupadil setting, it is unknown whether it is actuallye to the
occupational setting or whether it is secondarmgigarette smoking and/or exposure to seafood.dsdlanalyses, it
would appear that exposure to gallium arsenide doemcrease exposure to potentially carcinogéorins of
arsenic, such as arsenate or arsenite.

MODE OF ACTION OF INORGANIC ARSENIC CARCINOGENESIS

To further evaluate the possibility of gallium ar&ke contributing to the carcinogenic inorganiceais pool, an
understanding of mechanism of action of arsenicinagenesis is also required in addition to thes@®eration of the
guantitative aspects of metabolism and kineticsrilesd above.

For the various forms of arsenic, whether inorgamimethylated organic forms, the evidence strosglygests that
the mode of action of arsenic-induced cancer isgenmotoxic (Kitchin and Wallace, 2008b; Nesnowlgt2002;
Cohen et al., 2007). Gallium arsenide is nongernotoxthe Ames assay in vitro and mouse micronwtest in vivo
(NTP, 2000; Zeiger et al., 1992; IARC, 2006) Cosdle evidence demonstrating the lack of DNA redigtiras been
demonstrated by Nesnow and his colleagues at thER/S(Nesnow et al., 2002). This is based on aideration of
the chemistry of the various forms of arsenic all asexperimental evaluations. There have beeortepf positive
findings in various genotoxicity of assays, busitnlikely that these actually represent a digestotoxic effect of the
arsenical (Kitchin and Wallace, 2008b; Cohen ¢t28106; 2007). More likely, it is a consequencé¢hef cytotoxicity
that is produced in the assays. These positivénijzchave only been found in vitro, not in vivodahey occur only
at extremely high concentrations which are knowhedethal to the cell type being utilized. Simjaconsiderable
evidence has evolved over the past decade suggdistinarsenic produces its toxic and carcinogefiects by
oxidative damage (NRC, 2001; Tokar et al., 201thteg 2002). However, again, these findings areatetnable
only in vitro, and at concentrations that are letbdhe cells. Oxidative damage has not been dstraisle at lower
concentrations in vitro which do not kill the cel@o-administration of various antioxidants in vivas little or no
effect on the biological effects of arsenic adninaison (Wei et al., 2005; Suzuki et al., 2009)ughit is unlikely that
oxidative damage is the mode of action by whicleicsinduces cancer, at most contributing a snidte This was
also the conclusion of the above-mentioned SABheyUS EPA.

prior to collecting the
sample. The semi-
conductor workers
showed higher levels of
DMA in their urine and
slightly higher levels of
arsenite and arsenate in
their urine samples than
both the fish eating and
the non-fish eating contrg
(unexposed) groups.
Inorganic arsenic specig
were only observed in
samples from

nine smokers within the
non-fish consuming
group. No inorganic
arsenic species were
detected in the urine
samples of
non-smokers. However,
it is not known whether
the

semi-conductor workers
smoked, so it is not
possible to say

whether the results are
directly as a result of
occupational exposure.

Regarding your comment
on genotoxicity and modeg
of action for
carcinogenicity, please
see point 2) of the Annex
to RCOM (Additional
response to comments).
This also applies to
consideration of a
possible threshold for

1Y
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The more likely mode of action for arsenic carcienigity appears to be cytotoxicity with consequegenerate
proliferation (Cohen et al., 2001; 2006; 2007).STiés been best demonstrated for the urinary biaddealso in the
skin there is considerable evidence for this mddecton and some evidence for it occurring inlineg. DMA
induces bladder cancer in rats administered exisehigh concentrations in the diet or drinking wagarnold et al.,
2006; Wei et al., 2002). The mode of action haarbfebeen shown to be due to metabolism of the DMA\s
highly reactive trivalent form, DMAIII, which is exeted in high concentrations in the urine (Cohteal.e2001;
2006; 2007). The urinary concentrations at theinagenic dose are sufficient to induce cytotoxieitigh consequent
regenerative proliferation, hyperplasia, and evalhtwa low incidence of urinary bladder tumors (€ntet al., 2002;
2006; 2007; Nascimento et al., 2008). Cytotoxittpbserved at dietary exposures of 10 ppm, whdrgaarplasia is
not detectable until 40 ppm and tumors occur atdf}@. A dose of 2 ppm appears to be a no effeel.léhe urinary
concentration of DMAIII, the reactive form of arsethat is produced by exposure to DMAV, is congiddy higher
in the urine than concentrations which have beenothstrated to be cytotoxic to urothelial cells itmoz The
concentration is sufficiently high in the rats egpd to DMAV at exposures of 10 ppm and above, wharhelates
with the observed cytotoxicity. At 2 ppm of the ti@here there is no effect on the urothelium,léwvel of DMAIII

in the urine is not detectable (< .0M). There is a clear threshold for this processirilar mode of action and dos
response holds in rodents for inorganic arsenieifiiLet al., 2010; Yokohira et al., 2010; Tokaakt 2010). There
are many other examples in the bladder as wetl athier tissues where cytotoxicity is a threshdldrnmmenon. The
threshold is related to generation of adequatddenfeghe trivalent form of arsenic to be excreitethe urine at
concentrations sufficient to produce the cytotdyidexposure to levels lower than this will not guze cytotoxicity
and will not lead to the development of tumors.

There is also evidence in humans that urothelitoyicity is the mode of action for arsenic caogenesis. This is
based on a recent occupational accident that amtimrChina leading to high exposures of inorgangenic (Xu et
al., 2008). A significant portion of these indivads had detectable levels of TMAO in their urimgicating that at
extremely high exposures humans are capable ofytaétig arsenic to the level of the trimethyl forbut this does
not occur at lower exposure levels since TMAO idetactable, even utilizing radioactively labelledemic. In
addition, approximately 1/3 of the individuals espd to these high levels of arsenic in this acc¢idereloped
hematuria, definitive evidence of urothelial tokyciln individuals that did not die from this aceiat, the hematuria
and other toxic effects of this acute exposure weversible and the individuals returned to norrial. skin, the
evidence for cytotoxicity and regenerative probiion is based on findings in humans. The precuesion for
cancers in humans induced by arsenic exposurtegan that has been referred to as arseniasiseniaosis
(Wooden, 2002). This skin lesion consists of hyfaip and hyperkeratosis of the epidermis withraic
inflammatory infiltrate in the dermis. The lesiovoéves, cellular nuclear atypia gradually develapgntually in
some individuals becoming carcinoma in situ anchtualy invasive squamous cell carcinoma. Sincansenical by
itself has been shown to induce skin cancer in migats, there is no adequate animal model yetadla to evaluate
this. It should be noted that there is a clearsbfasiurothelium and skin to be target tissuesafsenic. The
urothelium is a target based on the excretion andentration of arsenic in the urine following osalinhalation
exposures. The skin is most likely a target, natloee of direct dermal contact, but rather becatifee exceedingly
high concentration of sulfhydryl groups presenthia epidermis.

In the lung, the evidence is not as strong eithemimal models or in humans. In animal modelsdiffeculty is that
there has yet to be much evidence that arsenicé@sdung tumors, and in addition, the limited eniceavailable is

D

carcinogenicity.
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based on a sequence of events that does notexishians, as described above. In humans, receatgrjailogic
evidence indicates that exposure to high concéotr@bf inorganic arsenic in the drinking wateruadly increases
the risk of pulmonary toxicity (Parvez et al., 2D1Burthermore, in vitro studies utilizing humambchial epithelial
cells demonstrate that these epithelial cells arguaceptible to the cytotoxic concentrationsivlent arsenicals as
are urothelial cells or keratinocytes (Arnold et 2011; Styblo et al., 2000; 2006). For all thepéhelial cell types,
cytotoxicity occurs for arsenite at concentratiohapproximately 1-3M and to arsenate at concentrations of 10-5
uM. Toxicity produced by arsenate has been thougbetdue to its rapid conversion to arsenite, eielvidence for
this is not strong. The trivalent methylated arselsi are somewhat more toxic than arsenite torbthelial cells,
bronchial epithelial cells, or keratinocytes inr@itMMAIIl and DMAIII are cytotoxic at concentratis of
approximately 0.1-0.gM. In contrast, the pentavalent methylated arsémitave little cytotoxic potential, generally|
producing cytotoxicity only at millimolar concenti@ns, concentrations which are unattainable imviv

HUMAN RISK ASSESSMENT

Consideration of the mode of action for arseniadretl carcinogenesis is critical for risk assessrtettis to be
performed on gallium arsenide. Linear extrapolatioplies a greater risk at low concentrations tharon-linear,
especially threshold type of mode of action. Thiy dasis for linear extrapolation to low dose far@nogenesis
would involve DNA reactivity.

This has clearly been excluded for all arsenictheis, the dose response for arsenic carcinogeisasis-linear.
Evidence from the animal models clearly demonstrties. Interestingly, regardless of the model,enticrats, or
even based on in vitro evaluations and extensmitisetin vivo situation, the no effect level (NOER)rodents
appears to be 1 ppm of arsenic in either the didtiaking water (Cohen et al., 2006; 2007; Tokiaale 2010; Gentry
et al., 2010). This translates to approximatelyghih of inorganic arsenic and 2 ppm of organic racsds.

Evidence for a threshold effect in humans has loeairoversial. Based on the initial review of tioaithwest
Taiwanese data, the population most extensiveljuated for carcinogenesis, it was thought thatetkteapolation
could be linear down to low doses (NRC, 2001). Hais been the basis for the risk assessment hySHePA for
utilizing 10 ppb as a safe level in drinking watdowever, reanalysis of the Taiwanese data takitgdonsideration
the effect of township as well as other factorsadly demonstrates that there is an apparent rotdéivel in humans
with respect to bladder cancer (Lamm et al., 2006at level appears to be 150 ppb in the drinkiadgew
considerably higher than drinking water suppliethm United States, and much higher than thoseatlegpresent in
Europe (where drinking water supplies are well bel® ppb). Furthermore, other epidemiologic invgeions have
demonstrated a carcinogenic effect not only ofuttieary bladder but in the skin and lung at levbb are extremely
high compared to usual exposures in most of thédwespecially in the United States and in Eurdpgese include
epidemiologic studies in various populations intheted States, where there is no evidence of acrgase in any
type of cancer secondary to exposure to arsenimifet al., 2004; Mink et al., 2008; Schoen et2004; Tapio and
Grosche, 2006; Brown and Ross, 2002).

Levels of inorganic arsenic in the drinking watethe United States, generally are below the 1Q peéarly always
below 50 ppb, and even in locales where the leval® been as high as 100 ppb there is no eviddrazeincreased
risk of bladder cancer. The results of epidemialagvestigations of populations exposed to low lgeé arsenic in
the drinking water have uniformly shown no increhsancer risk. A meta-analysis also supports addekcancer
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effect at low exposures (Mink et al., 2008).

SUMMARY

In summary, it is inappropriate to classify galliamsenide as a Class la carcinogen for severaingas

1. Gallium arsenide is not soluable in aqueoustiszlland has low bioavailability.

2. Gallium arsenide shows little evidence of tayigixcept at extremely high concentrations in ré@speriments.
3. Gallium arsenide was negative for carcinogeyicitmale and female mice and in male rats, anduim®r findings
in the female rat are not relevant to human risk.

4. Gallium arsenide is non-genotoxic in vitro andrivo.

5. Mode of action for inorganic arsenic carcinogesn@volves a non-linear dose response, mostliketolving a
threshold.

6. It is inappropriate to include gallium arsenide consideration of inorganic arsenic carcinogenkecause of the
significant differences of bioavailability, metalswh and kinetics between various forms of arsenic.

7. Epidemiology studies in workers in the semicanduindustry show no evidence of an increasedafstancer of
any tissue, even those that are known targetfeitésorganic carcinogenesis in humans.
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Omaha, April 26, 2011
(signed)
(Samuel M. Cohen M.D., Ph.D.)
27/04/2011 | Unites States / AXT, | Position of AXT, Inc.

Inc. / Company-
Manufacturer

On “Opinion of the Committee for Risk Assessment (RC) proposing harmonized classification and labelig at
EU level of Gallium Arsenide adopted 25th May 2010”
April 21, 2011

As a Gallium Arsenide (GaAs) substrate supplier,TAXac. has been involved in growing singlerystal GaAs
ingots and substrates to the Compound Semicondsictog 1986. In all of its diverse operations, AX1G. has been
aware of the epidemiological and toxicological ggdassociated with the GaAs material, and, dutiagtime, AXT,
Inc. has observed all the necessary precautionggidmented all the recommended measures for oramit the
exposure levels of its employees.

A thorough search into the scientific work and exsh associated with the toxicity of GaAs in geharal its
carcinogenicity in particular revealed that majmcdepancies in the results and conclusions sudigaistore work is
needed before the appropriate classification sassd. For example, a comprehensive analysis, dedduy
scientific references, of the work on Gallium araficonductor Compounds is covered in Chapter 2iheof
Handbook on the Toxicology of Metals (2007 AcaddPngss). In particular, in section 7.2.1 the clasaiion of the
International Agency for Research on Cancer (IARGtated as a Group 1 carcinogen to humans ahddhdata on
human cancer were available.

We have also reviewed the CAS Registry Number: I8@B10 Toxicity Effects as outlined in the National
Toxicology Program (NTP) website:
http://ntp.niehs.nih.gov/index.cfm?objectid=E87DB8MBDB5182F81F3517BEDC60248E8# and, under the
section “Human Toxicity Values”, the notation: “Nefound” was entered. Toxicity testing conditionsl aesults on
“nonChuman” (mice and rats) are outlined in the regaut,these have no direct relevance to the “humsinity’
effects.

A review of the published Material Safety Data Sh€BISDS) for GaAs (see for example:
http://www.utdallas.edu/research/cleanroom/safesgsfdocuments/Gallium_Arsenide.pdf) show that tlendcal,
physical and toxicological properties of galliunsemide have not been thoroughly investigated gpofted. On the
other hand, in some MSDS documents on GaAs ittislnmcommon to read: “This product contains a kndwyman
carcinogen” and general guidelines on “safe” expo$imits are given but with no background evidepoesented.

With the above information, AXT, Inc. proposes thatthe absence of any compelling scientific emkeof the
carcinogenicity of GaAs, its classification as aca@gen must be carefully reviewed before it isased.
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Date Country/ Person/ Comment RAC response

Organisation/

MSCA
Dr. Hani Badawi
Vice President Applications Engineering and Intlial Property
27/04/2011 | United Kingdom / We welcome this second consultation and expeatidlssier submitter and RAC to ensure any new infaomas
Member State fully integrated into the background documentatisnwell as the opinion. We recognise that the manfdam the

Commission indicates that any relevant new inforomashould be considered against the criteria &ocioogenicity
classification. Could the final documentation aciiogly reflect all of the available data and takeaunt of any
remaining uncertainties.

COMMENTS RECEIVED:

Position papers and letters:

AIXTRON SE , Risk Assessment Committee concerniad/iGn Arsenide: Opinion proposing harmonised dfasgion and labelling at Community level of gaiifih arsenide
(document AIXTRON GaAs.pdf is included in theetaiplder Carcinogenicily

Avago Technologies Wireless, Reactions to and recendations for modifying The Background documerth®oOpinion proposing harmonised classificatiod kbelling at
Community level of gallium arseniddocument Dr_HV_Aposhian_Critique_of ECHA_Backgmbubocument.pdf is included in the table under Gargenicity)

Avago Technologies Wireless (U.S.A.), Avago Tecbgas comments regarding the proposed classifitatigallium arsenidédocumenAvago_comments_letterhead.psf
included in the table under Carcinogenicity)

AXT, Inc.Position of AXT, Inc. On “Opinion of the Committéer Risk Assessment (RAC) proposing harmonizedsifeation and labeling at EU level of Gallium Arsde
adopted 25th May 2010” April 21, 201ddcumentReach (AXT) .pdf is included in the tablder Carcinogenicity

European Photonics Industry Consortium, Risk Asaess Committee concerning Gallium Arsenide:
Opinion proposing harmonised classification anelizlg at Community level of gallium arseni@@cument EPIC_Comments on GaAs_ECHA.pdf is indludehe table
under Carcinogenicity)

European Technology Platform Photonics21, Opini@ppsing harmonised classification and labellinGammunity level of gallium arseniddqcument
REACh_Photonics21.docx is included in the tablesu@hrcinogenicity

European Trade Union Institute, GALLIUM ARSENIDE ®EINOGENICITY (document GALLIUM ARSENIDE CARCINOGENICITY.docdtuked in the table under
Carcinogenicity

Freiberger Compound Materials GmbH, Position otlfengger Compounds Materials GmbH on the OpiniothefCommittee for Risk Assessment proposing harneahi
classitication and labeling at the EU level for Gatlopted 25 May 2010 ECHAocument 2011_04_21 Briefing paper is includethatable under Carcinogenicity)

Freiberger Compound Materials GmbH, Expert Repailtin Arsenide On the Subject of Carcinogenicity &ertility Effects by Dr. Ernst M. Bomhafdocument
2011_04_21 Dr Bomhard et al - On GaAs Toxicologypétuded in the table under Carcinogenicity)
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Freiberger Compound Materials GmbH, Expert Opirtoaluation of the Potential Carcinogenicity of Gath Arsenide Samuel M. Cohen, M.D., PHddbcument 2011_04_26
Dr Cohen - Evaluation of the potential carcinogetyiof gallium arsenide.pdf is included in thel@binder Carcinogenicity)

GaAs Industry Team, Position of the Gallium Arseniddustry Team (GAIT) on the Opinion of the Comestfor Risk Assessment proposing harmonized diessdon and
labeling at the EU level for GaAs adopted 25 Mag@@ocument GAIT Comments on GaAs Carcinogenicitgsifiaation_25-Apr-2011.pdf is included in the &bihder
Carcinogenicity)

IQE plc, The Harmonised Classification of Galliums@nide at Community level by the European Chemidgency ocumenf011 IQE Gallium Arsenide Classification-
ReadAcross-LH.pdf is included in the table undarcihogenicity

RF Micro Devices, RFMD letteqdocument RFMD ECHA letter.pdf is included in talelé¢ under Carcinogenicity)

Thales Corporate Services, REACH/Gallium ArsenateXerospace and military applicati@@ocument 11-0863 ECHA - Harmonizing classificatimal labelling — Answer to
the public consultation issued on 25th May 2010ipdfcluded in the table under Carcinogenicity)

TriQuint Semiconductor, Inc. Position of TriQuirgr@iconductor, Inc. on the Opinion of the Commitfi@eRisk Assessment proposing harmonized classidicand labeling at
the EU level for GaAs adopted 25 May 2qQ#@cument TriQuint Comments on GaAs Carc Clasgiio_20-Apr-2011.pdf is included in the table en@arcinogenicity)

TriQuint Semiconductor, Inc. Position of TriQuirgr@iconductor, Inc. on the Opinion of the Commitfi@eRisk Assessment proposing harmonized classidicand labeling at
the EU level for GaAs adopted 25 May 2q#ilocument TriQuint FPM Comments on GaAs DossieA@62011.pdf is included in the table under Caagjenicity

United Monolithic Semiconductors, Comments on tRe&CROpinion on Gallium Arsenide by Dr. Ernst M. Boartd REACH ChemConsult Gmbldgcument
Bomhard_Scientific coments on RAC Opinion on GaAsciuded in the table under Carcinogenigity

United Monolithic Semiconductors, Gallium Arsenida the Subject of Carcinogenicity
and Fertility Effects by Dr. Ernst M. BomhardocumentGaAs_Carcinogenicity Fertility Dr_ E_Bomhard_08_Ap2011 is included in the table under Carcinogémgjc

United Monolithic Semiconductors, Gallium Arsenigesition of United Monolithic Semiconductors Gmbiitbe Opinion of the Committee for Risk Assessnmaposing
harmonized classification and labelling at the Elel for GaAs adopted May 25, 20db¢umentUMS_comments
on_Further_Public_Consultation_Phase _of ECHA_ forAGeaclassification2011 is included in the table @n@arcinogenicity

Wafer Technology Ltd, WT letter to ECH@ocument WT letter to ECHA incl RTB.doc is inctigethe table under Carcinogenicity)
WIN Semiconductors, Position of WIN Semiconduct2@sh April 2011
On “Opinion of the Committee for Risk Assessm&AC) proposing harmonized classification and laigekt EU level of Gallium Arsenide adopted 25th N2@yL.0”

(document WIN Comments on GaAs Classificationgplitiuded in the table under Carcinogenicity)

WirtschaftsVereinigung Metalle, Comments on secpuldlic consultation for a harmonised classificatotabelling for Gallium arsenidedpcumen011-04-
21 _WVM_Comment_Consultation_GaAs.pdf is includethe table under Carcinogenicjty

ZVEI, Position of ZVEI — German Electrical and Biemic Manufacturers' Association On "Opinion oét@ommittee for Risk Assessment (RAC) proposingrioaized

classification and labelling at Community level@dllium Arsenide, adopted 25th May 20 @bcument 2011_Jan_28_GaAs_ZVEI-Position.pdfolsided in the table under
Carcinogenicity)
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Reports and articles:

Tokar, E.J et al, Critical Rewiews in Toxicolog,® 40 (10):912-927.
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Substance name: Gallium Arsenide
CAS number: 1303-00-0
EC number: 215-114-8

Annex
Additional response to comments

1) Read-across between arsenic oxides and GaAs
Application of read-across to other arsenic compgun the RAC opinion of 25 May 2010 was strondtaltenged
and deemed as flawed by several: European Photdmitsstry Consortium, ZVEI — German Electrical and
Electronic Manufacturers' Association, European Bemductor Industry Association (ECCA-ESIA), Wafer
Technology Ltd, as well as by GAIT members. Esgbcjzhysico-chemical properties of GaAs were claiihte be
overlooked and the OECD guidance on grouping ngiliegp (“They did not analyze the physicochemical
characteristics of the analogues they chose to amnip gallium arsenide. They did not perform amythe
subsequent steps to properly use the read-acrog®anéhat are recommended in the OECD (2007) gerlan
document on the grouping of chemical substancesriQuint and IQE carried out an exercise accordimghe
OECD guidance concluding that only arsenic compsuwrdsolution species in the same oxidation stabeld be
compared, and that this plus the low solubility gdllium arsenide called for deeming the read-acrass
inappropriate. Read-across was also deemed unaegdgscomments received in the public consultabenause
animal data on GaAs exists. In RAC’s opinion the PN$tudy was valid and supports a classification as
carcinogenic, however we could not disregard theilavle epidemiological data of arsenicals causiagcer in
humans due to the low sensitivity to arsenic imd#ad animal carcinogenicity tests. Thus, an assmssof the
transformation products of gallium arsenide waduithed in the overall evaluation of carcinogenesigalium
arsenide.

RAC did not apply the OECD guidance (OECD, 2007) sebecause a more direct comparison could béedppl
due to the formation of similar transformation pwots from gallium arsenide and other arsenic comgsalready
classified and listed as carcinogens in CLP AnnkxSée also CLP section .3.6.2.2.7.

Comments received claimed that the genotoxic effexft GaAs do not seem totally comparable with other
arsenicals, limiting the validity of the read-ago®lease see paragraph on threshold for resportbést It was
claimed by industry that methylation did not hapjpreihhumans as a study showed arsenic in urinendincrease

in methylated species (Yamauchi et al., 1989).discussion of bioavailability and this study please paragraph
on metabolism and the adopted opinion.

2) Threshold for carcinogenicity
Several comments were received from Industry (GallArsenide Industry Team (GAIT) , Zvei, TriQuirtglling
for an interpretation of the genotoxicity studiesconclude on a non-genotoxic action and henceestbld for
arsenic carcinogenicity. Also comments were reckstating that a number of more recent epidemioligtudies
based on quite accurate exposure assessmentstigsstudies on drinking water) indicates thestence of a
threshold for the carcinogenic effects of (othegeaicals well above the known exposure experienicgishg the
production and processing of gallium arsenide (8ateal. 2004; Brown and Ross, 2002; Lamm et &420006,
2007; Meliker et al. 2010; Mink et al. 2008; Schatmal. 2004; Snow et al. 2005; Tapio and Gros¢€gsP
A shift in risk assessment approach in U.S. EPAnflmear extrapolation to a non-linear (Margin ofp&sure
(MOE)) approach was submitted to support this vigwohen et al., 2006). Also a thorough analysis haf t
genotoxicity data, commissioned by Freiburger amdpiled by Dr. M. Kirsch-Volders (Kirsch-Volders 20), was
received giving reference to (Mateuca et al., 2606&ch-Volders et al., 2000, 2009; Speit et a800@, Lutz (1998);
Elhajouiji et al., 1995, 1997; Kirsch-Volders et &003: Kirsch-Volders et al., 2000; Jenkins et2005; Zeiger et
al., 1992 (cited in NTP, 2000); Gibson et al., Z989TP, 2000; Stone V., 2010 (unpublished resuligyes et al.,
1992; Riaz et al., 1995; Yang and Chen, 2003; Basl., 2002; Kligerman and Tennant, 2007; Kleialet2007;
Gebel, 2001; Jomova et al. 2011; Nollen et al. X0Gentryet al., 2010;Schoen et al, 2004; Snow et al., 2005;
Schoen et al., 2004; Rudel et al., 1996, Andrewal.e2006; Basu et al., 2001; Elhajouji et al., 399997, 2011,
Decordier et al.,2011; Cammerer et al., 2009; Ddieoket al., 2009, 2011); (Dertinger et al. 201¥|asevich et al.
2011).



In_conclusion although inorganic arsenicals and metabolites @mesidered to act mainly by non-
mutagenic mechanisms, a threshold for carcinoggrieis so far not been established.

3) Fine particulate matter-considerations
With reference to CLP section 3.6.2.2.6 one ofithgortant factors to take into consideration, whseessing the
overall level of concern, is the possibility of anéounding effect of excessive toxicity at testeksin the CLP
guidance this is further discussed in section 36ldetter j). Tumours occurring only at sitesohtact and/or only
at excessive doses need to be carefully evaluatdtlufnan relevance for carcinogenic hazard.

In the NTP carcinogenicity study in rats (NTP, 20@hronic active inflammation of the lungs waseted at all
concentrations tested. Gallium arsenide industamt€GAIT) companies like Freiberger Composite Matsy
TriQuint and United Monolithic Semiconductors, sappd by experts (Dr. Bomhard and others), cldmat t
symptoms in the NTP study would have shown up d#gas of the chemical composition of the substabeeause
of the fine particulate matter effect (<1 micronpdy soluble) from the concentration of activefaoe sites on the
particles: “The non-neoplastic effects reported avathronic active inflammation, atypical hyperpéasalveolar
epithelial hyperplasia, proteinosis, alveolar egiti metaplasia in the lung. All of these changesult from a
chronic irritation of the lung tissue. They are lgfaéively similar to those effects reported as thygical outcome of
the exposure to other particles e.g. talc (H2Mg3@34 ) or quartz (SiO2) by inhalation (NTP 2000, Vet al.
1988).” Talc and quartz give rise to different amfimatory reactions. To state that the effects whaite shown up
regardless of the chemical composition seems iacbas GaAs induces lung toxicity and carcinogénii doses
well below those of more inert particles like titam dioxide. However we agree that inflammationd an
cytotoxicity may play a role in lung tumours inddcby gallium arsenide in female rats. Comments vedse
received stressing the occurrence of lung tumaurats under conditions of chronic inflammatiortioé lungs as a
phenomenon that has been observed with other platécmatters and reported in the literature (Nikdhhal
Toxicol 12, 2000, 97-119; Federico et al.,, 2007;sktban, 2000).” Other concerned parties, like WIN
semiconductors also argue that chronic inflammagdfgcts from particles are probably more respdaditr the
neoplastic transformations observed in animals thancarcinogenic effects of gallium arsenide. Régtees the
mechanisms of the carcinogenic seen in the NTPystight involve chronic inflammation. No overloadasv
reported in the study (see the opinion for detailsno overload). RAC considers that the pulmondfgcts
observed in rodents are caused by the specificeptiep of GaAs and is not a “pure particle effeat"GaAs induces
lung toxicity and carcinogenicity at doses welldvelthose of more inert particles such as titaniioxide.

TriQuint reiterates the IPC comments from the pubdtinsultation on gallium arsenide in 2009 thatghicle sizes
used in the NTP study (NTP, 2000) have zero relexan the form of gallium arsenide that will be ematered by
any consumer. RAC assumes this refers to the sfadallium arsenide as a semiconductor containgdinvian
electronic device, and agrees. However this igelevant for assessing the intrinsic propertiethefsubstance.

RAC considers that the mechanisms proposed foicfgarhduced lung tumorigenesis in animals arevia also
for humans. Although, as commented by Industryehmay be differences in the particle induced pulangn
tumour biology, lung tumours in experimental anisnahould be considered predictive for cancer piatlein
humans if there are not definitive data showingepilise.

4) Bioavailability

From the CLP guidance, 1.3.2 Bioavailability: “Iergeral, bioavailability is not explicitly evaluatéd hazard
classification — the observation of systemic tdyicimplicitty demonstrates a degree of bioavailipil
“Information on bioavailability is usually obtaindtbm adequate, reliable, and conclusive toxicakmstudies for
all relevant routes of exposure and all relevannfoor physical states where the substance andtabwlite(s) of
the substance have been quantified in body fludidaa target organs. It should be noted that calictuthat there
is lack of or reduced bioavailability has a higlrden of evidence and needs to be supported by trolats and
expert evaluation. Bioavailability of a substanageaomixture is normally assumed if there are imovistudies
available which show the solubility of a substaacenixture in body fluids or artificial simulateady fluids.”
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Several of the comments received during the sepabtic consultation (GAIT members supported by etgee.g.

Dr Bomhard) claim that the bioavailability of Gahas not been convincingly documented and that abxeports
demonstrate low or no internal exposure in the vmgrkatmosphere in the semiconductor industries. RAC
acknowledges that the data provided indicate thettorkplace exposure to GaAs do not significaimtyease the
body burden of arsenic. However, the issue of lddability was determined based on in vitro solifpidata and
animal studies with exposure to GaAs patrticles arfying sizes via inhalation or intratracheal itation. These
studies have been described in the opinion andremely mentioned below.

Although the solubility of GaAs in water is veryadt has an increased vitro solubility in phosphate buffer and in
Gamble solution (Webb et al., 1984; Pierson etl#l89, Yamauchi et al., 1986). The solubility repdrvaried
between approximately 10% - 70%. The reason fohihle in vitro solubility reported in the study byebb (1984)
is unclear, but may be related to a disruptionhef ¢rystalline structure of the particles used iasussed in the
opinion. The solubility in the Gamble solution whi¢s an artificial lung fluid was performed to exteearlier
information (Pierson et al., 1989). GaAs was fotmdlissolve slowly over a period of several dayd amore As
than Ga was dissolved. The authors report that As exidized at the particle surface to a specissméling
arsenic trioxide.

In a study by Rosner and Carter (1987) it was ed#ohthat about 5-10% of arsenic form GaAs padiglere
systemically available following intratracheal illation. The bioavailability of GaAs was furtheugported by
measurement of gallium and arsenic in blood antistéslowing inhalation exposure of rodents in tR&P studies
(2000). Systemic toxicity (such as microcytic an@nmeflects systemic release of gallium and arsems in the
NTP studies. Furthermore, NTP has conducted assefitoxicity studies as part of the overall toicassessment
of inhalation exposure to gallium arsenide, thatudes whole-body inhalation developmental toxicitydies with
0, 10, 37, or 75 mg/frgallium arsenide in Sprague-Dawley rats and S{@&-1) mice (cited as Battelle 1990c in
NTP 2000). The results from these studies arelprifscribed in the NTP (2000) report, but wereinotuded in
the 2010 Background Document to the RAC opiniodegelopmental toxicity was not proposed nor evaldidty
the dossier submitter. Analysis of the concentretiof As and Ga in maternal rat blood and in theceptus
showed that maternal blood concentrations of acsienthe rat increased with increasing exposureceommation
and duration, and achieved high levels (170 pgéghe highest dose level (75 mgjmLevels in the conceptus
increased with advancing gestation, and by dayrgénic was detectable in all exposed groups, btuimthe
controls. In the rat, arsenic is tightly bound enoglobin in the erythrocytes, and this is likadylimit placental
transfer. Levels of gallium in the maternal bloodswow, however, fetal tissue had gallium conceiatna greater
than those found in maternal blood for all expogeoups. These analyses complement the data frommathe
carcinogenicity study and confirm that arsenic galium is released following inhalation exposupectystalline
GaAs patrticles.

Several studies indicate that semiconductor woregsexposed to very low levels of gallium arser{dda@mauchi
et al., 1989; Farmer and Johnson, 1990; MortonMasion, 2006; Morton and Leese, 2011) and theséestade
now included in the Art 77.3(c) opinion. In onetbése studies (Yamauchi et al., 1989) arsenic speaaidifferent
groups of Japanese workers in a GaAs plant wasurezhsUrine was sampled twice a day (before work afiter
work) for three consecutive days. A slight, butn#figant increase in inorganicAs levels was foundpbstwork
urinary samples compared to prework samples fromkeve involved in GaAs production or processingis&tudy
suggests that GaAs dust in the working atmosplsgo@available to a certain extent. No increagmtal arsenic or
in DMA(V) was observed, a fact that may be dueittadly sources contribution to urinary DMA levelsis point
is discussed in the study by Morten and Leese (2@hd suggest that it “may be more accurate to sprviMA,
As3+ and As5+ when trying to assess exposure tgamic arsenic”.

RAC consider that the bioavailability of GaAs vighalation is sufficiently demonstrated basedronitro andin
vivo studies.

5) Toxicokinetic considerations
The comparison with other arsenical compoundsgdbea large extent on data showing the releaseoofanic
arsenic and the formation of As(lll), As(V), MMA(\@nd DMA(V) in experimental studies following expos to
GaAs. The study by Rosner and Carter (1987) anddhiew by Carter et al. (2003) are both central tfee
evaluation performed. The interpretation of thesgadby RAC has been challenged by IND in the public
consultation (European Photonics Industry ConsortidVEI — German Electrical and Electronic Manutaets’
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Association, European Semiconductor Industry Asdmm (ECCA-ESIA), Wafer Technology Ltd, as well lag
GAIT members, also supported by experts as Dr AspasDr. Bomhard; Dr Cohen).

Hamsters are considered a suitable animal modeduicin studies since its urinary metabolic profdsembles that
of humans following inorganic arsenic exposure. tomparative study of Rosner and Carter (1987) elbas the
oral hamster study by Yamauchi et al. (1986) shbat there is a wide tissue distribution of arsespecies
following exposure to GaAs, but the levels of tliedent species at the target sites are not knddawever, the
lung is a target site for arsenic-induced carcineges following both oral and inhalation exposumgportantly, the
lung has metabolic capacities (oxidation, redugtimathylation) suggesting that both inorganic Ad arethylated
species will be formed at the target site.

Industry states that gallium arsenide should natdesidered as part of the overall exposure togguac arsenic in
general and that data on carcinogenicity of areeanitd arsenate are not relevant for GaAs. Sevetaé mbjections
seem to be related to the mode of action of arsgaritinogenicity and the assumption that a thresbbkeffects is
high compared to the small amounts that are relefieen GaAs exposures. These considerations areneoied

elsewhere in this document. However, RAC recogrisasthere are differences in bioavailability dikdly also in

tissue levels of the different arsenic speciedaitarget sites. However, these are considered tubntitative and
not qualitative differences.

Furthermore, there is an apparent disagreement father the data reviewed by Carter et al. (2003) the
conclusions in this paper is in contrast to thenmtetations made by RAC. Several qudtem the review paper are
made to support the view that the read-across apprperformed in the 2010 opinion was inappropridtee
review by Carter and co-workers relates to the @impn of toxicity (non-cancerous endpoints) betwdiferent
inorganic arsenicals and provides a thorough dssocnsalso of the toxicokinetic information on seuearsenic
compounds including GaAs. In RAC’s opinion the esvipaper gives a clear support for the qualitasinglarity
of the systemically released arsenic ions and métab. Carcinogenic endpoint was however, notudet in the
review.

The quotations(from the review paper pp. 309, 326, 323, 310nsttkd and underlined by IND in the comments
are briefly answered below:

6) Specific comments to the review by Carter et al.,aD3, received in the public consultation

e Abstract on page 309 state that
“The urinary metabolites after GaAs exposure wer ghme as excreted by arsenic oxides but the chemic
compounds responsible for the toxic effects of Gadslifferent from the arsenic oxides. The rewewcludes that
there is insufficient evidence to equate the dfiearsenic compounds
The review discusses the toxicity of several inaifgarsenicals. It is clear that the acute and @utieatoxicities of
GaAs are not the same as those of arsenic oxideRAIC’s opinion, these statements relates to timg land
testicular toxicities seen following GaAs expostirat are not easily explained by arsenic toxiciona.

e page 326 states that
“The toxicity of gallium appears to be limited by $olubility and by the solution composition of enats that
could bind or solubilize gallium. The toxicity ofsanic appeared to depend on the species formedhglur
dissolution: arsine, arsenious acid, or arsenicdadt is clear that highly insoluble arsenide seomductors were
less acutely toxic than equal amounts of arsintheir more soluble arsenious acid produtts

RAC agrees that the systemic toxicity of GaAs msitied by its solubility. The authors further stat€he target
organs of GaAs are the lung and the testis butlisgsolved compounds that are likely to enter tmeutation are
inorganic arsenic oxides (Aslll and AsV) and nctiae.” In the article by Rosner and Carter (1987 stated that
“the systemic arsenic released from GaAs appearbd treated like trivalent arsenic by the body.”

e page 323 states that
...... arsine and gallium arsenide, [that] are in wigead use in the microelectronics industry. Thege drsenic
compounds are not found in nature and should ngubdged by the same drinking water exposure scesdhat
are used for the inorganic oxides.”
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* page 310 state that
“There is one major question that should be askéard¢he standards for industrial exposure are sed. Can the
results used for the drinking water standards ofiemmental arsenic compounds be extrapolated tustrial
inhalation exposures for the important arsenic compds used in industry? The drinking water standgicdnot
analyze individual arsenic compounds separately. dabt that total arsenic in all environmental amge
exposures is representative of risk when there apioebe several different “most toxic arsenic campds”

We agree to the two above mentioned quotations. réiew was said to “attempt to define the dosearse
relationships for the different health effects aodlefine the arsenic chemical species that ar@ritapt in these
effects.” Clearly the different oxidation statesianetabolic forms of arsenic have different toxst In addition,
the route of exposure and bioavailability will idince the levels of the different arsenic ions methbolites at the
target sites in the body. These facts however,alccontrast the view that the formation of arsespecies in the
body following GaAs exposure is qualitatively siamito those formed following exposure to arsenides, as is
also stated in the review.

In conclusion, RAC believes that there is suffitidnformation showing the release of similar arseni
transformation products following GaAs inhalatiorpesure as following exposure to classified cargéroc
inorganic arsenicals. However, it is important teess that the data are used in a qualitative sisssd and no
guantitative assessment of the carcinogenic poteh®aAs based on the read-across has been pedorme

000
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