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Part A.

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G

1.1 Substance

Table 1: Substance identity

Substance name: Copper flakes (coated with aliphatic acid)
EC number: 231-159-6

CAS number: 7440-50-8

Annex VI Index number: -

Degree of purity: > 95.3% (w/w) as total copper

Impurities: See annex | (confidential)

1.2 Harmonised classification and labelling proposal

Table 2: The current Annex VI entry and the propogd harmonised classification

CLP Regulation

Current entry in Annex VI, CLP None

Regulation

Current proposal for consideration | Acute Tox. 3 - H331

by RAC Acute Tox 4 — H302
Aquatic Acute 1 — H400,
M=10
Aquatic Chronic 1 — H410,
M=1

Resulting harmonised classification | Acute Tox. 3 - H331

(future entry in Annex VI, CLP Acute Tox 4 — H302

Regulation) Aquatic Acute 1 — H400,
M=10

Aquatic Chronic 1 — H410,
M=1
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Copper and some copper compounds are under regdBiwaides (BPD) and/or Plant Protection
Product (PPP) Directives and CLH dossier to setevise their harmonised classification are
submitted in parallel for these compounds (see samypim annex II).
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1.3 Proposed harmonised classification and labelling Is®d on CLP Regulation
Table 3: Proposed classification according to thELP Regulation
CLP Hazard class Proposed | Proposed SCLs Current Reason for no
Annex | classification and/or M- classification® classification?
ref factors
2.1. None Conclusive but not
Explosives sufficient for
classification
2.2, Flammable gases None Not relevant
2.3. Flammable aerosols None Not relevant
2.4, Oxidising gases None Not relevant
2.5. Gases under pressure None Not relevant
2.6. Flammable liquids None Not relevant
2.7. None Conclusive but not
Flammable solids sufficient for
classification
2.8. Self-reactive substances ahdV°ne Conclusive but not
it sufficient for
mixtures classification
2.9. Pyrophoric liquids None Not relevant
2.10. None Conclusive but not
Pyrophoric solids sufficient for
classification
2.11. | gelf-heating substances arjdNONe Conclusive but not
ixtures sufflc_le_nt f_or
mix classification
2.12. Substances and mixtures | None Conc!usive but not
which in contact with water sufficient for
emit flammable gases classification
2.13. Oxidising liquids None Not relevant
2.14. None Conclusive but not
Oxidising solids sufficient for
classification
2.15. None Conclusive but not
Organic peroxides sufficient for
classification
2.16. Substance and mixtures None Conclusive but not
Ve t tal sufficient for
corrosive 1o metals classification
3.1 . Acute Tox 4 —| None
Acute toxicity - oral H302
None Conclusive but not
Acute toxicity - dermal sufficient for
classification
- . . Acute Tox 3 —| None
Acute toxicity - inhalation H331
3.2. None Conclusive but not
Skin corrosion / irritation sufficient for
classification
3.3. : None Conclusive but not
Serious eye damage / eye sufficient for
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irritation classification
3.4. Respiratory sensitisation None Data lacking
3.4. None Conclusive but not
Skin sensitisation sufficient for
classification
3.5. None Conclusive but not
Germ cell mutagenicity sufficient for
classification
3.6. None Conclusive but not
Carcinogenicity sufficient for
classification
3.7. None Conclusive but not
Reproductive toxicity sufficient for
classification
3.8. i i None Conclusive but not
Sp_eC||f|c target organ toxicity cufficient for
—singie exposure classification
3.9. i i None Conclusive but not
Spectls erget orgen ol
—rep Xposu classification
3.10. None Conclusive but not
Aspiration hazard sufficient for
classification
4.1. Aquatic Acute| M =10
. 1 - H400
Hazardous to the aquatic Aquatic
environment | M=1
Chronic 1 —
H410
5.1. None Conclusive but not
Hazardous to the ozone layer sufficient for
classification

Dincluding specific concentration limits (SCLs) andfattors
2 Dpata lacking, inconclusive, or conclusive but ndfisient for classification

Labelling:

Signal word: Dange

r

Pictograms: GHS 06, GHS 09
Hazard statements: H302, H331, H410
Precautionary statements: not harmonised

Proposed notes assigned to an entrypone

2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labellig
Copper has no current harmonised classification.
Copper is registered under REACH and relevant mé&tion from the registration dossiers were
considered in the preparation of this report.

2.2 Short summary of the scientific justification for the CLH proposal

Coated copper flakes are acutely toxic by oralrasg@iratory routes and classifications as Acute
Tox 4 - H 302 and Acute Tox 3 — H331 are proposed.
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Taking into account the recommendations of the Ariveof the Guidance to Regulation (EC) No
1272/2008 Classification, Labelling and Packagihgubstances and mixtures, the ratio between
the copper release after 7 days T/D at a loadingy wifg/L at pH 6 (0.7 to 0.84 mg Cu/l) and the
acute ERV (0.0292 mg Cu/l) ranges between 24 andT®@refore, this compound is considered as
ready soluble metal compound

For acute toxicity classification, the lowest ERMed copper flakd0.0292 mg/l) is below the trigger
value of 1 mg/L which lead to the aquatic environtaé hazard acute category 1, H400. An M-
factor of 10 should also be applied.

For chronic toxicity classification, there is evide of rapid removal from water column. The
lowest chronic ERWoated copper laké0.0074 mg/L) is below the trigger value of 0.0¢/mwhich
leads to the aquatic environmental hazard chraatiegory 1, H410. An M-factor of 1 should also
be applied

2.3 Current harmonised classification and labelling

No current harmonised classification in Annex VIGIP.

2.4 Current self-classification and labelling

The DSD classification applied by the notifier imetscope of the Biocidal Product Directive
(98/8/EC) is as follows:

Directive 67/548/EEC
(DSD)

R11
R20/22
R50/53

3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LE  VEL

Copper is currently not classified according to &xivI of CLP.

Coated copper flakes is an active substance inméaning of Directive 91/414/EEC (PPP). In
accordance with Article 36(2) of the CLP Regulationated copper flakes shall be subjected to a
full harmonised classification and labelling. THere, this proposal considers all human health and
environmental end points. In particular, harmoniskedsification is proposed for the acute toxicity
and environmental classification (with a M-factawfjich justifies action at community level.
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Part B.

SCIENTIFIC EVALUATION OF THE DATA

1 IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 5: Substance identity

The reference substance is the copper flakes @oatk aliphatic acid).

EC number: 231-159-6
EC name: Copper
CAS number: 7440-50-8
CAS name: Copper
IUPAC name: Copper

CLP Annex VI Index number: -

Molecular formula: Cu

Molecular weight range: 63.55 g/mol

Structural formula: Cu
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1.2 Composition of the substance

Table 6: Constituents (non-confidential informatian)

Constituent Minimal purity Remarks

Copper flakes (coated| = 95.3% (w/w) as total
with aliphatic acid) copper
(CAS 7440-50-8)

Current Annex VI entry: see Part A (section 2.3)

Impurities (non-confidential information)
Confidential information, see confidential annex.

Additives (non-confidential information)
Confidential information, see confidential annex.

1.2.1 Composition of test material

Some information in the literature shows that naat@mals containing copper compounds may
exist. However, the information available in theddal and plant protection products dossiers do
not seem to indicate that the substance exist uhdeshape for these applications.

In this context, it was decided not to take intonsideration the potential nanoform of copper
compounds in this report and the present CLH dossiproposed for the coated copper flake. A
specific dossier and hazard evaluation may be sacg$or nanoforms of this substance.

As mentioned by industrial after clarification demda, all the studies coming from the biocidal
dossier are performed on coated copper flake.

FR: The purity of the tested material is specifigden available and/or relevant in the different
parts of the CLH report.

1.3 Physico-chemical properties
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Table 9: Summary of physico - chemical properties

Property

Value

Reference

Comment (e.g. measured or
estimated)

State of the substance at
20°C and 101,3 kPa

Extremely fine powder,
reddish, odourless

Messerschmidt, S;
(2006)

Optical and smelling assessme

nt

Melting/freezing point

> 600°C (technical
grade > 95%)

Franke, J.; (2006)

Measured on coated copper
flake (see specification in anng
| confidential)

Boiling point

Not necessary as boilin
point will occur at
temperatures greater
than 360°C based on th
melting point of coated
copper powder.

Density

0.47 g.c

Messerschmidt, S;
(2006)

Measured on coated copper
flake (see specification in anng
| confidential)
Tap density

CIPAC MT 33

x

Vapour pressure

7.5 x 10° Pa at 20°C,
1.8 x 10¢° Pa at 25°C,
calculated from vapour
pressure curve

(technical grade > 95%

Franke, J.; (2006)

Measured on coated copper
flake (see specification in anng
| confidential)

Surface tension

Not applicable for

substances with a watef

solubility < 1 mg t*

Water solubility

pH 7: 0.27 mgit at
20°C and 0.32 mgliat
30°C

pH4: 20°C = 192 mg?
pH9: 20°C = 0.13 mgH

(technical grade > 95%

Gazzotti, G; (2006)

Measured on coated copper
flake (see specification in anng
| confidential)

The solubilisation results of the
oxido-reduction reaction of the
copper metal into ionic copper,

Cu(0)— Cu(l)— Cu (1)

At low pH, these reactions are
promoted.

Partition coefficient n-

Not relevantfor the

octanol/water ecotoxicological risk
assessment, due to the
specific absorption
mechanism of copper.
Flash point Not relevant (solid) - -
Flammability Not highly flammable | Flemming F (2010) | ADR/RID Class 4.1

93% of the flake have a size
below 20pum

See section 3

Explosive properties

Based on the chemical
composition and

Ignition Handbook —
Babrauskas, (2003)

See section 3
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experience in use, it is
considered that the test|
according to EC methodl
A.14 would give a
negative result for
copper.

Kenneth L.
Cashdollar (1994)
Kenneth L.
Cashdollar and Isaa

A. Zlochower,
(2007)

<)

Self-ignition temperature

No data

Oxidizing properties

Not oxidizingbased on
chemical composition
and experience in use.

See section 3

Granulometry

No data

Stability in organic solvents
and identity of relevant
degradation products

Not required. The active
substance as
manufactured does not
include any organic
solvents.

Dissociation constant

Not relevant, metallic
copper cannot dissociate
in water, due to its
structure.

Coated copper flake is
slightly soluble in water
and the solubilisation
results of oxido-
reduction reaction of the
copper metal into ionic
copper. Any addition of
acid would result in
reaction with the coppe

Viscosity

Not applicable (solid)

Henry's Law Constant

1.77x10° Pa.ni.mol* at
20°C, pH 7

Calculated

Reactivity towards container
material

No reactivity towards
commonly used
materials, such as
polyethylene lining
based on chemical
structure and experienc
in use.

[}

See section 3

2 MANUFACTURE AND USES

2.1 Manufacture

Not relevant

2.2 Identified uses

Coated copper flake was notified under BPD Direc{®8/8/EC) as anti-fouling product (product
type 21). Coated copper flake is intended for ng@é protection against fouling of both mobile
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(including but not limited to marine and freshwatessels) and stationary (including but not
limited to buoys, aquaculture nets, immersed stines) objects.

RAC general comment

In addition to copper flakes (coated with aliphatic acid), ECHA received CLH proposals for
nine other copper compounds or forms of copper from the same dossier submitter
(France). The dossier submitter stated that where systemic toxicity is concerned, the
toxicologically relevant moiety is the Cu®* ion, which is released to a different degree
from all the copper compounds. A comparison of the bioavailability (and hence toxicity)
of various copper compounds showed that bioavailability is highest for the most soluble
compound copper sulphate. Consequently, the use of copper sulphate data would
represent a worst-case scenario for the determination of the systemic toxicity of
relatively insoluble copper compounds. For the systemic endpoints the dossier submitter
therefore proposed to read-across between the different copper compounds, and
introduced identical sections on specific target organ toxicity, mutagenicity,
carcinogenicity and reproductive toxicity in the CLH reports for all compounds. The
studies reported in these common sections mostly concern copper sulphate
pentahydrate, sometimes also other copper compounds. The sections on acute toxicity,
skin irritation/corrosion, eyedamage/irritation and sensitisation in the CLH reports are
specific for each substance/form.

RAC considered the dossier submitter’s proposal to group the substances together for
consideration of STOT RE and the CMR endpoints. RAC noted that differences in solubility
and other physico-chemical properties may potentially impact the toxicity of the various
copper compounds, in particular locally after inhalation exposure. RAC noted further that
the anions, in particular thiocyanate, might also be a contributing factor to the toxicity.
However, these aspects were not addressed in the CLH reports, whereas RAC concluded
that these would need a more detailed analysis. As none of the studies with copper
sulphate pentahydrate or the other tested copper substances yielded positive evidence
for the classification for these endpoints, RAC however did not pursue the aspect of
grouping the nine substances any further.

Copper flakes (coated with aliphatic acid) will be referred to as coated copper flakes
throughout the rest of this opinion document.

3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Table 10: Summary table for relevant physico-chencal studies

Physical and chemical properties| Results Remarks Reference
Flammabilty - Ignition Not highly flammable Method ADR/RID Flemming F
Class 4.1 (2010)
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Flash point Not required as the active - -
substance is a solid

Explosive properties Itis considered that the test | Theoretical Ignition

according to EC method A.14 | 3ssessment and Handbook 2003

Kenneth L.
copper. Published Cashdollar (1994)
information data Kenneth L.

Cashdollar and
Isaac A.
Zlochower (2007)

Oxidizing properties No oxidizing properties Theoretical -
assessment and
experience in use

3.1 Explosivity

Based on the chemical composition and experienasenit is considered that the test would give a
negative result for coated copper flake.

As a metallic powder, coated copper flake dustasomay explode but explosivisity due to powder
forms is not covered by the CLP criteria.

3.2 Flammability
Not highly flammable.

As a metallic powder, coated copper flake dustasomay ignite but flammability due to powder
forms is not covered by the CLP criteria..

3.3 Oxidizing potential

Based on the chemical composition and experienagenit is considered that the test would give a
negative result for coated copper flake.

RAC evaluation of physical hazards

Summary of the Dossier submitter’s proposal

Coated copper flakes is a stable inorganic compound. Its physicochemical properties
indicate that it is neither self-reactive nor oxidising. Studies showed it is neither
flammable nor explosive (Flemming, 2010; Cashdollar, 1994; Cashdollar & Zlochower,
2007). The dossier submitter proposed no classification for physical hazards.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

Since coated copper flakes do not have explosive or oxidising properties and are not
(auto-)flammable, RAC supports the non-classification for physical hazards, as proposed
by the dossier submitter.
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4 HUMAN HEALTH HAZARD ASSESSMENT

Considering that in mammalian the toxic form of appper salt is the Glion, a read across
between the different salts (copper sulphate, gieopxide, copper hydroxide, copper oxide,
copper carbonate, copper thiocyanate, coated coigdars, copper oxychloride and Bordeaux
mixture) will be used for assessment of repeatedcity, mutagenicity, carcinogenicity and
reprotoxicity of copper compounds. Therefore, #ygort of these endpoints will be common in the
different CLH report of each compound. However, dloate toxicity and local toxicity as irritation
and sensitization will be specific for each subséan

4.1  Toxicokinetics (absorption, metabolism, distribution and elimination)

41.1 Non-human information

The following summary of toxicokinetics of the ca@ppon Cd" is derived from the pesticide and
biocide assessment reports made for the reviewmber compounds under directive 91/414/EEC
and 98/8/EEC.

Absorption

Absorption in both rats and humans varies accortiindiet. For humans: on a copper-adequate
diet, absorption is 36 %, on a low copper diet 5% on a high copper diet 12%. Similar figures
have been obtained for rats.

Distribution

After oral absorption, when entering interstitialidl and blood plasma, absorbed copper initially
becomes bound to two proteins; albumin and transaupAlthough the affinity of transcuprein for
copper is higher than that of albumin, copper iaresfreely exchangeable between them. Most of
the copper bound to albumin and transcuprein ighapransported via portal blood to the liver
(main organ of regulation), although some also gdiesctly to other tissues, especially to the
kidney. The liver controls the distribution of cappo the rest of the body via the bloodstream,
bound to ceruloplasmin.

By other routes of exposure (mainly inhalation)s@bed copper does not pass first by the liver,
therefore, a wider distribution through the bodpassible.

Metabolism

Metabolism does not occur. Copper is a monatonmcaiod cannot be metabolised. It is however
used in every cell in the body, and every cell oagulate its copper content. Many enzymes and
other proteins containing copper have been destribe

| nterspecies differences

Albumin, one of the major copper transport proteshshe blood, contains histidine in position 3
which is essential for tight binding of copper. dogs and pigs, this histidine is replaced by a
tyrosine, and consequently the albumin does nok llag same affinity for copper. Dog and pig
albumins have several low-affinity sites for coppmrt albumin is still an effective transport piate

in those species. Dogs show unusually high leviet®pper in the liver, ten times the levels in athe
species. While dog liver rapidly took up copperetigd intravenously, dogs do not appear to be
able to excrete copper via the bile as readilythsrospecies. It is possible that dogs express the
WND protein less than other species resulting iocuawlation of copper in the liver. Based on
these differences in albumin structure and the lofeéhe dog, it was concluded that the dog isanot
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good animal model for human risk assessment of@ogpd that is why no dog study is outlined in
this report.

Accumulation
Accumulation does not occur except in cases of tgerksease or chronic administration of
exceptionally high doses (60 mg/person/day), wkepmper accumulates in the liver.

Excretion

Excretion in most species v the bile, in a trypsin-independent protein fragmainth that entero-
hepatic circulation does not occur. A significamhaunt of copper is excreted bound to
metallothioneins contained in intestinal brush leordells sloughed off and lost in faeces. Minor
amounts are also excreted in urine and from skihheir.

Excretion is rapid. An oral dose of 20 mg Cu/kgdts was completely eliminated from the liver by
48 h. Blood plasma levels did not increase durmg period.

Bioeguivalence

In mammalian toxicity, it is considered that thgitoform of any copper salt is the Etion.

This is shown through the comparison of bioavaiigband hence toxicity of the most soluble
(copper sulphate) and relatively insoluble coppatss In effect, the use of copper sulphate data
would represent a worst-case scenario for the miation of the systemic effect of relatively
insoluble copper compounds in mammalian toxicitilisThas also been confirmed in a series of
bioavailability studies conducted by several athaho have compared the bioavailability of
copper sulphate to other copper salts includingpeopoxide, coated copper flakesr, copper
thiocyanate and copper carbonate. Moreover, intaer study copper was administered orally to
bile-canulated rats, as copper sulphate, copperoRigk, copper oxychloride, Bordeaux mixture,
tribasic copper sulphate and copper (I) oxide. &legre no differences in absorption, copper levels
in plasma, liver or bile, or in excretion ratesvibegn the five forms and copper sulphate. This study
demonstrates bioequivalence between the five fanuscopper sulphate, such that repeated dose
toxicity studies on copper sulphate, or on only afethe five forms, may be considered
representative of the other forms for systemicatéfe

In 2010, Rodriguez et al, assessed the relatiws®/lison of copper ions from copper materials and
copper compounds in gastric mimetic fluid, simullabeal exposure.

The copper compounds tested, include: copper wirassive copper materials), copper powder
(130 um median diameter), coated copper flakes |88, cupric oxide and cuprous chloride.
Loading rates between 100 mg/L and 2 g/L were assesThe results are expressed as % mass
recovered at the end of the bio-elution test anthpred with the results obtained from soluble
copper sulphate.

The results are summarised in the table below.

Relative bio-solubility of copper and copper compads, assessed from the recovery of copper after
a bio-elution tests in gastric fluids.

Material tested Bio-elution recovery
(as% of Cu content)

Cu massive 0.096-0.105

Cu powder 1.1

Cu flake 42-71

CuO 68-84
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CuCl 67-94

CuS0O4 100

The results show a highest solubility of CuSO4 @n(l.

In conclusion, this study demonstrated large vdiighn the gastric bio-accessibility of copper
bearing materials.

Therefore in order to reduce the number of animsting, as CuSO4 release more ioff*Ghan the
other copper compounds and it is considered thattakic form is the Cif ion, all long term
studies by oral routes could be conducted on Cu&®the worst case.

4.1.2 Human information

Literaturereview on ADME

Copper is a micronutrient. It is essential for l#ad is employed in all living cells. It is used in
many enzyme systems, particularly in energy tranafeere the property of electron transfer is
exploited in photosynthesis and catabolism. Itlteen the subject of intense research.

Copper is present in almost all foods, with somedfo (nuts, shellfish, chocolate) naturally
containing more than 20 ppm copper.

Most human diets naturally include between 1 andn@person/day of copper, with some
containing up to 4 mg/person/day. Copper levelsdlood and tissues are generally stable. The body
is able to maintain a balance of dietary coppekiatand excretion that allows normal physiological
processes to take place.

As with all micronutrients (minerals), copper issaltbed, used, stored and excreted. This applies at
the level of the individual cell, at the organ aaidthe level of the whole organism. The cell
membrane transport mechanisms for copper have $teeied extensively, and the genetic codes
for the individual transporter proteins are vemyitar in many different organisms: bacteria, fungi
and fish, indicating that the process is ancient.

The copper transport mechanisms at the level of dtganism form part of the system of
homeostasis, the process by which the levels opaom the body (and ultimately the cell) are
regulated. Copper can be considered to show aeriledt “U”-shaped dose-response curve.

The left side of the “U” curve represents déitcy, where intake is less than the requiremenis T
can be lethal, especially in children, where copigeneeded for growth. Copper deficiency is
associated with growth retardation, anaemia, ségiohs, impaired immunity, intestinal atrophy,
impaired cardiac function, reproductive disturbanoeurological defects and skeletal lesions.
Copper is essential for normal physiological fumetisuch as cellular respiration, free radical
defence, synthesis of melanin, connective tissws, metabolism, regulation of gene expression,
and normal function of the heart, brain and immsystem.

The central near-horizontal part of the “U” curveepresents homeostasighere intake and
excretion are balanced, and copper levels aretgdid normal.

The right-hand part of the “U” represents toxicity excess copper disease.

The natural homeostatic regulation of copper mehas an individual on a low copper diet will
retain more of an artificial dose of copper thanrahividual on a high copper diet.



CLH REPORT FOR COPPER FLAKES (COATED WITH ALIPHATIRCID)

4.1.3 Summary and discussion on toxicokinetics

Copper is widely distributed in biological tissuegjere it occurs largely in the form of organic
complexes, many of which are metalloproteins amittion as enzymes. Copper enzymes are
involved in a variety of metabolic reactions, suabk the utilisation of oxygen during cell
respiration and energy utilisation. They are atsmived in the synthesis of essential compounds,
such as the complex protein of connective tissfidiseoskeleton and blood vessels, and in a range
of neuroactive compounds concerned in nervousdifisuction.

Copper is present in almost all foods, most humatisdnaturally include between 1 to 2
mg/person/day of copper, with some containing ug tog/person/day. Copper levels in blood and
tissues are generally stable; the body is able dmtain a balance of dietary copper intake and
excretion that allows normal physiological procastgetake place. Up to 93 % of the copper in the
blood is bound to the enzyme caeruloplasmin, with rhajority of the rest bound to albumin and
amino acids; there is strong evidence that absatbpger is never released free in the blood or in
the cells.

A bioequivalence study was performed to comparepepphydroxide, copper oxychloride,
Bordeaux mixture, tribasic copper sulphate and eofip oxide with copper sulphate pentahydrate
on bile cannulated rats. Absorption, distributiord a&xcretion rates were similar between the six
variants of copper following oral ingestion of 2@ r@u/kg bw; liver was the principal organ of
regulation of copper and main excretion was via Hie. Liver copper levels increased
significantly following dosing with Faxat 12 hours; depuration was rapid, with levelsmanhg to
control by 48 hours after dosing. Plasma conceaotratin both control and dose rats remained
unchanged.

Oral absorption of copper varies according to tie¢ dor humans a copper-adequate diet results in
36 % absorption, while a low copper diet resultSérfo absorption and a high copper diet in 12 %
absorption. Similar figures were found in rat, 5%l absorption was considered for this specie.
Distribution was directly from the intestine to tiner, which controls the distribution of copper t
the rest of the body via the bloodstream, bounddxuloplasmin. Metabolism does not occur.
Copper do not accumulate except in cases of gedetgase or chronic administration of high
doses, where copper accumulates in the liver. Erordés rapid, via the bile, in a trypsin-
independent protein fragment such that entero-fematculation does not occur. Significant
amounts of copper are excreted bound to metallogns contained in intestinal brush border cells
sloughed off and lost in faeces; minor amountsaége excreted in urine and from skin and hair.

4.2  Acute toxicity
The acute toxicity of coated copper flake has bheeestigated in a number of studies.

Table 11: Summary table of relevant acute toxisitydies
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Method | Results | Remarks | Reference
Oral

Rat LDsgo = 300-500 mg/kg bw combined OECD 423 Sanders A.
Sprague-Dawley GLP (2001d)

3 female at 200( Deviation

mg/kg bw and 3 Purity: not stated

;eorgarlneg /igdbvi male at Vehicle: arachis oil BP

Coated copper flake

Acute exposure

14 days post exposurg

Inhalation

Rat LCs (4 h) =1.03 mg/l (Males and females combined) OECD 403 Wessen CM.
Sprague-Dawley LCso (4 h) = 0.733 mg/l (Males only) GLP (2001)

5 or 10/sex/group LCs (4 h) = 1.67 mg/l (Females only) No deviations

Coated copper Purity : not stated

flake Dust

0.59-2.13 mg/L

(MMAD =4.49-

5.86um)

Nose only

4 housr exposure

14 days post exposurg

Dermal

Rat LDso > 2000 mg/kg bw OECD 402 Sanders A.
Sprague-Dawley GLP (2001b)
5/sex Deviation

Coated copper flake
2000 mg/kg bw

(limit test)
24h exposure

14 days post-exposurd

Purity: not stated
Semi-occlusive
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4.2.1 Non-human information

4.2.1.1 Acute toxicity: oral

Reference: Sanders A. (2001d)

Guideline:  OECD 423
GLP: Yes
Deviations Yes
* Information on the test material including the ato and the purity were not
provided,
* no justification for the choice of vehicle was pidad,
* due to a technical error, the presence of any nsaopic abnormalities for the female
animal treated with 2000 mg/kg bw that was killec&ektremis was not recorded.

These deviations are not considered to have inflerihe outcome or the integrity of the
study.

A group of three fasted females Sprague-Dawleywatstreated with 2000 mg/kg bw. Based
on the results from this dose level further groap8 male and 3 female fasted animals were
treated at a dose level of 200 mg/kg bw.Dosing peatormed sequentially. The test material
was administered orally by gavage as a suspensiarachis oil BP.

The animals were observed for deaths or overt sojrexicity ¥2, 1, 2 and 4 hours after
dosing subsequently once daily for up to 14 days.

Individual bodyweights were recorded prior to dgsind seven and fourteen days after
treatment.

At the end of the observation period the survivamgmnals were killed by cervical dislocation.
Animals were subject to a gross necropsy. This istets of an external examination and
opening of the abdominal and thoracic cavities éaamination of major organs. The
appearance of any macroscopic abnormalities wasded. No tissues were retained.

Due to a technical error, the presence of any nsaomc abnormalities for the female
animals treated with 2000 mg/kg bw that was killadextremis was not recorded. This
deviation was considered not to affect the purmwsetegrity of the study.

Two animals treated with 2000 mg/kg bw were fourddifive days after dosing. One animal
treated with 2000 mg/kg bw was killed in extremigh¢ days after dosing. There were no
deaths noted at a dose level of 200 mg/kg bw.

Signs of systemic toxicity noted in animals treatgith 2000 mg/kg bw were hunched
posture, lethargy, pilo-erection, diarrhoea, desedarespiratory rate, laboured respiration,
ataxia, pallor of the extremities, emaciation, dgtgait and faeces stained green. Hunched
posture was noted during the day of dosing anddayeafter dosing in one male treated with
200 mg/kg bw. No other signs of systemic toxicitgrer noted in animals treated with 200
mg/kg bw.

The surviving animals showed expected gains in vediyht over the study period.
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Abnormalities noted at necropsy of the animalsté@avith 2000 mg/kg bw that died during
the study were abnormally red lungs, dark livertkdeidneys, copper-coloured material
present in the stomach, haemorrhagic gastric mucsisaghing of the non-glandular
epithelium of the stomach and haemorrhagic smallarge intestines.

No abnormalities were noted at necropsy of anitrakgted with 200 mg/kg bw.

The LDsg of the test material was estimated to be in thgeaf 300 - 500 mg/kg bw.

4.2.1.2 Acute toxicity: inhalation

Reference: Wessen CM. (2001)
Guideline: OECD 403

GLP: Yes

Deviations None

The study was designed to investigate the acutatibn toxicity potential of coated copper
flake following a single (nose only) exposure diaurs.

Groups of 5 or 10 Sprague-Dawley rats (five male¥@ 5 females) were exposed during 4
hours to a dust atmosphere of copper at mean azhi@mospheric concentrations of 2.13,
1.68, 1.12, 0.84 or 0.59 mg/I.

Mean Achieved
Group Nominal Atmospheric No of No of
Number Concentration Males females
(mall)

5 10.2 2.13 0 5

3 6.41 1.68 0 5

1 2.64 1.12 5 5

4 2.52 0.84 5 0

2 1.65 0.59 5 0

The percentage of inhalable particles (reported 4s4m) was in the range of 36.3 to 45.4 %;
the Mean Mass Median Aerodynamic Diameter of pagievas in the range of 4.49 to 5.86
pm.

Mean Mass
Median Inhalable Geometric
Group Nominal Aerodynamic Fraction Standard
Diameter (% <4 um) Deviation
(kM)

5 10.2 5.86 36.3 2.94

3 6.41 5.34 38.8 2.73

1 2.64 4.49 45.4 2.74

4 2.52 5.57 38.6 3.12

2 1.65 5.26 40.8 3.25

All animals were observed for clinical signs at Hpuntervals during exposure, immediately
on removal from the restraining tubes at the endxplosure, one hour after termination of
exposure and subsequently once daily for up totéeuar days. Any deaths or evidence of
overt toxicity were recorded at each observation.
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Individual bodyweights were recorded prior to tneaht on the day of exposure and on Days
7 and 14 or at death.

All animals, including those that died during thiedy, were subjected to a full external and
internal examination, and any macroscopic abnotialivere recorded. The respiratory tract
was subjected to a detailed macroscopic examinétiosigns of irritancy or local toxicity.

4/5, 2/5, 5/10, 4/5 and 1/5 animals died at 2.188,11.12, 0.84 and 0.59 mg/l, respectively.
All deaths occurred within 24 h of exposure totis substance.

The male animals appeared less tolerant to therimlateth the earliest death recorded after 3
hours exposure at a mean of 1.12 mg/L (the highkesicentration used for the male
exposures). This compares with the earliest fendai@h recorded immediately after the
completion of the 4-hour exposure at a mean coraigort of 1.68 mg/L.

Dose Group 5 - 2.13 mg/I

During exposure, decreased respiratory rate, lagbrespiration and wet fur were noted in all
animals and there were instancesirafreased respiratory rate and fur staining by tdst
material. On removal from the chamber, animals "tbdecreased or increased respiratory
rate, laboured respiration, hunched posture, mlden, fur staining by the test material and
wet fur and there were instances of pallor of tkFemnities, ataxia, noisy respiration and
cyanosis. One hour after removal, a slight worsgmrthe condition of the surviving animals
was observed.

Post exposure, the surviving animal recovered ivelgt quickly to appear normal from Day
4.

Dose Group 3 - 1.68 mg/l

During exposure, decreased respiratory rate, &inisg by the test material and wet fur were
noted in all animals and laboured respiration wasaon. On removal from the chamber,

surviving animals showed decreased or increasqaragsry rate, noisy respiration, ataxia,

hunched posture, piloerection, fur staining by tbést material and wet fur and there were
instances of laboured respiration, pallor of theeexities, and ptosis. One hour after removal,
a deterioration in the condition of the animals whserved, with hypothermia now observed
for all animals.

Post exposure, animals made a steady recoveryhhdimcal signs such as hunched posture
and noisy respiration persisted. Two animals agaeasymptomatic from Day 6 but noisy
respiration persisted throughout the observatiosiogdor the other survivor.

Dose Group 1 - 1.12 mg/l

During exposure, decreased or increased respiredtayand wet fur were noted in all animals
and laboured respiration and fur staining by tis¢ neaterial were common. On removal from
the chamber, surviving animals showed decreasgita&sy rate, noisy respiration, hunched
posture, piloerection, fur staining by the testenat and wet fur, whilst ataxia, pallor of the
extremities, cyanosis, lethargy and ptosis werguieatly seen. One hour after removal, little
change in the condition of the surviving males waserved, whilst the condition of the
female animals had deteriorated slightly.
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Post exposure, animals made a steady recoveryhhdimcal signs such as hunched posture
and noisy respiration persisted. The female anirmpfgeared asymptomatic from Day 8 but
noisy respiration persisted until Day 12 for thevaung male.

Dose Group 4 - 0.84 mg/l

During exposure, decreased or increased respiredteyand wet fur were noted in all animals
and laboured respiration and fur staining by tis¢ teaterial were common. On removal from
the chamber, surviving animals showed increasegiredsry rate, laboured and noisy
respiration, pallor of the extremities, ptosis, thed posture, piloerection, fur staining by the
test material and wet fur and ataxia was recoraedrfost of the animals. One hour after
removal, little change in the condition of the aalswas observed.

Post exposure, the sole surviving animal recovgueckly to appear normal from Day 3.

Dose Group 2 - 0.59 mg/l

During exposure, decreased or increased respiredtayand wet fur were noted in all animals
and there was a single instance of laboured rdaspirtaOn removal from the chamber,
animals showed decreased or increased respiradtay moisy respiration, hunched posture,
piloerection, fur staining by the test material avet fur and there were instances of laboured
respiration, ataxia and cyanosis. One hour afteoxal, three animals showed slight signs of
recovery whilst the condition of the other two ltederiorated slightly.

Post exposure, respiratory observations diminisived several days leaving hunched posture
as the only clinical sign in surviving animals. Careémal appeared normal from Day 6 and all
animals were asymptomatic from Day 8.

Signs of wet fur, hunched posture, piloerection eedibrown staining around snout and/or
eyes are commonly seen in animals for short peodsemoval from the chamber following
4-hour inhalation studies. These observations amsidered to be associated with the
restraint procedure and, in isolation, are notdative of toxicity.

Table 12: Acute inhalation toxicity study - summaf findings
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Dose Number of dead / | Time of death

[mg/l] number of investigated (range) Observations
2.13 4/5 Day 1 Common clinical observations notedrd) the study
included decreased respiratory rate, laboured nagpm,
1.68 2/5 Day 1l | noisy respiration, hunched posture and piloerecfidrere
were instances of increased respiratory rate, giano
112 5/10 Day 1 ataxia, pallor of the extremities and ptosis whilstoe
084 /5 Day 1 gait, lethargy, sneezing a_nd hypothermia were noted
sporadically.

Reduced bodyweight gain or weight loss was noted In
most surviving animals during the first week of the
recovery period. All surviving animals showed arm i@/

body weight gain at the end of the treatment period

Gross necropsy of premature decedents and survivipg
animals showed abnormal findings in the lungs (eeid,
dark patches, pale, pale patches, dark foci, filietl,
discolouration, haemorrhagic, abnormally dark) kess
frequently in the liver (patchy pallor), small istae
(gaseous distension, dark contents) and largetimees
(gaseous distension).

0.59 1/5 Day 1

Reduced bodyweight gain or weight loss was notadast surviving animals during the first
week of the recovery period. All surviving animatlseowed an overall body weight gain at the
end of the treatment period.

Three rats (one surviving male and one survivingdie from Group 1, and one surviving
male from group 4) were free from abnormal grossasy findings.

Gross necropsy of the remaining premature decedents surviving animals showed

abnormal findings in the lungs (enlarged, dark Ipasc pale, pale patches, dark foci, fluid
filled, discolouration, haemorrhagic, abnormallyldaand less frequently in the liver (patchy

pallor), small intestine (gaseous distension, deoktents) and large intestine (gaseous
distension).

LCso (4 h) = 1.03 (0.692 - 1.38ng/l (Males and females combined)
LCso (4 h) = 0.733 (0.609 - 0.838) mg/l (Males only)
LCso (4 h) = 1.67 (1.41 1.99) mg/l (Females only)

4.2.1.3 Acute toxicity: dermal

Reference: Sanders A. (2001b)

Guideline: OECD 402
GLP: Yes
Deviations Yes

* No information was provided on the specificatiortted sample used in this study,
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» the nature of the clinical observation was not reggb
These deviations are not considered to have inflegthe outcome or the integrity of the
study.

Coated copper flake, moistened with arachis oil B&s applied to the shaven, intact dorsal
skin (approximately 10% of body surface) of 5 matel 5 female Sprague Dawley rats at
2000 mg/kg bw under a semi-occlusive bandage. Aft@d h exposure period the dressing
was removed and the treated skin area was wipddoaiton wool moistened with arachis oil
BP to remove any residual test material.

Animals were observed for deaths and overt signex€ity 0.5, 1, 2 and 4 hours after test
material application and each day thereafter f& tbmainder of the study. Individual

bodyweights were recorded prior to application lué test material, and on day 7 and 14.
Observations for dermal irritation were carried after removal of the dressing and once
daily for 14 days. Dermal irritation was measureahg the Draize scale.

Animals were killed and necropsied after a 14 dhgeovation period. This consisted of an
external examination and opening of the abdomindl thoracic cavity. The appearance of
any macroscopic abnormalities was recorded. Nadsssvere retained.

There were no deaths or clinical signs of systeimeity in this study. All animals showed
expected gains in bodyweight during the study.

Signs of skin irritation noted were very slightuel!l defined erythema, crust formation and
light brown discolouration of the epidermis. Treatrh sites appeared normal two to seven
days after dosing.

No abnormalities were noted at necropsy.

The acute dermal Lig of the test material in the Sprague Dawley rat feasd to be greater
than 2000 mg/kg bw.

4.2.1.4 Acute toxicity: other routes
No data available.

4.2.2 Human information
Inhalation

Little information is available on acute effectshmmans and inhalation of copper-containing
materials.

Published studies on acute effects in humans appédaave focussed on metal fume fever
(MFF)! and possible association with copper exposures Babject has been reviewed
extensively by Boralet al (2000) with the aim of establishing whether thisran association

between exposure to copper and MFF. The reviewb&asd on seven reports, identified in a

1 Metal fume fever (MFF) is a transient illness erhiappears to develop 4-12 hours after occupati@nglosureto metal fume. MFF
presents as an influenza-like illness with cougtt dyspnoea followed by fever, sweating and shigeri@ther accompanying clinical signs
and symptoms are nausea, headache, weakness, ansetablic taste, and muscle and joint pain.
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literature search as the only reports that conthimréginal descriptions of copper-exposed
workers who developed symptoms consistent with MFfese seven reports are summarised
below.

The earliest publication by Hansen (1911) provideorief report of MFF-like symptoms in
10 males working in a research foundry where sc@gper was melted. The symptoms
occurred as an isolated incident. No qualitativewantitative data concerning exposure were
provided. The isolated nature of this incident wassidered by Borakt al to indicate an
association with exposure to contaminants other togper.

Koelschet al (1923) reported the occurrence of symptoms theluded chest discomfort,
shivering, nausea and fever in 10 men performirtgdibng of copper bars in a rolling mill.
The symptoms, which had not previously been astmtiaith the process, resolved in 24
hours. No qualitative or quantitative exposure datae presented. As with the previous
study, the isolated nature of this incident sugegesd Boraket al that contaminants other than
copper were involved.

Friberg and Thrysin (1947) reported MFF-like symdeo in approximately 50 workers
involved in cleaning reactor ovens where pulverisggper was used as a catalyst. During the
cleaning task, heads and faces of the workers veg@rted to be covered in dust consisting
mainly of cuprous and cupric oxides. Initial sympw®included throat discomfort, burning
eyes, nausea and headache, followed by flu-likepsyms, nausea, vomiting, diarrhoea and
chest discomfort. In many workers, symptoms perdisbr more than 72 hours. Quantitative
exposure data was not provided. Dust particles weported to range from 1-15 pm
diameter, with more than 70% >5 um. Given that MERypically associated with fine
particles (< 1 um diameter), Borak al considered that the study did not support assoniat
between copper and MFF. Further, the heavy exposdreated in this study is not generally
associated with occurrence of MFF.

Schiotz (1949) reported the occurrence of initinptoms such as metallic taste, throat
dryness and slight chest oppression, followed lyesimg, sweating and fever among seven
workers involved in pulverising cuprous oxide dgrithe production of marine paint.

Symptoms subsided after 20-30 hours. Quantitativeogure data were not provided,
although the described working conditions indicatedy high levels of exposure.

Gleason (1968) reported symptoms in workers exptseldist generated during polishing of
copper plates with aluminium oxide abrasives. Symst were reportedly similar to “the
onset of a common cold with chills or warmth, sngks of the head, etc”. Lower respiratory
symptoms were not reported, nor were other symptcmasacteristic of MFF. Quantitative
exposure data were limited to a single breathingezeample, indicating 0.12 mgim
although the study’'s author suggested exposurdslenay have been “two or three times”
higher. In this report, symptoms persisted for sgvwseeks until ventilation was introduced, a
feature which is not usually associated with MFFview of the absence of many symptoms
characteristic of MFF and the persistence of tiponted symptoms, Boraét al considered
that the condition was unlikely to be MFF. Furthey;exposure to aluminium oxide was also
likely, a metal also implicated in MFF aetiology.

Hopper (1978) described the single case of a fogumébrker who developed an isolated
episode of symptoms which included headache, cocigbst pain, chills and shortness of
breath. Symptoms occurred shortly after exposuee nwlten alloy of copper, beryllium and
aluminium, which was poured into vessel containahgphol and adhesive glue. Exposure
data were not presented. Borgikal noted the co-exposure to other metals which haen b
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implicated in MFF aetiology and the likely expostmweother potentially harmful substances.
Consequently this case-report was not considerepgr@sding evidence of an association
between copper and MFF.

Armstronget al (1983) reported symptoms of MFF in a group of 2@&rkers after cutting
brass pipes (containing 90% copper, 10% nickel,sandller amounts of zinc) with torches in

a confined space. Symptoms included fever, chikgadache, dyspnoea and nausea. Exposure
data for the different metals were not providethalgh a description of the process indicated
that high exposure levels were likely. As with tpeevious two studies, Borakt al
considered that co-exposure to other metals intelican MFF prevented identification of
copper as the causative agent.

None of the seven studies covered by the reviewiged adequate exposure data, qualitative
or quantitative, to enable identification of theusative agent(s) associated with the reported
symptoms. Further, as noted by Bomtkal there was a lack of any occupational pattern
associated with the MFF symptoms, as indicatechbyrange of industrial processes covered
(foundry work, rolling mill, paint production, metgolishing and pipe cutting). The
conclusion of Boraket al was that, based on the seven studies identifiethenliterature
search, there is insufficient evidence to conclidé exposure to copper dust or fume causes
MFF. Based on data which are currently availabhes tonclusion would appear to be
justified.

Dermal

Thare are no published data on acute dermal efééctspper or copper compounds.
Oral

Self-poisoning

Self-poisoning with copper sulphate is rare in wastcountries but has been a common
method of suicide among low income groups in some@asaof India. The most extensive
study concerns 48 cases, including 7 fatalitie84)lsdmitted to one hospital in Delhi and 5
fatalities reported to other Dehli hospitals (Chaotet al, 1965). The most frequent symptoms
observed in subjects were nausea, epigastrial toyrand vomiting. In addition, diarrhoea
was reported in 14 patients (29%). Biopsy examomatif fatalities indicated deep erosions in
gastric mucosa, haemorrhage in the stomach and sm@dtine and oedema in the sub
mucosa. Jaundice of variable severity occurred 18 cases (23%). In the more severe
cases, palpable liver enlargement, significantlevaled serum glutamic oxaloacetic
transaminase (SGOT, 252.4 +142 IU) and elevatenubih (112 +£8.9 mgl/litre) were
observed. Biopsy examination of liver tissue fratafities showed centrilobular necrosis and
biliary stasis. Post-mortem examination also in@idaswollen and congested kidneys with
glomerular swelling and necrosis of tubular ceAswuria was reported in 13/48 patients
(27%) and oliguria in 5/48 (10%). Red discolouratiof urine was observed, with
haemoglobinuria confirmed in some patients. Thesdirfgs suggest haemolysis and are
consistent with other reports. Haematocrit and regplasma appearances were not reported.
Serum or blood levels of copper in the cases wieneated 2- or 3-fold compared to normal
values. Estimated quantities of copper ingestedewssised on patients’ accounts and
therefore are unreliable. Consequently, this sfudyides no reliable data which can be used
for human hazard assessment.

Subsequent case reports describe massive overoosegper sulphate (175 g) by a 22 year-
old Indian male (Mittal, 1972) and 250 g by a 42ryeld US male (Jantsaht al, 1985). Both
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patients survived following rapid chelation therapjth single or multiple injections of
dimercaprol. The amounts ingested were considegalgter than the highest estimated dose
reported by Chuttani and co-workers (1965). Itéf@ne seems probable that survival of these
patients was attributable to immediate chelati@napy.

Accidental ingestion

The ingestion of a relatively small amount of cappelphate (3 g), together with an equal
amount of zinc sulphate, by an 86 year-old femalkéept has also been reported (Hantsbn
al, 1996). The patient was admitted to hospital vamgitblue/green material and she had
diarrhoea. Gastric lavage, dehydration and chelatiberapy with dimercaprol were
performed. The patient then suffered hypotensiomndhial inflammation and ulceration and
a decline in respiratory function. These symptonesewnterpreted as corrosive pneumonitis.
The patient was placed on a mechanical ventiladotHree days and subsequently made a
complete recovery. In this case, the symptoms n@aae lbeen exacerbated by the patient’s
age and health status, but may also have beenatetigo some extent by the co-ingestion of
zinc sulphate which may have served to limit copgaake and the severity of the systemic
effects.

Therapeutic treatment

Systemic effects, including renal damage and thaoytopaenic purpura, were reported in a
17-year old boy who was given 1% copper sulphaten@2day) orally for treating vitiligo
(Pande and Gupta, 1969).

4.2.3 Summary and discussion of acute toxicity

Acute oral studies:

The acute oral LE) in the rat was estimated to be in the range of50® mg/kg bw for
males and females.

Dermal studies:

The acute dermal Lfgin the rat was greater than 2000 mg/kg bw for maled females.

Inhalation studies:

The acute inhalation L{gin the rat were:

LCso (4 h) = 1.03 (0.692 - 1.3%8ng/l (Males and females combined)
LCso (4 h) = 0.733 (0.609 - 0.838) mg/l (Males only)
LCso (4 h) = 1.67 (1.41 1.99) mg/l (Females only)

4.2.4 Comparison with criteria

The oral LBocan be identified as 300-500 mg/kg. The valuewgkin the range (300-2000
mg/kg) for classification as Acute Tox.4 (H302: hdul if swallowed) under regulation (EC)
1272/2008.
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The dermal LBo lies above the classification cut-off of 2000 mglkgder regulation (EC)
1272/2008 therefore no classification is proposed.

The inhalation LG of 0.733 mg/l (for males) lies within the range 5. mg/l) for
classification as Acute Tox.3 (H331: Toxic if inad) under regulation (EC) 1272/2008.

4.2.5 Conclusions on classification and labelling

Based on the results of the acute oral toxicitdists; a classificatioAcute Tox.4-H302is
proposed.

Coated copper flake was found to be toxic to ranbwlation. A classificatioAcute Tox.3-
H331is proposed based on the CLP criteria.

No classification is proposed by dermal route.

RAC evaluation of acute toxicity

Summary of the Dossier submitter’s proposal
Three acute toxicity studies are reported in the CLH report, all conducted with coated
copper flakes in rats.

In an oral study conducted according to OECD TG 423, rats were dosed at 2000 (3
females) and 200 mg/kg bw (3/sex). The LDsy value for males and females combined
was estimated to be between 300 and 500 mg/kg bw (Sanders, 2001d).

No mortalities were seen in a dermal limit dose study conducted according to OECD TG
402 with 5 male and 5 female rats, resulting in an LDsy value >2000 mg/kg bw (Sanders,
2001b).

In an acute inhalation toxicity study, conducted in accordance with OECD TG 403, rats
were exposed nose-only to a dust atmosphere of coated copper flakes for 4 h at doses of
0.59 (5 males), 0.84 (5 males), 1.12 (5/sex), 1.68 (5 females) and 2.13 (5 females)
mg/L (Wesson, 2001). The mean mass median aerodynamic diameter (MMAD) was 4.49-
5.86 ym and the inhalable fraction (<4 pm) was 36.3-45.4%. The LCsy values were
calculated as 0.733 mg/L for males, 1.67 mg/L for females and 1.03 mg/L for males and
females combined.

As the estimated oral LDsy value lay within 300 and 2000 mg/kg bw, the dossier
submitter proposed classification as Acute Tox. 4 — H302. No classification was proposed
for acute dermal toxicity as the dermal LDsy value was above the classification cut-off of
2000 mg/kg bw. With the lowest LCsq value lying within the range 0.5-1 mg/L
(dusts/mists), the dossier submitter further proposed classification as Acute Tox. 3 -
H331.

The CLH report also contains a review of seven studies reporting on a possible
association between copper exposure and Metal Fume Fever (MFF) in humans (Borak et
al., 2000). MFF presents as an influenza-like illness with cough and dyspnoea followed by
fever, sweating and shivering, accompanied by nausea, headache, weakness, a sweet
metallic taste and muscle and joint pain. The dossier submitter concluded (in agreement
with the authors of the review) that none of the reports contain enough conclusive
evidence to associate copper fumes or particles with MFF. Another review (Chuttani et
al., 1965) reports on several cases of self-poisoning by oral ingestion of copper sulphate.
Intoxication is associated with nausea, epigastric burning, vomiting, diarrhoea,
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ulcerations of the gastric and intestinal mucosa, and liver and kidney histopathology.
Rapid chelation therapy increases survival.

Comments received during public consultation

One MSCA agreed with the proposed classification. Two industry associations submitted
identical comments expressing their disagreement with the proposed classification for
acute inhalation toxicity and presented a new study for this endpoint. The full study
report was provided as a confidential attachment but a summary of the results was
presented in their comments. In this new acute inhalation toxicity study (conducted in
accordance with OECD TG 436), groups of 3 rats/sex were exposed nose-only for 4 h to
either 1.24 or 5.11 mg/L aliphatic acid coated copper flakes (KU 7600 standard
material”; as dry aerosol) with an MMAD of 3.477 um (Leuschner, 2011). No mortalities
were observed and the LCsy value was determined to be >5.11 mg/L. The industry
associations questioned the validity of the earlier Wesson (2001) study based on lack of
information on the test substance, considerable variations in the test concentrations over
the exposure period and the particle size tested (around 5 pm). They argued that the
new study by Leuschner (2011) is more reliable and that based on the result of that
study, coated copper flakes does not need to be classified for acute inhalation toxicity.

In their response, the dossier submitter still considered the study of Wesson (2001) to be
reliable, and argued that the information on the test substance was sufficient and that
the larger particle size would also in fact serve to underestimate the hazard. The dossier
submitter therefore maintained the proposal for Acute Tox. 3 - H331.

Assessment and comparison with the classification criteria

Based on a comparison of the available LDsy values in rats with the criteria, RAC agrees
with the conclusion of the dossier submitter that copper flakes should be classified for
acute oral toxicity with Acute Tox. 4 — H302. RAC also concludes that the available
dermal LDsq value does not warrant classification for acute dermal toxicity.

For the inhalation route, the available LCsy values indicate either Acute Tox. 3 (based on
the 2001 Wesson study) or no classification (based on the 2011 Leuschner study). In the
Wesson (2001) study, coated copper flakes (fatty acid stabiliser component not given)
with a particle size MMAD of around 5 ym (4.49-5.86 uym, geometric mean standard
deviation (GSD) 2.73-3.25) was tested. This is above what is currently required for
aerosols in acute inhalation toxicity testing (MMAD 1-4 uym, GSD 1.5-3). For the
Leuschner (2011) study (type of aliphatic acid not specified) the MMAD (3.477 um) and
GSD (2.61-2.77) were within these specifications. According to the industry comments
provided during public consultation, the test concentrations in the Wesson (2001) study
were not stable: all exceeded the required 15 or *25% of the mean achieved
concentration at various time points during the exposure period, and were also high (15-
70% above the mean value) at the beginning. Variation in the Leuschner study was
considerably less: 1.24 £ 0.03 mg/L and 5.11 £ 0.02 mg/L. RAC however considers it
questionable whether these factors can explain the differences found in the results. The
particle size in the Wesson (2001) study may have been a little bit higher than
recommended, but not so high that most of the material deposited in the respiratory
tract would be translocated to the gastrointestinal tract (indeed, the inhalable fraction
was still 36.3-45.4%). Hence, it is not so likely that the acute toxicity was determined by
that of the oral route, for which classification was already proposed by the dossier
submitter. The mean achieved test concentrations in the Wesson (2001) study were only
20-40% of the nominal concentrations and may have been variable, but they never
exceeded the dose range that was tested in the Leuschner (2011) study, where these
concentrations did not result in mortality. Industry further suggested that, given the
production technology at the time of the Wesson (2001) study, zinc stearate may have
been the additive in the copper flakes tested. As zinc distearate (EC no 209-151-9) is
neither harmonized nor self-classified for acute toxicity via inhalation by any notifier to
the C&l Inventory, this also does not seem to provide an explanation for the differences
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observed

Without sufficient reasons to discard the results of the Wesson study, RAC agrees with
the conclusion of the dossier submitter that coated copper flakes should be classified for
acute inhalation toxicity with Acute Tox. 3 — H331.

4.3  Specific target organ toxicity — single exposure (80T SE)

4.3.1 Summary and discussion of Specific target organ tacity — single exposure

The human has well recorded homeostatic mecharsmsntrol excess copper levels in the
body by a combination of decreased absorption amckeased excretion. Human

epidemiological data is available however informatis limited regarding doses consumed
and exposure. Acute toxicity in humans is infrequemd generally results from ingestion of
contaminated foodstuffs/beverages, for suicide @s&p.

A paper by Chuttani (Chuttaeit al 1965) reviewed 53 cases of copper sulphate pimigon

with ingestion varying between 1 and 100g. Jaundias recorded as a symptom with post
mortem examinations showing that the liver had sigh severe histological changes. A
kidney biopsy showed swelling and necrosis in tvabigmts, and following an autopsy of

patients who had died, a congested kidney was wddeEmesis and irritation of the gastric
mucosa was observed in all patients.

A case was reported where a male ingested an estini&5g of copper sulphate, renal
damage was observed (Mittal, 1972).

In acute animal studies with copper the followinigiical signs and necropsy findings were
observed.

Considering the study of Sanders A. (2001d), agafithree fasted females Sprague-Dawley
rats was treated with 2000 mg/kg bw. Based ondhalts from this dose level further groups
of 3 male and 3 female fasted animals were tregiteddose level of 200 mg/kg bw.

Two animals treated with 2000 mg/kg bw were fourddifive days after dosing. One animal
treated with 2000 mg/kg bw was killed in extremigh¢ days after dosing. There were no
deaths noted at a dose level of 200 mg/kg bw.

Signs of systemic toxicity noted in animals treateih 2000 mg/kg bw were hunched
posture, lethargy, pilo-erection, diarrhoea, desedarespiratory rate, laboured respiration,
ataxia, pallor of the extremities, emaciation, dgtgait and faeces stained green. Hunched
posture was noted during the day of dosing anddayeafter dosing in one male treated with
200 mg/kg bw. No other signs of systemic toxicitgrer noted in animals treated with 200
mg/kg bw.

The surviving animals showed expected gains in vediyht over the study period.
Abnormalities noted at necropsy of the animalsté@avith 2000 mg/kg bw that died during
the study were abnormally red lungs, dark livertkdkidneys, copper-coloured material
present in the stomach, haemorrhagic gastric mucsisaghing of the non-glandular
epithelium of the stomach and haemorrhagic smalllarge intestines.

No abnormalities were noted at necropsy of anitrakted with 200 mg/kg bw.
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Considering the inhalation exposure, groups of Sl@rSprague-Dawley rats (five males
and/or 5 females) were exposed during 4 hours tlust atmosphere of copper at mean
achieved atmospheric concentrations of 2.13, 11682, 0.84 or 0.59 mg/l in the study of
Wessen C.M. (2001).

4/5, 2/5, 5/10, 4/5 and 1/5 animals died at 2.188,11.12, 0.84 and 0.59 mg/l, respectively.
All deaths occurred within 24 h of exposure totis substance.

Common clinical observations noted during the stuthuded decreased respiratory rate,
laboured respiration, noisy respiration, hunchedtye and piloerection. There were
instances of increased respiratory rate, cyanasiia, pallor of the extremities and ptosis
whilst tiptoe gait, lethargy, sneezing and hypatharwere noted sporadically.

Reduced bodyweight gain or weight loss was notedast surviving animals during the first
week of the recovery period. All surviving animalsowed an overall body weight gain at
theend of the treatment period.

Gross necropsy of premature decedents and survanimgals showed abnormal findings in
the lungs (enlarged, dark patches, pale, pale estatark foci, fluid filled, discolouration,
haemorrhagic, abnormally dark) and less frequenttize liver (patchy pallor), small intestine
(gaseous distension, dark contents) and largetimeegaseous distension).

Considering the dermal exposuoepper, moistened with arachis oil BP, was appieethe
shaven, intact dorsal skin (approximately 10% oflypgurface) of 5 male and 5 female
Sprague Dawley rats at 2000 mg/kg bw under a senlusive bandage during 24h in the
study of Sanders A. (2001b).

There were no deaths or clinical signs of systeimecity in this study. All animals showed
expected gains in bodyweight during the study.

Signs of skin irritation noted were very slightuel!l defined erythema, crust formation and
light brown discolouration of the epidermis. Treatih sites appeared normal two to seven
days after dosing. No abnormalities were noteckatapsy.

4.3.2 Comparison with criteria

There was no clear evidence of any specific toXfeces on a target organ or tissue in
experimental studies. Clinical signs of toxicityre@bserved after single exposures to copper
but were transient in nature and are consideréa@ tanspecific signs of general acute toxicity.

4.3.3 Conclusions on classification and labelling

No classification as STOT-SE under regulation (EZJ2/2008 is proposed. No classification
or SCLs are considered necessary.

RAC evaluation of specific target organ toxicity — single exposure (STOT
SE)

Summary of the Dossier submitter’s proposal

No clear evidence of specific toxic effects on organs was reported in the acute toxicity
studies. Clinical signs of toxicity were transient in nature and considered to be unspecific
signs of general acute toxicity. The dossier submitter concluded that no classification is
warranted for STOT SE.

Comments received during public consultation
No comments were received during the public consultation.
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Assessment and comparison with the classification criteria

In the available acute toxicity studies, no clinical signs of toxicity but some signs of skin
irritation (erythema, crust formation) were observed following dermal exposure.
Following oral exposure, signs of toxicity were mainly observed at the lethal dose level of
2000 mg/kg bw and included hunched posture, lethargy, piloerection, diarrhoea,
decreased respiration rate, laboured respiration, ataxia, tiptoe gait and emaciation. At
the non-lethal dose level of 200 mg/kg bw, hunched posture was noted in one male rat
only, on the day of dosing and 1 day thereafter.

In the acute inhalation study by Wesson (2001), clinical signs included decreased or
increased respiratory rate, laboured and noisy respiration, hunched posture, piloerection,
and sometimes also ataxia, cyanosis, ptosis and lethargy, with abnormal findings upon
necropsy mostly seen in the lungs (enlarged, pale or dark patches, dark foci,
discolouration, haemorrhagic). Most surviving animals were asymptomatic within 3-8
days after exposure, but noisy respiration was seen in one animal until day 12 and in
another one throughout the observation period. Clinical signs in the Leuschner (2011)
study included slight to moderate ataxia, tremor and dyspnoea and at the high dose also
slightly reduced motility, all of which had reversed within 5 days after treatment.

The signs observed are not indicative of specific organ toxicity, narcotic effects or clear
(respiratory tract) irritation. Due to the general and transient nature of the observed
effects, and the fact that they mostly occurred at lethal dose levels whereas coated
copper flakes is already proposed to be classified for lethality, no classification is
warranted. In human self-poisoning cases the most frequently observed symptoms
(nausea, epigastric burning, vomiting, diarrhoea) are also indicative of non-specific,
general acute toxicity. RAC therefore agrees with the conclusion of the dossier submitter
that coated copper flakes should not be classified for specific target organ toxicity -
single exposure (STOT SE).

4.4 Irritation

4.4.1 Skin irritation

Table 13: Summary table of relevant skin irritat&iudy
Method Results Remarks Reference
Rabbit Average score 24, 48, 72h: OECD 404 Sanders A.
New Zealand white Intact skin: GLP (2001a)
3 animals Erythema: 0.0 Deviation
Coated copper flake Oedema.: OO Pur|t.y: not st.ated

Not a skin irritant. Semi-occlusive

0.5g
4 hours of exposure
72 hours post exposure

4.4.1.1 Non-human information

Reference: Sanders A. (2001a)
Guideline:  OECD 404

GLP: Yes

Deviations Yes

* The rationale fom vivotesting,
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» test substance purity (not provided by the sponsor)
* individual animal weight at the conclusion of tlestt
* housing conditions.

These deviations are not considered to have inflerihe outcome or the integrity of the
study.

An amount of 0.5 g of coated copper flake, moistength 0.5 ml of distilled water, was
applied to the shaven, intact dorsal skin of 3 Né&saland White rabbits under a semi-
occlusive bandage. After a 4 h exposure perioditeesing was removed and any excess test
article was removed by swabbing with cotton woadhkem in 74 % Industrial Methylated
Spirits.

Approximately one hour following the removal of thatches, and 24, 48 and 72 hours later,
the test sites were examined for evidence of pyniaitation and scored according to the
scale below:

Erythema and Eschar Formation Value

No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3

Severe erythema (beet redness) to slight eschar
formation (injuries in depth) 4

Oedema Formation

No oedema 0
Very slight oedema (barely perceptible) 1
Slight oedema (edges of area well-defined by defiraising) 2
Moderate oedema (raised approximately 1 millimetre) 3

Severe oedema (raised more than 1 millimetre and

extending beyond the area of exposure) 4

No skin irritation was noted in this study (tablkddw).
Average scores for erythema and edema at 24, 482ahdurs were 0.

The pH of a 10 % w/v aqueous preparation of thenederial was approximately 7.0.

Table 14: Dermal irritation scores
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. . Reading Animal/Sex
Skin reaction
(hours) 34/Female 35/Male 36/Male
1 0 0 0
Erythema/ 24 0 0 0
Eschar formation 48 0 0 0
72 0 0 0
Mean scores (24, 48 and 72 h) 0 0 0
1 0 0 0
24 0 0 0
Oedema Formation
48 0 0 0
72 0 0 0
Mean scores (24, 48 and 72 h) 0 0 0




CLH REPORT FOR COPPER FLAKES (COATED WITH ALIPHATIRCID)

4.4.1.2 Human information

No data available.

4.4.1.3 Summary and discussion of skin irritation

Study available was performed with 3 rabbits Newlded. Coated copper flake was non irritating
to rabbit skin. Mean scores for oedema and eryth@##o 72 h) were 0.

4.4.1.4 Comparison with criteria

1) Criteria in the CLP classification:

A substance shall be classified as irritant in@artg 2 if in at least 2 of 3 tested animals medne/a
for erythema/eschar or for oedema is between 213tdhfrom gradings at 24, 48 and 72 hours after
patch removal or, if reactions are delayed, froadgs on 3 consecutive days after the onset of skin
reactions. If inflammation persists to the endhaf tbservation period normally 14 days in at |I@ast
animals, particularly taking into account alopeflimited area), hyperkeratosis, hyperplasia, and
scaling, substance shall be also considered temitrri

2) Comparison with criteria:

Here, means scores 24 to 72 hours for erythemaeaeima were 0.0

4.4.1.5 Conclusions on classification and labelling

In this context,Coated copper flakeloes not support classification for skin irritatiomder CLP
regulation criteria.

RAC evaluation of skin corrosion/irritation

Summary of the Dossier submitter’s proposal

One skin irritation study with rabbits, conducted with coated copper flakes according to
OECD TG 404, is reported in the CLH report (Sanders, 2001a). As no erythema or
oedema was observed in any animal at any time point, the dossier submitter concluded
that coated copper flakes should not be classified for skin irritation.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

Given that all three test-animals scored zero for both erythema and oedema over
24/48/72 h in the available skin irritation study, RAC agrees with the conclusion of the
dossier submitter that coated copper flakes should not be classified for skin irritation.
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4.4.2 Eye irritation

Table 15: Summary table of relevant eye irritatstundy

Method Results Remarks Reference
Rabbit Scores OECD 405 Sanders A.
New Zealand white Cornea: 1 GLP (2001c)

3 animals Iris: 0.57 Deviation

Coated copper flake
0.1ml (right eyes)

Conjunctival redness and
chemosis: 1.8 and 1.13

Purity: not stated

Not an eye irritant.

4.4.2.1 Non-human information

Reference: Sanders A. (2001c)
Guideline:  OECD 405

GLP: Yes

Deviations Yes

* The test report does not provide a rationalrorivo testing,
» test material information including purity and datw is not available.

These deviations are not considered to have infleithe outcome or the integrity of the study.

Eye irritation potential of coated copper flake wasgestigated in 3 female New Zealand White
rabbits.

Initially, a single rabbit was treated. A volume @fL ml of coated copper flake (ca.72 mg) was
placed into the conjunctival sac of the right efpemed by gently pulling the lower lid away from
the eyeball. The upper and lower eyelids were twddther for about one second immediately after
treatment, to prevent loss of the test materiad, ten released. The left eye remained untreated
and was used for control purposes. After consideraif the ocular response in the first animal 2
further animals were treated in the same manner.

Assessment of ocular damage/irritation was madeoappately 1 hour and 24, 48 and 72 h
following treatment, according to the numerical laa#ion given below. Any other ocular effects
were also noted. Examination of the eye was fatdd by the use of the light source from a
standard ophthalmoscope. Additional observationsewsade on Days 7 and 14 to assess the
reversibility of the ocular effects.
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1. CONJUNCTIVAE

(A)  Redness (refers to palpebral and bulbar conjunctivae excluding cornea and iris)

Vessels normal

Vessels definitely injected above normal

More diffuse, deeper crimson red. individual vessels not easily discernible
Diffuse beefy red

(B) Chemosis

No swelling

wW N - O

-

Any swelling above normal (includes nictitating membrane)
Obvious swelling with partial eversion of lids

Swelling with lids about half closed

Swelling with lids half closed to completely closed

(C) Discharge

No discharge 0
Any amount different from normal (does not include small amounts observed in inner canthus of 1
normal animals)

bW -

Discharge with moistening of the lids and hairs just adjacent to lids 2
Discharge with moistening of the lids and hairs a considerable area around the eye 3
THE TOTAL SCORE=(A+B+C)x2 MAXIMUM TOTAL =20
2. IRIS
(D) Values
Normal 0
Folds above normal, congestion. swelling, circumcorneal injection (any or all of these or combination 1
of any thereof) iris still reacting to light (sluggish reaction is positive)
No reaction to light. haemorrhage, gross destruction (any or all of these) 2
THE TOTAL SCORE=Dx$ MAXIMUM TOTAL = 10
3. CORNEA
(E) Degree of Opacity (most dense area used)
No opacity 0
Scattered or diffuse areas, details of iris clearly visible 1
Easily discernible translucent areas. details of iris slightly obscured 2
Opalescent areas, no details of iris visible. size of pupil barely discernible 3
Opagque. iris not discernible through the opacity 4
(F)  Area of Cornea Involved
One quarter (or less) but not zero 1
Greater than one quarter but less than haif 2
Greater than half but less than three quarters 3
Greater than three quarters. up to whole area 4

THE TOTAL SCORE=(ExF) x5 MAXIMUM TOTAL = 80
MAXIMUM TOTAL SCORE POSSIBLE = 110
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Individual and total ocular scores are summarinethé table below:

IPR=2 IPR=2 IPR=2
Rabbit Number and Sex
110 Female 174 Female 176 Female
Time After Treatment ! 24 48 72 7 ! 24 48 72 7 14 1 24 48 72 7 14
hour | hours | hours | hours | days | hour | hours | hours | hours | days | days | hour | hours | hours | hours | days | days

CORNEA
E = Degree of Opacity 0 0 0 0 0 0 1 1 1 0 0 0 2 2 2 2 0
F = Area of Opacity 0 0 0 0 0 0 2 2 I 0 0 0 2 2 2 1 0
Score (ExF)x S 0 0 0 0 0 0 10 10 5 0 0 0 20 20 20 10 0
IRIS
D 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0
Score (D x 5) 0 0 0 0 0 0 5 5 0 0 0 0 5 5 5 5 0
CONJUNCTIVAE
A = Redness 1 2 2 1 0 1 2 2 1 1 0 1 2 2 2 1 0
B = Chemosis 1 1 1 0 0 1 2 1 0 0 0 1 2 2 1 0 0
C = Discharge 18f 28f 1Sf 1Sf 0 28f 18f 1Sf 18f 0 0 1Sf 28f 18f ISt 1 0
Score(A+B+C)x2 6 10 8 4 0 8 10 8 4 2 0 6 12 10 8 4 0
Total Score 6 10 8 4 0 8 25 23 9 2 0 6 37 35 33 19 0

Copper-coloured staining of the eyelids and furuatbthe treated eye was noted in all animals
during the study.

Diffuse or translucent corneal opacity was notedwo treated eyes at the 24, 48 and 72-hour
observations. Translucent corneal opacity persisiete treated eye at the 7-day.

Iridial inflammation was noted in two treated eytshe 24 and 48-hour observations and persisted
in one treated eye at the 72-hour and 7-day obensa

Minimal to moderate conjunctival irritation was adtin all treated eyes one hour after treatment
with moderate conjunctival irritation at the 24 af@-hour observations and minimal to moderate
conjunctival irritation at the 72-hour observatidtinimal conjunctival irritation was noted in two
treated eyes at the 7-day observation.

One treated eye appeared normal at the 7-day aigemand two treated eyes appeared normal at
the 14-day observation.

Average scores after 24, 48 and 72 hours are pgesséor each animal:

Mean scores Cornea Iris Conjunctivae

(24,48,72h) | opacity | lesion | redness| chemosis
Animal No. 1 (110),  © 0 1.7 07
Animal No. 2 (174) 1 0.7 1.7 1
Animal No. 3 (176)] 2 1 2 17

In this study the test material showed a slighepbél to induce eye irritation.
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4.4.2.2 Human information

No data available

4.4.2.3 Summary and discussion of eye irritation

In the study available, average scores for cormisaconjunctiva redness and chemosis were equal
to 1, 0.57, 1.8 and 1.13 respectively.

4.4.2.4 Comparison with criteria

1) Criteria in the CLP classification :

A substance shall be classified as a substancéwbiad induce reversible eye irritation, classifie
in Category 2 (irritating to eyes), if when appliedthe eye of an animal, a substance produces:

* Atleastin 2 of 3 tested animals, a positive reseoof:
Corneal opacity 1 and/or

Iritis = 1 and/or
Conjunctival redness 2 and/or
Conjunctival oedema 2

Calculated as the mean scores following gradiifa#8, and 72 hours after instillation of the test
material, and which fully reverse within an obseiva period of 21 days.

2) Comparison with criteria:

Average scores for cornea, iris, conjunctiva redreasd chemosis were equal to 1, 0.57, 1.8 and
1.13 respectively and therefore under the valuashwiequire classification.

4.4.2.5 Conclusions on classification and labelling

In this context,coated copper flakeloes not support classification for eyes irritationder CLP
regulation criteria.

RAC evaluation of eye damage/irritation

Summary of the Dossier submitter’s proposal

One eye irritation study with rabbits, conducted with coated copper flakes according to
OECD TG 405, is reported in the CLH report (Sanders, 2001c). The mean scores per
animal over the 24/48/72 h time period are reported in the table below.

Corneal Iritis Conjunctival Conjunctival

opacity redness chemosis
Animal #1 0 0 1.67 0.67
Animal #2 1 0.67 1.67 1
Animal #3 2 1 2 1.67
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The eye of animal #1 appeared normal on day 7, the eyes of animals #2 and 3 on day
14. By averaging the individual scores for all animals together, the dossier submitter
arrived at mean scores of 1, 0.57, 1.8 and 1.13 for corneal opacity, iritis, conjunctival
redness and chemosis, respectively, and concluded that these were below the values
requiring classification. Hence, the dossier submitter proposed no classification for eye
irritation.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

Coated copper flakes caused signs of irritation in the available eye irritation study. All
effects were shown to be reversible within 21 days. Whereas the mean scores over 24-72
h were below the threshold values for classification for iritis, conjunctival redness and
chemosis (21, =22 and =2, respectively), the mean score for corneal opacity over 24-72 h
was at or above the threshold value for classification (=1) in 2 of the 3 tested animals.
The mean score over all three animals (1) was also at this threshold value. In contrast to
the dossier submitter, RAC therefore concludes that coated copper flakes fulfilled the
criteria for classification and that it should therefore be classified as Eye Irrit. 2 - H319.

4.4.3

Respiratory tract irritation

No data available.

4.5

Corrosivity

No data available.

4.6  Sensitisation
4.6.1 Skin sensitisation
Table 16: Summary table of relevant skin sensitinastudy
Method Results Remarks Reference
Guinea pigs 0/10 test animals reveals OECD 406 Sanders A.
Dunkin-hartley positive reactions and 0/5 GLP (2001e)
Maximization test control ar.1|.rr?als Deviation
10 test animals 5 control animals Not sensitising. Purity: not stated
Coated copper flake

4.6.1.1 Non-human information

Reference: Sanders A. (2001e)
Guideline:  OECD 406

GLP:

Yes

Deviations Yes

Information on the test material including the hato and the purity were not provided,
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* nojustification is given for the choice of vehicle

These deviations are not considered to have infleithe outcome or the integrity of the study.

The concentrations of test material to be usedcel stage of the main study were determined by
‘sighting tests’ in which groups of guinea pigs wdreated with various concentrations of test
material. The procedures were as follows:

Selection of Concentration for Intradermal Indutio

Intradermal injections (0.1 ml/injection site) wanade on the clipped shoulder of four guinea pigs,
using a range of concentrations (0.1, 0.5, 1 a#@®w in arachis oil BP). The degree of erythema
at the injection sites was assessed approximately® and 72 hours, and 7 days after injection.
The degree of oedema was not evaluated. Any evedehsystemic toxicity was also recorded. The
animals treated with the 0.5, 1 and 5 % concepimativere killed for humane reasons after the 24-
hour observation, due to the severity of the reastinoted. The highest concentration that caused
only mild to moderate skin irritation, and which svavell tolerated systemically, was selected for
the intradermal induction stage of the main study.

Selection of Concentration for Topical Induction

Two guinea pigs (intradermally injected with Fresn@omplete Adjuvant ten days earlier) were
treated with four preparations of the test matgbal, 25, 10 and 5 % w/w in arachis oil BP). The
50 % w/w concentration was the maximum attainabtecentration. Applications were made to the
clipped flanks under occlusive dressings for anoskpe period of 48 hours. The degree of
erythema and oedema was evaluated approximat@ and 48 hours after dressing removal. One
animal was found dead approximately 48 hours @ftsing. The absence of this animal for the 48-
hour observation was considered not to affect thipgse or integrity of the study.

The highest concentration producing only mild toderate dermal irritation was selected for the
topical induction stage of the main study.

Selection of Concentration for Topical Challenge

Four preparations of the test material (50, 252105 % w/w in arachis oil BP) were applied to the
clipped flanks of two guinea pigs under occlusivesgings for an exposure period of 24 hours.
These guinea pigs did not form part of the mainytwut had been treated identically to the control
animals of the main study, up to Day 14. The degreerythema and oedema was evaluated
approximately 1, 24 and 48 hours after dressingox@i The highest non-irritant concentration of

the test material and one lower concentration vgetected for the topical challenge stage of the
main study.

Selection of Concentration for Intradermal Induitio

The animals treated with 0.5, 1 and 5 % w/w in laioil BP were killed for humane reasons after
the 24-hour observation, due to the severity ofrfaetions noted.
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The animal receiving 0.1 % showed mild to modersiten irritation; this concentration was
tolerated systemically and was selected for thad@rmal induction stage of the main study.

Selection of Concentration for Topical Induction

One of the two sighting study animals was foundddapproximately 48 hours after dosing. The
absence of this animal for the 48-hour observatias considered not to affect the purpose or
integrity of the study.

The highest concentration (50 % w/w) produced onilg to moderate dermal irritation and was
selected for the topical induction stage of themsaiidy.

Selection of Concentration for Topical Challenge

The highest non-irritant concentration (50 % w/w}he test material and one lower concentration
(25 % w/w) were selected for the topical challestgge of the main study.

In a skin sensitisation study by the maximisaticetimd of Magnusson and Kligman, 5 control and
10 treated male albino Dunkin Hartley guinea pigrevtested according to the dosing regime
described below:

Induction of the Test Animals

Shortly before treatment on Day 0 the hair was reeddrom an area approximately 40 x 60 mm on
the shoulder region of each animal with veterir@igpers. A row of three injections (0.1 ml each)
was made on each side of the mid-line into a 20 r#h area. The injections were:

a. Freund's Complete Adjuvant plus distilled watetha ratio 1:1
b. a 0.1 % w/w formulation of the test material inchig oil BP

c. a 0.1 % w/w formulation of the test material in A4 preparation of Freund's Complete
Adjuvant plus distilled water.

Approximately 24 and 48 hours after intradermakdtipn the degree of erythema at the test
material injection sites was evaluated.

On Day 7 the same area on the shoulder region pisadously for intradermal injections was
clipped again and treated with a topical applicatid the test material formulation. A filter paper
patch saturated with the test material formula®® % w/w in arachis oil BP) was applied to the
prepared skin and held in place with a strip ofygial adhesive tape covered with an overlapping
length of aluminium foil. The patch and foil wenarther secured with a strip of elastic adhesive
bandage wound in a double layer around the torgaci animal. This occlusive dressing was kept
in place for 48 hours.

The degree of erythema and oedema was quantifiecand twenty-four hours following removal
of the patches using the scale described in below.

Any other reactions were also recorded.
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EVALUATION OF ERYTHEMA # VALUE
No erythema 0
Barely perceptible erythema +
Discrete or patchy erythema 1
Moderate and confluent erythema 2
Intense erythema and swelling - 3
EVALUATION OF OEDEMA + VALUE
No oedema 0
Very slight oedema (barely perceptible) 1
Slight oedema (edges of area well-defined by definite raising) 2
Moderate oedema (raised approximately 1 millimetre) 3

Severe oedema (raised more than 1 millimetre extending beyond

the area of exposure)

Induction of the Control Animals

The intradermal induction was performed using aniital procedure to that used for the test
animals except that the test material was omitteoh fthe intradermal injections. Injection ‘b’ was

therefore the vehicle alone, injection ‘c’ was &®tbrmulation of the vehicle in a 1:1 preparation
of Freund's Complete Adjuvant plus distilled wa®milarly, the topical induction procedure was

identical to that used for the test animals extegqitthe test material was omitted.

Challenge
Shortly before treatment on Day 21, an area of@pprately 50 x 70 mm on both flanks of each
animal, was clipped free of hair with veterinaryppkrs.

A square filter paper patch, saturated with thenesterial formulation at the maximum non-irritant

concentration (50 % w/w in arachis oil BP) was @&aplo the shorn right flank of each animal and
was held in place with a strip of surgical adhesmge. To ensure that the maximum non-irritant
concentration was used at challenge, the test rab#tra concentration of 25 % w/w in arachis oil

BP was similarly applied to a skin site on the kforn flank. The patches were occluded with an
overlapping length of aluminium foil and securedhna strip of elastic adhesive bandage wound in
a double layer around the torso of each animal.

After 24 hours, the dressing was removed. The ehg# sites were swabbed with cotton wool
soaked in diethyl ether to remove residual matelfigbr to the 24-hour observation the flanks were
clipped using veterinary clippers to remove regrdair.

Approximately 24 and 48 hours after challenge dngssemoval, the degree of erythema and
oedema was quantified (table 17).
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Induction

Skin reactions noted at the intradermal inductidgessof test group animals included intense
erythema and swelling, green/brown coloured demrafosis, eschar and focal eschar.

Staining precluded evaluation of erythema at tipgctd induction sites of test group animals.

Challenge

Brown/grey coloured staining was noted at the @lpahallenge sites of all test and control group
animals at the 24 and 48-hour observations. Theistadid not affect evaluation of skin responses.

No skin reactions were noted at the challenge sitélse test or control group animals at the 24 or
48-hour observations.

Non-concurrent positive control studies with 2-nagtobenzothiazole, showing 90-100 %
incidence of sensitisation, confirmed the sensitiof this assay (table 18).

Under the conditions of this testated copper flakproduced a 0 % (0/10) sensitisation rate.

Table 17: Treatment schedule
Observations/Remarks
Treatment GPMT L . L
give information on irritation effects
day of application
treatmen{ PP
Skin reactions at the intradermal induction sitethe
i 0 intradermal test group animals included intense erythema and
Induction 1 swelling, green/brown coloured dermal necrosis,
eschar and focal eschar.
Induction 2 7 topical Staining precluded evaluation of erythema
No skin reactions were noted at the challenge sitgs
Challenge 21 topical the test or control group animals at 24 and 48 hqur
observations.
Table 18: Result of skin sensitisation test

Table A6.1.5-2 Result of skin sensitisation test

Number of animals with signs of allergic reactiéns
number of animals in group

Negative control Test group
scored after 24h 0/5 0/10
scored after 48h 0/5 0/10
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4.6.1.2 Human information

The few cases of skin sensitisation from exposaredpper or its compounds reported in the
literature are restricted to clinical case repdrigolving small numbers of patients, and in
evaluation of a case-series of patients from destogy clinics.

Allergic dermatitis with positive patch tests

Barranco (1972) reviewed the literature and noked only six cases of allergic contact dermatitis
to copper have been reported by then — 3 casesredcas a result of contact with brass (copper
and zinc alloy). The other cases were due in ease to CuSg) copper metal, and copper in
jewellery respectively. To evaluate the prevalewdeskin sensitisation to a range of metals
encountered in the ceramics industry, Motoleseandorkers (1993) assessed 190 enamellers and
decorators by patch tests. While the patch testwath several cases positive to other metals, there
was only a single case of a positive patch testdocopper oxide in the group.

Sterry and Schmoll (1985) described contact uitacaith a positive patch test in a patient exposed
to copper (ll)-acetyl acetonate used in self-adleedisinfection pads applied to the skin.

Cross-reactivity

Metal objects such as spectacle frames have calgsethtitis (Gaul, 1958), but the role of copper
in these cases is uncertain, as there is oftenocoitent exposure to other known sensitisers such as
nickel compounds. Cross-reactivity between copped ather metal sensitisers have been
documented. Hackel and co-workers (1991) describgdtient with palladium sensitisation who
also reacted positively to patch tests using niskgbhate and CuSd1% petrolatum preparation).
Nordlind (1992) showed cross reactivity between Qu&hd mercuric chloride in patients with oral
lesions associated with mercury amalgam restoration

Skin reactions following use of copper IUD

Barkoff (1976) reported a case of a woman who dagead urticaria a month after insertion of a
copper-based intra-uterine contraceptive devic®jlLbkin patch tests using 1% CusS€blution
were negative, but scratch tests using the sanmematerial resulted in an erythematous flare
reaction.

Romaguera and Grimalt (1981) described four womén developed papulo-erythematous skin
lesions between 1 and 4 months after insertion @bjper-containing 1UD. Patch tests were
positive for 2% CuS@in all four cases, although one of the patiens® asted positive to nickel
sulphate. All four patients improved after remowhthe IUDs and provision of topical treatment.

The first report of IUD-induced copper sensitisativas by Barranco (1972) who obtained a
positive patch test with 5% Cu%Q@olution. Other subsequent similar reports incltiiese by
Frenz and Teilum (1980) and Rongioledti al (1985) who demonstrated a positive patch test
reaction to 1% CuS£in water in a housewife with a 2-month historydefmatitis, and a copper-
containing 1UD inserted a few weeks before the bassymptoms. Removal of the 1UD resulted in
abatement of the symptoms. Pugblal (1998) reported a case of a woman with a 2-yesioty of
recurrent non-pruritic skin eruption and abdomipain. It was reported that the woman had had a
copper-containing 1UD “placed 12 years earlier”. Wthnot clearly stated, this suggests that the
same IUD remained in place for the whole period thredefore represents misuse. Patch tests were
positive for CuSQ@ (2%) and for nickel and cobalt salts. Symptom®lkexi after removal of the
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IUD. The authors suggest the copper-containing B$Da cause for the dermatitis. However, it is
possible that the other substances to which thergatacted with a positive patch test may be the
causative factor.

In an assessment of 37 female patients with sifdetsffollowing usage of a copper impregnated
IUD, Joupillaet al (1979) showed that skin tests to copper were naegatspite a history of skin
rashes experienced by ten of the patients aftertina of the IUD. Allergy to copper was therefore
not thought responsible for the skin and other sitkects.

Prevalence of allergic dermatitis from copper salts

To establish the prevalence of irritant and allergontact dermatitis from pesticides, Ledi al
(1987) patch tested 652 outpatients with pre-exgsskin disorders. 564 subjects were tested with
1% CuSQ, of which 4 cases (<1%) demonstrated an allergaction, with none of the cases
deemed to have an irritant reaction to CySihe inclusion of 2% CuSQn a routine patch test
series assessing 1190 eczema patients over aythae@eriod showed a positive reaction to CuSO
in only 13 patients. Copper salts are not commaskassensitiers (Karlberg, 1983).

These findings indicate the relative rarity of ceppompounds in comparison to other metals as a
cause of allergic contact dermatitis.

4.6.1.3 Summary and discussion of skin sensitisation

Maximisation test has been performed with guineg-pin coated copper flake. No positive
response was observed in tested and control an{®aB and 0/5 animals). Moreover, cases of
allergy to copper are extremely rare in humans,capger is not considered a sensitiser.

4.6.1.4 Comparison with criteria

In accordance with the CLP regulatiof(ATP criteria have been considered), positive tesul
were observed in less than 30% of the test aniraal§i0 positive response was observed in tested
and control animals (0/10 and 0/5 animals). Coatgzper flake will not be classified in category 1
“skin sensitiser”.

4.6.1.5 Conclusions on classification and labelling

Coated copper flake is not a skin sensitizer togapig in the maximisation test and therefore no
classification is warranted.

RAC evaluation of skin sensitisation

Summary of the Dossier submitter’s proposal

One guinea pig maximisation test (GPMT), conducted with coated copper flakes according
to OECD TG 406, is included in the CLH report (Sanders, 2001e). Intradermal and topical
induction doses were 0.1% (w/w) and 50% (w/w) at days 1 and 7, respectively. Animals
were challenged with 25% (w/w) and 50% (w/w) at day 21. No reactions were seen in
any of the tested (n=10) or control (n=5) animals.

A few clinical cases of allergic dermatitis upon copper exposure and skin reactions
following use of copper-based intrauterine contraceptive devices have been reported, but
overall the findings indicate that in comparison with other metals, copper was relatively
rarely a cause of allergic contact dermatitis. The dossier submitter concluded, based on
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the negative GPMT and the extremelyrare cases of allergic reactions to copper
compounds in humans, that no classification for skin sensitisation for coated copper
flakes is warranted.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

Given the absence of skin reactions in the available skin sensitisation study, and the few
individual cases of allergic reactions in humans, RAC agrees with the conclusion of the
dossier submitter that coated copper flakes should not be classified for skin sensitisation.

4.6.2 Respiratory sensitisation

No data available.

4.7  Specific target organ toxicity (CLP Regulation) — epeated exposure (STOT RE)

A metabolism/bioequivalence study has been perfdritnedemonstrate that the ion, as present in
the form of copper sulphate, is similarly or moreavailable to the other forms of copper following
oral administration. Data from studies with thepsaite, and other forms that liberate the copper
ion, may be used in the assessment process.

Note: the terms copper sulphate, cupric sulphateper sulphate pentahydrate and cupric sulphate
pentahydrate have been used by various authotadies quoted. These terms all refer to the same
substance, CuS®H,0, properly known as cupric sulphate pentahyditaiemore typically called
copper sulphate.

Table 19: Summary table of relevant repeated tingeity studies
Method | Results | Remarks Reference
Oral
Rat 10000 ppm: all rats died or were killedd No guideline Hébert, C.D.,
Fisher 344/N moribund. Clinical signs included GLP Elwell, M.R.,
. ruffled fur, emaciation, abnormal o Travlos, G.S.,

5/sex/dose/species . L Deviation: 15d | _.

posturing, hypoactivity, dyspnoea, instead of 28 Fitz, C.J. and
qupgr sulphate pentahydrate | tremors and prostration. days Bucher, J.R.
Drinking water 3000 ppm: Significanf mean bw PUrity: 99- (1993)
15 days gains.|water consumption (poor :

- : 100%

0, 300, 1000, 3000, 10000 ppm | palatability of the solution).
Correspond to 0, 10, 29, 45, 36 | 300 and 1000 ppnt: size and number
mg Cu/kg bw/d in males rats angl Of protein droplets in epithelial cells of
0, 10, 26, 31, 31 mg Cu/kg bw/d| the proximal convoluted tubules of th¢
in females rats kidney of males.

LOAEL of 300 ppm (equivalent to 10

mg Cu/kg bw/d)
Mice > 3000 ppm: mortality, significarnt No guideline Hébert, C.D.,
B6C3F1 mean bw gaing,water consumption | gLp Elwell, M.R.,
5/sex/dose/species Microspcopic cellular depletion in Deviation: 15d Travlos, G.S.,

several tissues. instead of o8 Fitz, C.J. and
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Copper sulphate pentahydrate days Bucher, J.R.
Drinking water NOAEL: 1000 ppm (equivalent to 24 | Purity: 99- (1993)
15 days or 36 mg Cu/kg bw/d for males and | 100%
0, 300, 1000, 3000, 10000 ppm | feMales)
Correspond to 10, 24, 58 and 133
mg copper/kg bw/d in males mige
and 15, 36, 6 and174 mg
copper/kg bw/d in females mice
Rat > 2000ppm: Chronic inflammation of | No guideline Hébert, C.D.,
Fisher 344/N the liver.Hyperplasia and GLP Elwell, M.R.,
5/sex/dose/species hyperkeratosis of the squamous Deviations: 15 Travlos, G.S.,
P mucosa on the limiting ridge separati 'Javs insteéd of Fitz, C.J. and
Copper sulphate pentahydrate | the forestomach from the glandular 28yda < Bucher, J.R.
Feeding studies stomach. Depletion of haematopoetid i y ' (1993)
15 days cells in bone marrow occurred. A PU”(EV- 99-
0, 1000, 2000, 4000, 8000, 160 (ﬂﬂnimal to mil_d decrease i_n erythroid 100%
ppm aematopoesis was seen in the
spleens.There was an increase in the
Correspond to 23, 44, 162, 196, ,ymper and size of protein droplets if
285 mg Cu/kg bw/d in males | 0 cytoplasm and lumen of the renal
mice and 23,46, 92, 198, 324 My . tica| tubules in the male and female
Culkg bw/d in females rats rats similar to that seen in the drinking
water studies.
NOAEL of 1000 ppm (equivalent to 23
mg Cu/kg bw/d)
Mice 16000ppm;| significantly bw gains in | No guideline Hébert, C.D.,
B6C3F1 female.| mean food consumption. GLP Elwell, M.R.,
5/sex/dose/species > 2000ppm: minimal hyperplasia and| peviations: 15 'II:'irtz;vlgsj imsd
Copper sulphate pentahydrate | PYPerkeratosis of the squamous | days instead of Bucher. J.R.
_ ) mucosa on the limiting ridge separatin®g gays. g
Feeding studies the forestomach from the glandular | 5 = g9 (1993)
15 days stomachs. 100%'
0, 1000, 2000, 4000, 8000, 16000
ppm in diet NOAEL of 1000 ppm (43 and 53 mg
Correspond to 0, 43, 92, 197, | Cu/kg bw/d in male and female,
294, 717 mg Cu/kg bw/d in malgsrespectively)
mice and 0, 53, 104, 216, 398,
781 mg Cu/kg bw/d in females
mice
Rat >4000ppm: |bw gain; Haematologicdl No guideline Hébert, C.D.,
Fisher 344/N ﬁhangkes. o H_ypertphlasiaf t andsLp _IE_IweIII, MéRé
: yperkeratosis in e forestomac, .. oo ravios, G.S.,
107 animals sex/dose mucosa, probably as a result of irritg ang&% 99 Fitz, C.J. and
Copp.er sulphate pentahydrate | effects of the compound. Bucher, J.R.
Feeding studies > 2000ppm: histological changes in the (1993)
90 days liver and kidney were recorded.
0, 500, 1000, 2000, 4000, 8000
ppm in diet NOAEL of 1000 ppm in rat (16 or 17
Corresponds to 8, 16, 32, 66, 140mg Cu/kg bw/d for males and females)
mg Cu/kg bw/d in male and 9,
17, 34, 68, 134 mg Cu/kg bw/d in
female rats
Mice >4000ppm: |bw gain; Hyperplasia anfiNo guideline Hébert, C.D.,
B6C3F1 hyperkeratosis in the forestomag p Elwell, M.R.,
10/ animals sex/dose mucosa, probably as a result of irritg nlsurity: 99- Travlos, G.S.,
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: . Bucher, J.R.
Feeding studies (1993)
90 days NOAEL of 2000 ppm (97.2 mg Cu/kg
0. 1000. 2000. 4000. 8000 and bw/din male and 125.7 mg cu/kg bw/d
16000 r;pm in'diet ’ in female) in mouse
Corresponds to 44, 97.2, 187.3,
397.8, 814.7 mg Cu/kg bw/d in
male and 52.2, 125.7, 266.7, 536
and 1058 mg Cu/kg bw/d in
female mice
Rats The treatment was associated with | No guideline Haywood, S
Copper sulphate to the_llvejr and.k|dneys. _
Feeding study Toxicity (including hyperplasia and
cellular damage) was marked at 6
1,2,3,6,9o0r 15 weeks weeks of dietary administration, but by
2000 mg/kg diet 15 weeks, animals had shown almost
Correspond to 165 mg Cu/kg total adaptation and recovery at the
bw/day cellular level.
NOAEL < 165 mg Cu/kg/d
Rats Toxicity after 6 weeks followed by No guideline Haywood, S.
Wistar regeneration of the liver up to 5000 | No GLP (1985)
4 males/group gg(r)no ted i ainabl
ppm resulted in unsustainable
Copp.er sulphate liver damage and death by six weeks
Feeding study
Exposure during 2, 3, 4, 5, 6 or
15 weeks
0, 3000, 4000, 5000 or 6000 ppin
Correspond to 150, 200, 250 or
300 mg Cu/kg bw/day)
Rats Dietary copper, administered at high | No guideline Haywood, S. and
4 males/group levels to weanling rats was associatef stated Comerford, B.
Copper sulphate with increased blood and plasma | No GLP (1980b)
] copper concentrations after six weeks
Feeding study (with an initial transient rise in plasmg
Killed at intervals of 1, 2, 3, 6, 9| concentration in the first week) to
and 15 weeks reach a maximum at nine weeks.
0 or 2000 ppm Cu Similarly, ceruloplasmin activity
Correspond to 200 mg/kg bW/d‘,jwincreased significantly at six weeks.
in the young rat, or Alanine aminotransferase activity rose
100 mg/kg bw/d'ay in the older r itgradually from the first week to reach|a
maximum at nine weeks. Alkaline
phosphatase activity and bilirubin
concentration showed no change. The
changes in enzyme activity and
ceruloplasmin levels coincide with
liver toxicity seen at higher levels in
subsequent studies, and may reflect
increased competence to manage high
levels of copper following the initial
insult.
Inhalation
Guinea pigs After 70 days of exposure animdldNo guideline Pimentel (1969)
6 male/group exposed daily for 5| Showed copper inclusions  withinno GLP
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minutes aerosols swollen Kupffer cells and histiocytgs
Inhalation in the portal tracts and subcapsular
areas. In three animals killed after
270 days of exposure, a cloge
association was noted between the
lesion reported and perisinusoidal and

portal fibrosis.

The exposure of limited numbers of
animals to copper formulations
indicates that animals show similar
lesions to humans.

0.4% aqueous solutions of either
copper oxychloride (containing
50% copper) or copper
oxychloride (containing 37.5%
copper) plus zineb (16%).
Animals killed after 60, 120, 200,
270 and 420 periods of exposure

Rat Following a 13-week recovery periqdOECD 412
Sprague Dawley at 2 mg/m, there were no testgp

10/ animals sex/dose for low, me j_substance related effects P

low and med-high dose and 20/ hematology  parameters, BALF

animals sex/dose for control and paramet_ers, or lung, lymph node jor
nasal histopathology. The effects pn

high dose .

) lung weights were greatly reduced,
Cuprous oxide but still slightly detectable following
Dust aerosol the recovery period. But there welre
Whole-body inhalation exposure | N0 microscopic findings or changes(in
as a 6-hour/day exposure BALF parameters that correlated with
0,0.2, 0.4, 0.8 and 2 mgim the higher lung weights at tHe

recovery necropsy.
for 1, 2, 3, or 4 weeks y psy

13-week recovery period

Kirkpatrick, 2010

Dermal

Rabbit 2000 mg/kg: 3 deaths not related to| OECD 410 Painter O.E.
5/sex/groups treatment. No GLP (1965)

3 weeks exposure Body weight loss. Increased incident@yrity not

of dermal necropsy findings. The skinstated

Copper hydroxide of treated animals was discoloured
1000 or 2000 mg/kg/day of the | piye by test material.

formulation

Correspond to 500 or 1000 mg

Cu/kg bw/day) NOAEL = 1000 mg/kg bw/d

(=500mg Cu/kg bw/d)

4.7.1 Non-human information

4.7.1.1 Repeated dose toxicity: oral

Reference: Hébert, C.D, (1993)

Guideline:  No

GLP: Yes

Several studies were realised:
- Studies on rats and mice by drinking exposure duti days,
- Studies on rats and mice by diet exposure durindal/s,
- Studies on rats and mice by diet exposure durindey3.

Duration of treatment: 15 days
Deviations



CLH REPORT FOR COPPER FLAKES (COATED WITH ALIPHATIRCID)

» Study duration is less than recommended,
* no haematology or clinical chemistry investigations
* adrenals and spleen are not weighted at necropsy.

These deficiencies do not, however, necessarilypcomise the validity of the data generated.

Five males and five females Fischer 344/N rats amdales and 5 females B6C3F1 mice were
exposed to copper sulphate pentahydrate at coatiens of 0, 300, 1000, 3000, 10000 ppm in the
drinking water.
Five others males and females Fischer 344/N raisSamales and females B6C3F1 mice were
exposed to copper sulphate pentahydrate at coatiens of 0, 1000, 2000, 4000, 8000 and 16000
ppm in the diet.

During the studies, clinical observation and madgstalvere reported. At termination all animals

were given a full macroscopic examination and badyg organ weights (liver, thymus, right

kidney, right testis, heart, lungs, brain) wereed®ined. Histopathological examination was
performed on control animals (plant diet or untedadrinking water), any unscheduled kill animals,
all animals in the highest dose group with 60% satrate and all animals in higher dose groups.
Target organs (liver, kidney, forestomach) werengxad to a no-effect level in lower exposure
groups.

Drinking water studies results:

Table 20: Body weight, water and compound conswnpti rats

Dose level (ppm)
0 | 300 | 1000 | 3000 | 10000
Male
Final body weight (g) 169 171 174 88** -
Water consumed (g/day) 17.9 17.3 14.7 4.8 1.0
Calculated compound | O 41 113 175 140
consumption
(mg/kg/day)
Female
Final body weight (g) 139 141 131 75** -
Water consumed (g/day) 16.3 15.3 11.3 3.2 0.9
Calculated compound | O 39 102 121 120
consumption
(mg/kg/day)
* P <0.01.
Table 21: Body weight, water and compound conswngti mice
Dose level (ppm)
0 | 300 [ 1000] 3000 ] 10000

Male

Final body weight (g) 27.2 27.7 26.5 21.17% -

Water consumed (g/day) 4.8 3.6 2.4 1.6 1.1

Calculateq compound 0 a1 95 296 504

consumption (mg/kg/day)

Female

Final body weight (g) 222] 21.5] 211  14.6} |
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Water consumed (g/day) 5.6 4.1 2.8 1.3 1.1

Calculated compound 0 58 140 245 683
consumption (mg/kg/day)
*»* P <0.01

Clinical signs of both rats and mice in the highesd groups included ruffled fur, emaciation,
abnormal posturing, hypoactivity, dyspnoea, trenaord prostration. Animals from the two highest
groups also showed a decreased water consumptioch was attributed to poor palatability of the
cupric sulphate solution.Final mean body weighnhgdor surviving animals of both species from
the 3,000 ppm groups were significantly reduced.

All rats and all mice in the 10,000 ppm groups ame female rat, one male mouse and three
female mice in the 3,000 ppm groups died or welfeckmoribund during the study.

Any changes in absolute organ and relative orgaghiewere attributed to the lower body weights
of animals receiving 3,000 ppm, rather than a dirdoxic effect of treatment.
Microscopic lesions in rats were limited to an gase in the size and number of protein droplets in
epithelial cells of the proximal convoluted tubutdshe kidney of males in the 300 and 1,000 ppm
groups. No kidney lesions were observed in femals or in mice of either sex. The only
microscopic lesion in mice was cellular depletipresent in numerous tissues in mice from the two
highest dose groups and which was attributed tortheked decrease in water consumption and
body weight gain in these groups.

Concentrations of cupric sulphate above 3,000 pmreethal to rats and mice within two weeks.

Slight kidney changes were observed in male raB®@tand 1,000 ppm but female rats and mice of
both sexes were not affected.

Feeding studies results:

Table 22: Body weight, food and compound consumptiaats

Dose level (ppm)

0 | 1000 [ 2000] 4000] 8000 16000
Male
Final body weight (g) 184 186 183 178 151*1 122*)
Food consumed (g/day) 14.6 15.2 14.7 14.4 13.3 9.2
Calculated compound 0 92 180 363 777 1275
consumption (mg/kg/day)
Female
Final body weight (g) 138 139 138 136 128* 106*
Food consumed (g/day) 11.4 11.6 11.2 11.7 11.7 7.1
Calculated compound 0 89 174 637 769 1121
consumption (mg/kg/day)
* P < 0.05.
** P <0.01

Table 23: Body weight, food and compound consumgtiamice

Dose level (ppm)
0 | 1000 | 2000 | 4000 | 8000 | 16000
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Male

Final body weight (g) 25.1 25.1 25.4 24.6 23.6 23.6
Food consumed (g/day)| 4.4 4.1 4.5 4.7 3.3 4.0

Calculated compound 168 362 773 1154 2817

consumption

(mg/kg/day)

Female

Final body weight (g) 21.2 21.4 20.2 20.8 20.2 20.0
Food consumed (g/day)| 4.1 4.3 4.0 4.3 3.8 3.7

Calculated compound | O 210 408 849 1563 3068

consumption

(mg/kg/day)

* P < 0.05.

No animals died or were killed during the studydimean body weights gains of male and female
rats of 8,000 and 16,000 ppm groups and of femade meceiving 16,000 ppm were significantly
lower than the controls. These decreasere attributed to decreased feed consumptionimads,
considered to be due to the poor palatability & thed mixture rather than to specific cupric
sulphate toxicity.

Changes in organ weights and organ to body weaglis were sporadic and were considered to be
related to decreased body weights rather thanxioitp of the cupric sulphate.

Microscopic findings in rats at 2,000 ppm and abimetuded hyperplasia and hyperkeratosis of the
squamous mucosa on the limiting ridge separatiegdhrestomach from the glandular stomach. A
similar finding was observed in mice but the sdyasias minimal. This was considered due to the
irritant effects of cupric sulphate and the authoosed that there were no adverse effects on the
health of the animals. Additionally in rats, chmomictive inflammation of the liver characterised as
minimal to mild mononuclear inflammatory cell infdte was observed in males at 8,000 ppm (4/5)
and 16,000 ppm (5/5) and in females at 16,000 (§6).(Depletion of haematopoetic cells in bone
marrow occurred in male and female rats in the B,80d 16,000 ppm groups, consisting of a
decreased cellularity of bone marrow erythroid/roigeelements and an increase in the prominence
of fat cells normally present in the bone shaftséveral high dose animals bone mass (cortex and
trabecular density) was reduced when comparedritrale. This was considered a consequence of
reduced body weight gain rather directly relatedtreatment. A minimal to mild decrease in
erythroid haematopoesis was seen in the spleenat®fin the 16,000 ppm group. There was an
increase in the number and size of protein drophetse cytoplasm and lumen of the renal cortical
tubules in the male and female rats of the thrghdst dose groups, similar to that seen in the
drinking water studies.

Microscopic findings were more severe in rats thmamice and at levels of 2,000 ppm and above
included hyperplasia and hyperkeratosis of the mgus mucosa of the limiting ridge of the
stomach. This finding was minimal in mice, and nieye been associated with the sulphate ion,
rather than copper. Administration at 4,000 ppm @nolve was associated with inflammation of the
liver, changes in the kidney similar to the drinkiwater study and changes in bone marrow cells.

Duration of treatment: 92 days:
Deviations
* No ophthalmoscopy was performed,
» adrenals were not weighted at necropsy.
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Copper sulphate pentahydrate was administeredeirdigt to groups of 10 male and 10 female
Fischer 344/N rats at dietary levels of 0, 5000@,®,000, 4,000 and 8,000 ppm for 92 days. Also
groups of 10 male and 10 female B6C3F1 mice redeikeated diet at levels of 0, 1,000, 2,000,
4,000, 8,000 and 16,000 ppm for 92 days. Chemitallyaes of the formulations showed that they
were within£10% of theoretical concentrations.

Clinical signs and mortality were reported but sttile for observations were not indicated.

Bodyweights and organ weights (liver, thymus, rigldney, right testis, heart, lungs and brain)
were determined at the termination of the studyafbrats and mice.

Haematology and clinical chemistry evaluations thacrit, haemoglobin concentration, mean
cell volume, platelets, erythrocyte count, totad aifferential leukocyte count, reticuloocyte count
blood urea nitrogen, creatinine, total protein, ualin, alanine aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase, 5-nucle@jdake salts) were performed on Days 5 and 21
on supplemental rats (10 animals/sex/per group) andthe main study rats on Day 92
(termination).

Urinalysis (clarity, colour, volume, specific grawi creatinine, glucose, total protein, aspartate
aminotransferase (AST), N-acetyl-3-glucosaminidgdBAG)) was performed on Day 19 on
supplemental rats (10 animals/sex/per group) arith@main study rats on Day 92.

Gross necropsy was performed on all animals.

Histopathology was performed on decedents, allrobahimals, on animals from the highest dose
group with 60% survival rate and on any higher dgs®ip animals. Target organs (liver, kidney
and forestomach) were examined to a no-effect lievile lower exposure groups.

No mortality was reported. There were no clinieghs observed that could be directly attributed to
treatment among rats and mice.

Food consumption was generally similar to the adatm all groups in both rats and mice except
for the highest dose group in the rat (8,000 ppm).

Final mean body weight gains were significantlyueetl in male rats in the two highest dose
groups (4,000 and 8,000 ppm) and in female ratiserhighest dose group (8,000 ppm).

Treated mice showed a dose-related reduction iy laight gain that occurred earlier than in the
rat and was more severe at the higher dose levels.

Haematology showed significant changes in rats aih lsexes at all time points but generally
limited to the 2,000, 4,000 and 8,000 ppm dose ggolnitially (day 5), significant increases in
haematocrit (HCT), haemoglobin (HGB), platelet doand erythrocytes (RBC) were seen in the
8,000 ppm group which were consistent with polyeytie related to dehydration. Also on day 5,
significant decreases in reticulocyte count, mealhvolume (MCV), and mean cell haemoglobin
(MCH) were noted in high-dose animals. By Day 2ICTHand HGB levels were significantly
decreased for male rats in the 2 highest dose grand female rats in the 3 highest dose groups
together with MCV and MCH and these persisted uhélend of the study. Significant increases in
RBC and reticulocytes were noted in high dose matiése end of the study.

Clinical chemistry showed significant elevationsad&nine aminotransferase (ALT) and sorbitol
dehydrogenase (SDH) activities throughout the studgicating hepatic injury. Decrease in
alkaline phosphatise (AP) activity were noted ogsda and 21 in both sexes in the two highest
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dose groups, but AP activity had returned to cdr&eels by day 92. Total protein and albumin
concentrations were significantly decreased an@d wmiogen increased in the two highest dose
groups at all time points. Variations occurred fines parameters with reversal of trends at diffgrin
time points.

Significant changes in urinalysis parameters inetlén increase in aspartate aminotransferase
(AST) and N-acetyB-D-glucosaminidase (NAG) and 5’-nucleotidase (5'MTales only) activities
in the two highest dose groups.

Clinical pathology and urinalysis are summarisedhantable below:

Table 24: Selected clinical pathology and urinalyggarameters at termination in rats
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Parameter Dose level (ppm)
o | 100 | 2000 | 4000 | 8000

Male

HCT (%) 47.9 47.5 48.1 44 .8** 40.2**
HGB (g/dL) 14.3 14.0 14.3 13.4* 12.2%
RBC (106/1L) 8.88 8.84 9.06 9.23 9.55**
Reticulocytes (1064.) 0.15 0.17 0.15 0.20 0.27*
MCV (fL) 54.0 53.8 53.1* 48.8** 42.1**
MCH (pg) 16.0 15.9 15.7** 2 12.8*
ALT (IUIL) 51 78 108** 494** 563**
5-NT (IU/LO) 33.6 333 325 39.3** 36.5**
SDH (IU/L) 22 32 42%* 197** 282**
Total protein (g/dL) 6.6 6.6 6.5 6.5 6.1**
Albumin (g/dL) 4.6 4.6 45 4.5 4.3**
Urea nitrogen (mg/dL) 21.6 20.6 20.7 221 23.5*
Urine AST (IU/mg creatinine) 0.08 NR 0.09 0.10 I
Urine NAG (IU/mg creatinine) 0.09 NR 0.10 0.11* 20+
Female

HCT (%) 48.6 47.9 47.9 47.7 43.9**
HGB (g/dL) 145 144 14.2 14.2 13.2*
RBC (106/1L) 8.48 8.41 8.48 8.44 8.51
Reticulocytes (106L) 0.13 0.12 0.14 0.13 0.15
MCV (fL) 57.2 57.0 56.3 56.5* 51.5%*
MCH (pg) 17.0 17.2 16.8* 16.9 15.5**
ALT (IULL) 44 38 37 84* 214**
5-NT (IU/LO) 345 40.0 36.7 36.8 31.8
SDH (IU/L) 16 19 16 34** 96**
Total protein (g/dL) 6.6 6.8 6.9 6.3** 5.7+
Albumin (g/dL) 4.8 49 51 4.6* 4.0**
Urea nitrogen (mg/dL) 17.1 19.7* 18.0* 20.6** 229
Urine AST (IU/mg creatinine) 0.04 NR 0.07* 0.15* 0.96**
Urine NAG (IU/mg creatinine) 0.10 NR 0.11 0.16** 38+

*P < 0.05
* P <0.01

Data taken from NTL report in preference to pulgigshbaper (NR = not reported in either)

Generally, absolute organ weights of both specieseweduced in the two highest dose groups
when compared with the controls and the relativganrweights were similar or increased with
decreasing body weight. It was considered thatcti@nges could be attributed to the lower final
mean body weight in the higher dose groups.

Gross and histopathology observations showed @&Heand 26):

e For forestomach:
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Gross lesion in rats was characterized by an esmtaegt of the limiting ridge in all animals in the
4000 and 8000 ppm groups and in 7 females and 8snvathe 2000 ppm group.

In mice, the limiting ridge had focal white disction of the squamous mucosa where it forms a
junction with the glandular gastric mucosa.

Histopathological findings included dose-related nimial to moderate hyperplasia with
hyperkeratosis of the squamous mucosa of the ftoresth from 2000 ppm, at the site of the
limiting ridge. Severe incidences of this lesionrev@ften accompanied by an increase in the
number of inflammatory cells and/or oedema in #maiha propria of the limiting ridge. Rats were
more severely affected than mice at similar dosel$e The difference between the species may be
associated with the lower stomach pH (less acidicjhe rat. It may be anticipated that the
hydrochloric acid in the stomach may react with ppsulphate to produce copper chloride and
sulphuric acid. This acid may have caused theatroh, and the rat stomach, being adapted to a
less-acidic environment, showed more effects thamtouse.

* For liver:

There was a dose-related increase in the incidemdeseverity of chronic inflammation in the livers
of rats, characterised by multiple foci of a mixwf mononuclear inflammatory cells. Staining of
the livers for the presence of copper showed aepeesin the 4,000 and 8,000 ppm groups. At
8,000 ppm staining had a clear periportal to midtadistribution and consisted of a few to
numerous red granules of 1 to 2 mm in the cytopla$mepatocytes. At 4,000 ppm staining was
periportal and there was a marked reduction inntlvber of cells stained and in the number of
granules per cell. Positive minimal staining ofelis for copper was evident in the high dose male
and female mice and consisted of only a few pasisitaining hepatocytes in the entire liver section.

* For kidneys:

Changes in the kidneys included an increase isitteeand number of cytoplasmic protein droplets

present in the epithelium of proximal convolutedules of rats at doses of 2,000 ppm and higher
and was less severe in females than in males. e protein droplets in the male rats had large
irregular crystalline shapes, which were not preserthe females. Minimal nuclear enlargement

(karyomegaly) in renal tubule cells was presenhehigh dose group. Degeneration of renal tubule
epithelium was present in three females from tR@@ppm group. Positive staining for copper was

seen in the kidneys at 4,000 ppm, and to a greatent, in the 8,000 ppm groups and consisted of
red granules in the cytoplasm of the renal tubpi¢éhelium and a diffuse red staining of the protein

droplets in the cytoplasm and the tubule lumen.r@eas no staining for copper in the kidneys of

any mice.

In conclusion, administration of copper sulphatatpbydrate to rats and mice for 92 days via the
diet produced hyperplasia and hyperkeratosis infohestomach mucosa, although this may be
associated with the sulphate ion, rather than aoppe

The NOAEL for this lesion was 1,000 ppm for ratsl 0000 ppm for mice.

In rats damage to the liver was produced with a BOAf 1000 ppm for males and 2000 ppm for
females.

In rats damage to the kidney was produced with AKIOof 1000 ppm for both sexes.

A NOAEL for mice could not be derived for liver akdiney toxicity as lesions were not seen in
these organs even at the highest concentration.
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Sperm morphology and vaginal cytology were alsdiged. There were no changes in testis,
epididymis or cauda epididymis weight, or spermatdints or sperm motility in males of either
species at any dose level. Similarly, there wereh@nges in oestrous cycle length or in the timings
in each phase of the cycle in females of eithecisge

Table 25: Rats - histopathological findings - irende and severity
Incidence and mean severity () at dose level (ppm)

0 | 500 | 1000| 2000 4000 800C
Male
Forestomach, hyperplasia and
hyperkeratosis 0 - - 10(1.6)| 10(2.8)| 10 (2.8)
Liver, inflammation 0 - 0 1(2.0)) 10(1.00 10(1p
Kidney, droplets 0 - 0 3(1.0 10 (2.0) 10(2|5)
Kidney, karyomegaly 0 - 0 0 0 10 (1.0)
Female
Forestomach, hyperplasia and
hyperkeratosis 0 - - 7(1.3)| 10(2.5)| 10(2.5)
Liver, inflammation 0 - 0 0 6(1.2) 10(1.9
Kidney, droplets 0 - 1(1.0 9 (1.0 10(1.p) 1my1
Kidney, karyomegaly 0 - 0 0 0 10 (1.
Kidney, degeneration 0 - 0 0 0 3(13)
Mean severity (in brackets) based on number ofa@siwmith lesions 1, minimal; 2, mild; 3, moderatg;

marked

Table 26: Mice -histopathological findings - incmbe and severity

Incidence and mean severity () at dose level (ppm)

0 | 1000 | 2000| 4000 8000] 16000
Male
Forestomach, hyperplasia and i
hyperkeratosis 0 0 2(1.0)| 6(.0 10 (1.6)
Female
Forestomach, hyperplasia and i
hyperkeratosis 0 0 5(1.0)| 8(1.0) 10(1.7)

#mean severity (in brackets) based on number ofasiwith lesions 1, minimal; 2, mild; 3, moderate;
4, marked

Reference: Haywood, S. (1980a)
Guideline:  No
GLP: No

Male weanling rats of uniform age and weight wellecated to nine groups of four animals.
Groups 1 to 6 were fed powdered laboratory dietllgdp expanded) to which 2000 mg/kg diet as
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CuSQ (equivalent to 165 mg Cu/kg/d) had been addedyfoto 15 weeks. Groups 7 to 9 received
unsupplemented diet and served as controls.

Rats on the copper supplemented diets from groupsiwere killed in weeks 1, 2, 3, 6, 9 and 15
respectively.

Two control animals were killed at the same time.

Animals were exsanguinated under ether anaesthedisiver and kidneys were dissected free and
weighed. Slices of the liver and kidney were presérfor histological examination; other parts
were frozen (-7C) and triplicate samples analysed for copper earfiglowing acid digestion
using atomic absorption spectrophotometry.

There were no deaths.

Animals receiving copper showed reduced body wejgiirt, and reduced liver weight. The liver to
body organ weight ratio was similar in all groups.

Macroscopic liver changes were recorded from weewl&en clearly defined peripheral areas of
necrosis were recorded in the right and mediansloBg week 9, pale areas were still visible but
not so clearly defined, and by week 15 the liveesenapparently normal, except for fine scarring
on the lobular surface.

Histological changes were noted from week 2, wiyipertrophy of the periportal parenchymal
cells. Copper was present in the outer zones afiéstin sections stained with rubeanic acid.

In week 3, inflammatory foci were present, restéricto the periportal zone. Lesions consisted of
aggregates of hypertrophied hyperchromatic paranehyells, some of which showed signs of
necrosis. There was marked deposition of coppesuiler zones of the lobules, pericanalular in
distribution.

By week 6 there were marked changes in the liveedl @animals, although there was considerable
individual variation. The changes were always ns@eere in the right and median lobes. Necrosis
was widespread, with marked cellular inflammatoggaation consisting of polymorpho-nuclear
neutrophil leukocytes and mononuclear cells. Theas extensive copper in the cells, considered to
be lysosome-bound copper. There was also bile ligprtrplasia and some attempted regeneration
of still-viable cells.

By week 9 there was extensive regeneration of gasenal tissue, and individual cells were
normal in size, with plentiful glycogen. NecrosiasMimited to a cuff of cells in the periportal 2on
and the cellular response had subsided but wagptdent. Copper had largely disappeared from
the rubeanic acid-stained sections.

By week 15, all livers showed advanced healingpoaljh there was still architectural distortion of
the right and median lobes. Bile duct hyperplasaa wstill present, and necrotic remnants consisting
of eosinophilic (hyaline) bodies occasionally withiclear material, were present in portal areas.

In the kidney, macroscopic changes were limite@r@enish discolouration in some animals at
week 6.

Histological changes were noted from week 3, whrallseosinophilic droplets were present in the
cytoplasm of the proximal convoluted tubules. Esion of the droplet-containing cells into the
lumen of the tubule was common. Copper was notctedan the rubeanic acid stained sections. By
week 6 there were marked changes in the proximalalated tubule, although there was
considerable individual variation in degree. Théoplasmic droplets were larger, more numerous
and assumed the appearance of green globules. mabaeid staining revealed copper in
particulate form, and in the droplets visible i tH & E stained sections. In some kidneys there
was extensive desquamation of the epithelial caflshe proximal convoluted tubule, with the
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lumen frequently obliterated by debris. Regenenati@s also evident among surviving cells, with
mitosis common. The remainder of the nephron wadfected.

By week 9 the regeneration was mostly completeth wopper still present in rubeanic acid stained
sections.

At week 15, regeneration was complete, with liisticulate copper in the rubeanic acid stained
sections.

Analysis of copper content in both liver and kidmegtched the rubeanic acid staining; both rose to
maximum values in week 6, after which levels fell.

Dietary administration of copper as sulphate wao@ated with histological changes in the liver
and kidney, reaching a maximum after six weeksedttment, followed by recovery to week 15.
Initially copper accumulated with little effect, bfrom 2-3 weeks, histological changes were
evident in both tissues. Accumulation eventuallysesl a crisis, associated with severe necrosis,
followed by regeneration and recovery.

Reference: Haywood, S. (1985)
Guideline:  No
GLP: No

Male weanling Wistar rats were caged in fours allmcated to groups receiving 0, 3000, 4000,
5000 or 6000 ppm copper as copper sulphate foroupstweeks. All rats were fed a standard
laboratory diet (Labsure Animal Diet, RHM Agricuteu South Ltd., with a copper content of
10 ppm). Animals were regularly inspected and weigHn each dietary group, a cage of four rats
was killed after 2, 3, 4, 5, 6 and 15 weeks of atietadministration. At necropsy, the liver and
kidneys were removed for histological examinatidiiney and parts of the right median liver lobe
were preserved for histological examination (H & o Gomoris reticulin stain for general
histopathology, and rubeanic acid and rhodaninecfmpper, and orcin for ‘copper-associated
protein); other samples were frozen C@P and triplicate samples analysed for copper cunte
following acid digestion using atomic absorptioespophotometry

Rats at 3000 ppm showed reduced weight gain, witlring’ coats between weeks 4 and 5, but by
week 15, coats were described as sleek and theanattive, although they weighed less than
controls (202 g compared to 438 g for controls).

Rats at 4000 and 5000 ppm showed clinical detdimrdbetween 3 and 4 weeks and subsequent
recovery.

Rats at 6000 ppm showed no weight gain. Two anirdas in week 2, and by week 6 the
remaining animals showed weight loss and deterrgyatondition and were sacrificed.

Control mean liver copper concentration was 1ig&) dry weights.

At 3000 ppm, liver copper concentration rose rapidl 4780ug/g dry weight between 4 and 5
weeks, but fell significantly to 2442y/g dry weight at week 6. By week 15, copper contexd
fallen further to the same level as at week 2 (@pprately 150Qug/g dry weight).

At 6000 ppm, maximum liver concentrations occuregdweek 2 (approximately 38@@/g dry
weight), and fell only to 200Qg/g dry weight by week 6, when the animals wermieated.

Renal copper concentration in controls was§4 dry weights.
Renal copper concentration at 3000 ppm rose mokel\sithan in the liver, with a maximum of
1188ug/g dry weight between 4 and 5 weeks which was tamied to 15 weeks.
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In the kidney, copper concentration at 6000 ppntioared to rise to week 4, when it equalled the
liver value (approximately 2500g/g dry weight).

Similar patterns occurred in the liver and kidn&y3@00 and 4000 ppm, although the maximum
occurred earlier at week 3 (values not stated pepa

Histological findings in the liver at up to 5000mppshowed an earlier onset, but were essentially
similar to those seen in the earlier study, witlpdie hypertrophy and necrosis, followed by

regeneration and recovery.

At 6000 ppm necrotic changes were evident in thst fiveek, increased in severity to weeks 2-3,
and resulted in chronic hepatitis at 6 weeks.

Renal histopathology at 3000 ppm was similar ta theen at 2000 ppm in the earlier study.
However, at 4000 and 5000 ppm, the findings shogaatler onset and correlated with the earlier
liver findings. Findings were more marked, with renous copper-staining granules and droplets in
the cells of the proximal convoluted tubule. Extonsof droplets and exfoliation of whole cells was
common in the distal or collecting tubules, withtemsive degeneration in many proximal tubules,
with the occlusion of the lumen by copper-contagndebris and its passage into the distal tubule.
By week 15, regeneration was complete. The autbocladed that the kidney has the capacity to
excrete copper as well as the liver in cases opeppverload, and excrete high doses of copper via
the urine.

Dietary doses of 6000 ppm (approximately equivatenB00 mg/kg bw/day) of copper produced
unsustainable liver damage by 6 weeks of admitistraDoses of between 3000 and 5000 ppm
(approximately equivalent to 150 and 250 mg/kg law)dresult in liver and kidney damage after
between 2 and 5 weeks, with subsequent full regolgrweek 15. Regeneration of both organs
takes place at 5000 ppm and below, and the kidpgeas to develop the capacity to excrete
copper when the liver is overloaded.

Reference: Haywood, S. and Comerford, B. (1980b)
Guideline:  No
GLP: No

Copper sulphate was administered in the diet tgsxps of four male weanling rats at a level of
2,000 mg copper/kg diet. Three similar groups ¢ raceived unsupplemented diet and served as
controls. Animals from group 1 to 6 were killediatervals of 1, 2, 3, 6, 9 and 15 weeks and 2
control animals were killed at each of these time.

During the necropsy of each animal, a blood sawgale withdrawn from the vena cava.

The samples (5-10 mL) were taken into lithium hepamti-coagulant; 1 mL was retained for
copper analysis and plasma obtained from the rateairCopper content was determined in the
whole blood and plasma. Alanine aminotransferagel{((sceruloplasmin (plasma copper oxidase),
alkaline phosphatase and bilirubin were determoreglasma.

Copper content in blood and plasma: the coppereamration in plasma rose significantly after
Week 1 but fell to normal at Week 2. Both the plastopper and the blood copper concentrations
increased significantly at Week 6 and thereaftidgroalgh a slight fall occurred in Week15.

Plasma enzyme activities and bilirubin concentratidGPT activity was significantly greater than
the control value at Week 1 and thereafter rosg meaximum activity around 6 to 9 weeks which
was maintained until Week 15. This early rise itivaty coincided with the time of pathological
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changes in the liver seen at higher dose leveldhaue was not the subsequent decline to parallel
the regeneration of the liver.

Alkaline phosphatase activity did not differ grgétiom the control value throughout the trial.
Ceruloplasmin activity was similar to the contr@lwe for the first three weeks but was high at
Week 6 and thereafter.

Bilirubin concentration was similar to the conttiotoughout the trial

Dietary copper, administered at high levels to Jiegn rats (2,000 ppm, equivalent to
200 mg/kg bw/day in the young rat, or 100 mg/kgday/ in the older rat) was associated with
increased blood and plasma copper concentratides sk weeks (with an initial transient rise in
plasma concentration in the first week) to reachaximum at nine weeks. Similarly, ceruloplasmin
activity increased significantly at six weeks. Ala aminotransferase activity rose gradually from
the first week to reach a maximum at nine week&alisie phosphatase activity and bilirubin
concentration showed no change.

The changes in enzyme activity and ceruloplasmial¢éecoincide with liver toxicity seen at higher
levels in subsequent studies, and may reflect asa@ competence to manage high levels of copper
following the initial insult.

4.7.1.2 Repeated dose toxicity: inhalation

Reference: Pimentel, J.C. (1969)
Guidelines: Not standard
GLP: No

Four groups of six guinea pigs housed in poorlytileted glass cages were treated, by inhalation,
as follows: one group was untreated and servedasoats; one group was treated with a finely
pulverised Bordeaux mixture (solution of coppeipbalte neutralised with hydrated lime). This was
done three times a day, such that the atmosphetieeofage was completely saturated with the
spray. The second group was similarly treated witfolution of wine tartar using a Flit spray gun
and the fourth group treated three times a day witlphur dioxide fumes produced by burning
‘sulphur wicks’ such as are used for the disinfattof wine vats. The animals were treated daily
for at least 6 months. The guinea pigs were radmwed at the start of the study, at the second
month and at the end of the 6 months treatmendidgeaphic changes were noted in the animals
treated with Bordeaux Mixture. Four of these angweere sacrificed at the end of treatment and
two were retained untreated for three months whethér radiographs were taken before sacrifice.
Histopathological examination of the pulmonary é&s was performed, including staining for
copper.

The lungs of the animals exposed to sulphur dioshiewved scanty intra-alveolar cells containing
yellow/dark brown granules; staining indicated firesence of sulphur-containing amino acids.
The wine tartar spray treated animals showed omeakinter-alveolar cells with a brown/yellow
granular pigment that stained for copper. The Bawk Mixture-treated animals killed at the end of
treatment showed micronodular lesions, charactrlse foci involving a variable number of
alveoli filled with plugs of desquamated macroplsagih inclusions of a substance rich in copper.
Additionally, in one guinea pig small histocyticagulomas were seen in the septa with the
appearance of fibro-hyaline scars similar to thiosmd in human cases. In the two animals killed
three months after exposure an apparently totatessgon of the lesions was noted on the
radiograph. Microscopic examination revealed filsrdbands, small groups of alveoli filled with
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macrophages, hyaline deposits and small areasnoiecsation of the reticulin fibres of the septa in
regions not involved when using the routine stains.

Reference  Kirkpatrick (2010)
Guideline:  OECD 412

GLP: Yes

Deviations: None

Cuprous oxide was administered via whole-body iath@h exposure as a 6-hour/day exposure
duration to male and female Sprague Dawley Crl:@D(%ts for 1, 2, 3, or 4 weeks (5 days/week),
test substance-related effects observed at exptegks of 0.2, 0.4, 0.8 and 2.0 md/fparticle
size of 1.725 um MMAD +- 1.73 pm GSD).

For the core study, 20 males and 20 females peretdration (control and high) and 10 males and
10 females per concentration (low, med-low and tmgth) were used. For the satellite study which
evaluate whether a plateau was observed when aborse was conducted for effects following 5,
10 and 15 exposures, 10 males and 10 females pes@re (control and high) and time point (1,2
or 3 weeks) were used.

After 4 weeks of exposure, there was an exposuneestration-related increase in microscopic
findings in the lung, and increased lung, bronciyahph node, and mediastinal lymph node
weights. Lung histopathology included alveolar ibisytosis, acute inflammation, and perivascular
mononuclear cell infiltrates. At 0.2 mg/malveolar histiocytosis was minimal, progressing t
moderate severity at 0.8 and 2.0 mg/m

Higher blood neutrophil counts were observed foitmyv4 weeks of exposure to cuprous oxide.
Inhalation exposure resulted in higher LDH, totabtpin, and total cell counts, and a higher
proportion of neutrophils in the bronchoalveolardge fluid of rats following 1, 2, and 3 weeks of
exposure (2.0 mg/frgroup on study days 5, 12, and 19) and followingegks of exposure at the
end of exposure evaluation (0.2 md/an higher, except 0.4 mgfor higher for total cell count, at
study week 3 after a minimum of 20 exposures asitsteveek of exposure is study week 0). In the
nasal cavity after 4 weeks of exposure, findingesatered test substance-related were minimal
olfactory epithelium degeneration in a small numbemales from the 0.8 and 2.0 md/groups
and mild subacute inflammation in a small numbemafes from the 2.0 mg/hgroup.

Most test substance-related effects at 2.0 migippeared to show a peak in the effect prior to
completion of 4 weeks of exposure and therefore, rksults were consistent with a possible
plateau. Only lung weights and the incidence ofpgiamid hyperplasia of the bronchial lymph node
in males appeared to continue to increase relaticentrol through 4 weeks of exposure.

At the lowest exposure level of 0.2 mdrthe inflammatory effects in the alveoli were mii and
present in only 2 of 10 animals. There was no nswopic evidence for alveolar epithelial or
endothelial cell injury or the presence of edemargtexposure level.

Following a 13-week recovery period at 2 md/there were no test substance related effects on
hematology parameters, BALF parameters, or lungply node or nasal histopathology. The
effects on lung weights were greatly reduced, Willt dightly detectable following the recovery
period. But there were no microscopic findings loarmges in BALF parameters that correlated with
the higher lung weights at the recovery necropsy.
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4.7.1.3 Repeated dose toxicity: dermal

Reference: Paynter, O.E. (1965)
Guideline:  OECD 410
GLP: No
Deviations Yes
* Animals were treated five days per week for thremekg, instead of continuously for 28
days, as recommended,
* haematology and histological investigations wendgomed, but the number of parameters
investigated was smaller than the modern guideline,

» the test was performed on a formulation, not ortelsanical material.

Copper hydroxide (wettable powder formulation KOEMD1) was applied as a 53% w/v aqueous
suspension to the shaved backs of adult albinatsatfuspensions of test material were applied at
1000 and 2000 mg/kg bw/day of the formulation whiepresente 500 and 1000 mg/kg bw/day
copper as hydroxide. The control group consistédl mfles and 5 females and the test groups of 10
males and 10 females. Animals were treated for diags per week for three weeks. Half of the
animals by sex in each group were subject to milchsion of the skin prior to dosing at the
beginning of each week. The dose site was coveldu avlight gauze bandage. Animals were
treated for 6 — 8 hours per day. At the end of eagiosure, bandage and collar were removed and
the treated area washed lightly with water and digey. All animals were sacrificed three or four
days after the last application and necropsiecdti@ecof liver, kidney and skin were preserved.

There were two deaths in the low dose group arektdeaths in the high dose group. None of the
deaths in dose groups could be conclusively relaidte test material; all deaths were considered
to be due to apparent gastroenteritis. There weiliadications of irritation.

There was an overall mean bodyweight loss in tigla diose group. There were no adverse effects
on food consumption.

There were no adverse effects of treatment on hiaéogécal or urinalysis parameters.

Necropsy and histopathology revealed degenerativanges in the skin. Five control animals
showed minimal findings such as focal leukocyteltnation of the dermis or focal peri-follicular
thickening. There were no histological findingstire skin of low dose animals. Ten high dose
animals (five abraded and five intact skin) showkoh abnormalities at histopathology. Findings
included epidermal thickening, focal leukocyte linfition of the dermis, keratin thickened or
distorted, atrophied hair follicles. There weregéninstances of dermal fibrosis, dermal oedema,
eschar formation and slight ulceration.

4.7.1.4 Repeated dose toxicity: other routes

No data available.

4.7.1.5 Human information

O’Donohue, J.W. (1993) reports a case of chronlieagkministration A 26-year-old Irishman took
30 mg Cu/day for two years (apparently withoueffiect), then increased the dose to 60 mg Cu/day
in the third year and suffered liver failure.
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Araya, M, (2001) reports that relatively low contrations of free copper in water induce nausea in
humans. In an international trial, 179 individuadsre given water containing copper sulphate at 0,
2,4,6 or 8 mg Cu/L in a 200 mL bolus of waterueglent to a dose of 0, 0.4, 0.8, 1.2 and 1.6 mg
Cu). Subjects were monitored for nausea and othep®ms. The no-adverse-effect-level for
nausea was 4 mg Cu/L. However, this representsta &ifect of a soluble copper salt in water.
Copper sulphate is a gastric irritant, and the @aus probably associated with irritation of the
stomach. Natural levels of copper in food includadkg (= ppm) for shrimp and liver, 10 mg/kg
for mushrooms, and 27 mg/kg for dark (bitter) cHatn Consumption of 200 g of shrimp or liver
in a meal, or 160 g of mushrooms, or 50 g of ddrcolate (which would each provide the same
amount of bound copper as was administered in ohgnwater in the drinking water nausea study)
would not be expected to induce nausea.

Araya etal. (2003) report another study, in which copper salphwas administered by the same
protocol than the previous investigation but intleot spring water rather than deionised water and
using an entirely female study population (n=2&X)nsistent with the previous study, nausea was
the earliest and most commonly reported gastrdinedssymptom, occurring mostly within 15 min
of copper ingestion with a no-adverse-effect-leafed mg Cul/L.

Olivares etal.(1998) report a study in which the effect of coppepplementation in the drinking
water at the level of 2 mg/L was investigated imfala-fed and breast-fed infants from 3 to 12
months old in Chile. This study failed to demonstrany adverse effects in infants who had
consumed water with a copper content during thet fi2 months of life. The only observed effect
in children with copper relative to control wasiaarease in ceruloplasmine at 9 months only.

Other human epidemiological data are availablesamdmarised in section 4.10.

4.7.1.6 Other relevant information

No data available.

4.7.1.7 Summary and discussion of repeated dose toxicity

Oral route:
Several studieswere available for the assessmehe abxicity after repeated administration:
» 15-days drinking water studies in rat and mice
» 15-days feedings studies in rat and mice
» 15-weeks feedings studies in rat
* 90-days feedings studies in rat and mice
* Human data

2 week drinking study:

All rats and all mice in the 10000 ppm groups and temale rat died, one male mouse and three
female mice in the 3000 ppm groups died or weleditluring the study. Clinical signs of both rats
and mice in the highest two groups included emiaciatabnormal posturing, hypoactivity,
dyspnoea, tremors and prostration. Final mean beeight gains for surviving animals of both
species from the 3000 ppm groups were significaneitjpuced. Animals from the two highest groups
also showed a decreased water consumption, whishatt@buted to poor palatability of the cupric
sulphate solution. Microscopic lesions in rats wlergted to an increase in the size and number of
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protein droplets in epithelial cells of the proxincanvoluted tubules of the kidney of males in the
300 and 1000 ppm groups. No kidney lesions wererobd in female rats or in mice of either sex.

2 week feeding study: No animals died or were @#iltieiring the study. Final body weights of male
and female rats of 8,000 and 16,000 ppm groupsoariemale mice receiving 16,000 ppm were
significantly lower than the controls. Mean foochsamption for rats in the 16,000 ppm group and
for mice in the 8,000 and 16,000 ppm groups wasefothan controls. These decreases were
considered to be due to the poor palatability & thed mixture rather than to specific cupric
sulphate toxicity. Microscopic findings in rats 2000 ppm and above included hyperplasia and
hyperkeratosis of the squamous mucosa on the tigniidge separating the forestomach from the
glandular stomach. A similar finding was observednice but the severity was minimal. This was
considered due to the irritant effects of cuprifpeate and the authors noted that there were no
adverse effects on the health of the animals. Aatditly in rats, chronic active inflammation of the
liver characterised as minimal to mild mononucledlammatory cell infiltrate was observed in
males at 8,000 ppm (4/5) and 16,000 ppm (5/5) anfémales at 16,000 ppm (3/5). Depletion of
haematopoetic cells in bone marrow occurred in raatéfemale rats in the 8,000 and 16,000 ppm
groups, consisting of a decreased cellularity afidommarrow erythroid/myeloid elements and an
increase in the prominence of fat cells normallgsent in the bone shaft. In several high dose
animals bone mass (cortex and trabecular densitg) ieduced when compared to controls. This
was considered a consequence of reduced body wgagtrather directly related to treatment. A
minimal to mild decrease in erythroid haematopoesis seen in the spleens of rats in the 16,000
ppm group. There was an increase in the numbesiaedof protein droplets in the cytoplasm and
lumen of the renal cortical tubules in the male &male rats of the three highest dose groups,
similar to that seen in the drinking water studies.

90-day feeding studies (Hebert, 1993):

Fischer rats (10 males and 10 females per groupg weated with copper sulphate (hydrated salt)
administered in the diet at doses of 0, 500, 1,20@)0, 4,000 and 8,000 ppm for 92 days. B6C3F1
mice (10 males and 10 females) were treated toerdration of 0, 1,000, 2,000, 4,000, 8,000 and
16,000 ppm for 92 days. All rats and mice, excepe¢ demale rat in the 1,000 ppm group
(accidental death), survived to the end of the ystu@inal mean body weight gains were
significantly reduced in male rats in the two higthdose groups (4,000 and 8,000 ppm) and in
female rats in the highest dose group (8,000 ppneated mice showed a desdated reduction in
body weight gain that occurred earlier than inrditeand was more severe at the higher dose levels.
Food consumption was generally similar to the adsatm all groups in both rats and mice except
for the highest dose group in the rat (8,000 ppm).

Significant changes in haematology were noted s o&both sexes at all time points but generally
limited to the 2,000, 4,000 and 8,000 ppm dose ggodhe effects were more marked in males.
Significant increases in haematocrit (HCT), haembigi (HGB), platelet count and erythrocytes
(RBC) were seen in the 8,000 ppm group which wemnesistent with polycythemia related to
dehydration. By Day 21, HCT and HGB levels werendigantly decreased together with MCV and
MCH and these persisted until the end of the st&ynificant increases in RBC and reticulocytes
were noted in high dose males at the end of th@ysflihere was a doselated increase in the
incidence and severity of chronic inflammationhe tivers of rats, characterised by multiple fakci o
a mixture of mononuclear inflammatory cells.

Staining of the livers for the presence of copgevwed a presence in the 4,000 and 8,000 ppm
groups. At 8,000 ppm staining had a clear periptotanidzonal distribution and consisted of a few
to numerous red granules of 1 to 2 mm in the cy®pl of hepatocytes. At 4,000 ppm staining was
periportal and there was a marked reduction inntlmber of cells stained and in the number of
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granules per cell. Positive minimal staining ofelig for copper was evident in the high dose male
and female mice and consisted of only a few pasgtaining hepatocytes in the entire liver section.

Changes in the kidneys included an increase isiteeand number of cytoplasmic protein droplets
present in the epithelium of proximal convolutetiules of rats at doses of 2,000 ppm and higher,
and was less severe in females than in males. e protein droplets in the male rats had large
irregular crystalline shapes, which were not preserthe females. Minimal nuclear enlargement

(karyomegaly) in renal tubule cells was presenhehigh dose group. Degeneration of renal tubule
epithelium was present in three females from tBO@@ppm group. Positive staining for copper was
seen in the kidneys at 4,000 ppm, and to a greatent, in the 8,000 ppm groups and consisted of
red granules in the cytoplasm of the renal tubpi¢éhelium and a diffuse red staining of the protein

droplets in the cytoplasm and the tubule lumen.r@eas no staining for copper in the kidneys of

any mice. There was a reduction in Howositive granules in the cytoplasm of splenal mpleges

in the 8,000 ppm group, which was also evidentdsg prominent in the 2,000 and 4,000 ppm dose
groups.

Human epidemiological data

Data are available however information are limitedarding doses consumed and exposure. The
information is based on estimated quantities ofpeopingested, which are reliant on patient
accounts and are therefore biased, or effects wixbesre of differing severity which are not
consistent with reported copper exposure conceémtisat A case study is available detailing an
individual who consumed 30mg/day of copper as tadiesupplement (well above the Tolerable
upper intake level of 5 mg/day suggested by therBidic Committee on Food) for 2 years (10
times the RDA) with no apparent ill effects. Herhiacreased the copper intake to 60mg/day and
was finally admitted to hospital showing signs odlarse and jaundice. His symptoms included
cirrhosis of the liver and six weeks after admissio hospital he was given a liver transplant and
made a good postoperative recovery (O’Donoétued, 1993).

Inhalation exposure:

Two studies are available and were performed imga#pigs and rats. Other data are available in
human in the chronic/cancerogenicity section (S#6.2).

The study of Pimentel (1969) was not performed abog to standard guideline. In this study,
Guinea-pigs showed interstitial pulmonary lesiopsssibly leading to respiratory insufficiency
(without a NOAEL).

In human, similar pulmonary lesion were seen aftealation of Bordeaux mixture. However, in
theses epidemiological data analysis different usinfy situation were identified (smoking, wood
dust, arsenic, etc...) and therefore no link coul@$tablished.

Furthermore, in the 4-weeks inhalation toxicitydstuperformed with current guideline in rat, there
was an exposure concentration-related increasedroseopic findings in the lung, and increased
lung, bronchial lymph node, and mediastinal lymmue weights. Lung histopathology included
alveolar histiocytosis, acute inflammation, andiyecular mononuclear cell infiltrates. However,
following a 13-week recovery period, the effectslang weights were greatly reduced and the
microscopic findings were no more observed. Asetfiects were reverible, they are not considered
as severe or significant;

Dermal exposure
Three-week dermal exposure in rabbit show slightnaé effects above 500 mg Cu/kg bw/d
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4.7.1.8 Summary and discussion of repeated dose toxicitynfilings relevant for classification
as STOT RE according to CLP Regulation

Oral route:

Target organs of copper upon oral administrationrewéhe liver (inflammation), kidneys
(histopathological changes) and hyperplasia andetigoatosis of the forstomach in rats,
haematological changes were also observed in pleisies while mice were less sensitive, showing
adverse effects only in the stomach. Thus, minitbamoderate effects were observed at dose
equivalent to 32 mg Cu/kg bw/d (liver-kidney). Masevere effects were observed above 66 mg
Cu/kg bw/day (forestomach-haematological change);

Inhalation route:
The 4-weeks study in rat, performed with standandejine is considered the most relevant.
In this study, no irreversible adverse effects wasserved up to 2 mgihCu.

Dermal route:
No adverse effects were observed at or below 50grigw Cu in the available study (3 weeks
exposure).

4.7.2 Comparison with criteria of repeated dose toxicityfindings relevant for classification
as STOT RE

Evaluation of non human data

Oral route:

Two 90-d studies are available and were performedtiand mice.

In the 90-day study in rat, at the dose of 32 mgpeo /kg bw/day, liver and kidney changes were
observed but were not considered “significant/sevexffects. At the dose of 66 mg copper/kg
bw/day, hyperplasia and hyperkeratosis in thestoreach mucosa and haematological changes
(haematocrit and haemoglobin levels were signitigashecreased, together with mean cell volume
and mean cell haemoglobin ) were observed.

These effects were in the harmful cut-off values diassification cat 2 (10-100 mg/kg) in CLP
regulation but were considered as not enough reteta classify this substance. In effect, the
haematological change observed were significantMaué not notable as the decrease was inferior
to 10% of the control values. The effects on faewsich were probably the results of irritant effect
of sulphate (CuS£) and therefore were not relevant for copper.

In the 90-day study in mice, no adverse effectevediserved below 100 mg/kg bw/d.

Overall, in the available studies in mice and itatyas considered that no serious adverse effects
were observed below the harmful cut-off valuesdiassification Cat 2 (10-100 mg/kg bw) in the
CLP regulation.

Inhalation route:

In the 4-weeks study in rat performed with standgwitieline No serious adverse effects were
observed at the maximum tested concentration (2nigTherefore, no classification is warranted
according to the CLP criteria.

Dermal route:
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In the 3 weeks study performed in rabbit, no adveféects were observed at or below 500 mg/kg
Cu. No classification is therefore necessary agogrtb the CLP criteria

Evaluation of human data

Human epidemiological data is available howeveonmiation is limited regarding doses consumed
and exposure. The information is based on estiniadtities of copper ingested, which are reliant
on patient accounts and are therefore biased fectefobserved are of differing severity which are
not consistent with reported copper exposure cAresms.

A case study is available detailing an individuddoanconsumed 30mg/day of copper as a dietary
supplement (well above the Tolerable upper intakell of 5 mg/day suggested by the Scientific
Committee on Food) for 2 years (10 times the RDAhwo apparent ill effects. He then increased
the copper intake to 60mg/day and was finally athdito hospital showing signs of malaise and
jaundice. His symptoms included cirrhosis of thvediand six weeks after admission to hospital he
was given a liver transplant and made a good pesatige recovery (O’'Donohue et al, 1993).

Other human epidemiological data are availablesamdmarised in section 4.10.

Weight of evidence of all data, including human iniclents, epidemiology, and studies conducted in
experimental animals, do not to support classificédn for specific target organ toxicity following
repeated exposure

4.7.3 Conclusions on classification and labelling of refsed dose toxicity findings relevant
for classification as STOT RE

No classification is considered necessary for reggeaxposure.

RAC evaluation of specific target organ toxicity - repeated exposure
(STOT RE)

Summary of the Dossier submitter’s proposal

No data on coated copper flakes are available in the CLH report. However, in light of the
proposal to read-across between the different copper compounds for systemic endpoints
(see section “"RAC general comment” above), the dossier submitter included in the CLH
report several animal studies with repeated exposure to other copper compounds
(predominantly copper sulphate pentahydrate) for various durations and routes, as well
as some human data.

Hébert et al. (1993) reported on oral 15-day drinking water and feeding studies and 90-
day feeding studies in both rats and mice, all conducted with copper sulphate
pentahydrate but none guideline compliant. In addition, three studies where copper
sulphate was administered in the diet at one or several doses for up to 15 weeks and
animals sacrificed at several intervals, were also reported (Haywood, 1980, 1985;
Haywood & Comerford, 1980). One OECD TG 412 compliant 28-day rat inhalation study
conducted with dicopper oxide (Kirkpatrick, 2010) is included as well as an older non-
guideline compliant study where guinea pigs were exposed via inhalation to Bordeaux
mixture for about 6 months (Pimentel & Marques, 1969). Finally, an OECD TG 410
compliant dermal rabbit study is included (Paynter, 1965), with exposure to copper
dihydroxide for 3 weeks (5 days per week). A human case study of chronic oral self-
administration of copper causing liver failure (O’'Donohue et al., 1993) and human
volunteer studies demonstrating nausea associated with copper sulphate in drinking
water (Araya et al., 2001, 2003) are also reported, as are human case studies of chronic
inhalation exposure to Bordeaux Mixture causing pulmonary lesions (e.g. Pimentel &
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Marques, 1969; Pimentel & Menezes, 1975, 1977).

Inhalation exposure to dicopper oxide resulted in no irreversible adverse effects up to the
highest dose tested in rats (2 mg/m?®). Following dermal exposure to rabbits,
degenerative skin abnormalities were only observed at 1000 but not at 500 mg
copper/kg bw/day. Human data is poorly reported and doses are difficult to estimate.
Following oral exposure in rats, target organs of copper were the liver (inflammation),
kidneys (histopathological changes) and forestomach (hyperplasia and hyperkeratosis),
with some evidence of haematological changes. Mice were less sensitive, with adverse
effects limited to the forestomach. According to the dossier submitter, no serious adverse
effects were observed in the available oral studies below the cut-off value for
classification (100 mg/kg bw/day for a 90-day study). After considering all available
human and animal data, the dossier submitter concluded that they do not support
classification for specific target organ toxicity following repeated exposure.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

RAC notes that no data are available on coated copper flakes. The CLH report contains
data on other copper compounds (predominantly copper sulphate pentahydrate), from
which the dossier submitter proposed to read-across to coated copper flakes. In view of
the considerations presented in the section “"RAC general comment”, RAC has not
pursued the aspect of grouping any further. RAC concludes that in the absence of
relevant data, no proposal for classification for specific target organ toxicity following
repeated exposure can be made for coated copper flakes.

4.8 Germ cell mutagenicity (Mutagenicity)

Copper has been extensively investigated in asefienutagenicity studies in various salts. The
majority of studies were from the literatuta,t there are three core guideline compliant GLP
studies.

Table 27: Summary table of relevamtvitro andin vivo mutagenicity studies
Method | Results | Remarks | Reference
In vitro

Ames Cytotoxicity at 800 pg/plates | OECD 471 Ballantyne
S. typhimurium and at 200 and 400 pg/plates | gLp (1994)

TA 98, TA100, TA1535, with S9 Purity: 99-100.5%

TA1537, TAL02. +S9: negative

Copper sulphate pentahydrate -S9: negative

Five concentration: 50, 100, 200,

400 and 800 pg/plates

+/- metabolic activation system

Positive and negative controls

Pre-incubation: 1 hour with

metabolic activation

Ames +S9: Not investigated No guideline Marzin, D.R., Phi,
S. typhimuriunTA 102 -S9: negative No GLP H.V.
Copper sulphate Lack of data (1985)
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10, 30, 100, 300, 100 and nM/plate

Positive and negative controls
Triplicate

Ames

S. typhimuriunTA 98, 100, 1535,
1537, 1538, ané. coliwP2
Copper sulphate

Copper sulphate
Cytotoxicity not stated.
+S9: negative

-S9: negative

Guidelines followed
with lacks.

No GLP

Moriya, M., Ohta,
T., Watanabe, K.,
Miyazawa, T.,
Kato, K. Shirasu,
Y

(i983)

Up to 5000ug/plate.
Oxine copper Oxine copper
Up to 50ug/plate. Cytotoxicity above 5ug/plate
+S9: negative
-S9: negative
In vitro UDS Lowest concentration non- Guideline not stated| Denizeau, F.,
Primary rat hepatocytes cytotoxic No GLP Marion, M.
Copper sulphate Highest concentration Lacks of data (1989)
Concentrations - moderately cytotoxic
7.9,15.7,41.4, 78 M _ ) ]
(incubation 20h) +89.. Not_ |_nvest|gated
+/- hydroxyurea sg E.osmve. _
Positive and negative controls Significant §t!mu!at|on .
Triplicate of 3H-thymidine incorporation
P into the DNA, both in presence
and absence of hydroxyurea and
at all concentrations (dose-
dependent).
Ames +S9: negative OECD 471 Dillon, D. M.,
S. typhimuriunTA 98, 100, 1535, | -S9: negative GLP Riach, G. C.
1537, 1538. Deviation: lack of (19942)
Technical Bordeaux strain TA 102 oiE.
mixture coli.wWP2
First replicate: 33, 100, 333, 100( Purity: not stated
3333, 10000
ug/plate
Second replicate: 312.5, 625,
1250, 2500, 5000, 10.0Q@y/plate.
Third: 1000,2000,
3000, 4000, 5000, 60Q@/plate
(TA 98 and 100)
Ames Toxic effects observed above | OECD 471 Dillon, D. M.,
S. typhimuriunTA 98, 100, 1535, | 3333wg/plate No GLP Riach, G. C.
1537, 1538 Deviation: only 2 | (1994b)
Copper +S9: negative tested strain
oxychloride. -S9: negative Purity: 98.3%
First: 33, 100, 333, 1000, 3333,
1000Qug/plate
Second: 312.5, 625, 1250, 2500,
5000, 1000Qwg/plate
Third: 1000, 2000, 3000, 4000,
5000, 600Qug/plate (TA 98 and
100)
Ames +S9: negative Bossotto, A.,
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S. typhimuriunTA 98, TA100
Copper Nordox Technical
0.1, 1.0, 10, 2@g/plate.

-S9: negative

Allegri, R.,
Chujman, A,
Tercefio, A.,
Mannocci, S.
(2000)

Ames

S. typhimuriunTA 98,TA102,
TA1535, TA1537

Copper chloride
160ppm and 200ppm (no
more precision).

+S9: negative
-S9: negative

Guideline not stated
No GLP

Deviations: lack of
data

Purity: not stated

Wong P.K. (1988)

Rec-assay

+S9: Not investigated

Non-guideline study

Kanematsu, N.,

Cold incubation assay in -S9: negative No GLP Hara, M., Kada,
recombination-repair deficient Deviations: Lack of | T
strains of information on (1980)
Bacillus Subtilis concentrations.
cucCl and cucl Purity: not stated
UDS and SCE +S9: Not investigated Non-guideline study| Sideris, E.G.,
assays -S9: Assay showed binding Deviations: Lack of | Charalambous,
. 5 concentrations. (1988)

Copper (Il) nitrate positive SCE o

No positive control,

experimented not

duplicated.

Purity: not stated
In vivo
Mouse micronucleus Negative OECD 474 Riley, S.E.
CD-1 mice Decreased ratio of PCE to NCE GLP (1994)
5/sex/groups after 2|4_h g_ompzfehd to vehicle | pyrity: 99-100.5%

control indicated that copper

Copper sulphate sulphate had been absorbed into
Oral gavage the bone marrow.
First: LD50 745 mg/kg
Main study:
2 days at 447 mg/kg
(i.e. 113.76 mg Cu/kg).
Twice on consecutive days
Sacrifice 24 and 48h, after second
treatment.
Positive control
UDS Rat (hepatocytes) Negative No guideline Ward, P.J.
Wistar rats. GLP (1994)

6 males/group

Copper sulphate

Oral gavage

632.5, 2000

mg/kg (equivalent to

161 and 509 mg
copper/kg/day),

once

sampling times: 12-14h or 2-4h

No production of a group mean
net grain counter greater than
1.0 in primary cultures of
hepatocytes treated with 3H
thymidine.

No more than 1.0 % of cells
found in repair at either dose.

Purity: 99-100.5%
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post dosing
positive and negative controls

Swiss mice Bone marrow Guideline not stated| Bhunya, S.P.

Groups of 3 mice chromosome aberration No GLP Pati, P.C.

Copper sulphate Lack of information | (1987)
Aberrations such as gaps more

Bone marrow frequent than, breaks, fragments,

chromosome aberration exchange of rmgg o

study, micronucleus Greatest effect with IP inj.

assay and sperm .

abnormality assay Micronucleus:

in the mouse o

ip injection _Slgnlflcant dose_-dgpendent
increase in the incidence of
micronuclei.

Bone marrow

chromosome aberration Sperm abnormality assay:

study Significant dose-related increase
in the mean number of abnormal

IP inj, doses 5, 10, 20 mg/kg,. | sPerm (head shapes, tail

Mice killed after 6h (20 mg/kg), | attachments and double tailed

24h (5, 10, 20mg/kg) and 48h | sperm).

(20mg/kg).

Other group with IP inj.of 4

mg/kg/day during 5days. Mice

killed 24h after the last injection

Oral or SC: dose: 20mg/kg;

sacrifice 24 h later.

Micronucleus

5, 10, 20mg/kg/day; 2 inj. at 24h

interval. Mice killed 6h after the

2nd. Inj

Sperm abnormality assay

IP inj. Doses: 1, 2, 4 mg/kg/day 5

consecutive days.

Sacrifice 35 days after the first inj.

500 sperm examined for each

animal.

Bone marrow Positive Guideline not stated| Agarwal, K.,

chromosome aberration (meet OECD 475) ?hlarliga' A(-;

. . alukder, G.

The aberrations induced were | No GLP (1990)

Swiss albino Mice
6 mice/groups
Copper sulphate

IP injection

Doses: 1.1, 1.65, 2.0,

mainly of the chromatid type
and only in the higher dose
groups were chromosomal
breaks significantly enhanced.
There were positive trends with
increasing dose for the number
of chromosomal aberrations pe
cell and the % damaged cells g

—

all hours of exposure.
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3.3, 6.6 mg/kg.

Sacrifice of 6 mice at 6, 12, 24h,
after treatment for each dose

Positive control:

Mitomycine C.

Mouse micronucleus Negative Guideline not stated| Tinwell, H.
GLP: not stated Ashby, J.

Male CBA mice Reduced PE/NE ratio indicated Deviation: no (1990)

5 animals/group that copper sulphate had been| statistical analysis

Copper sulphate absorbed into the bone marrow. Purity: not satated

Deviation: Statistical analyses

I-p. Injection not performed

Doses: 6.6, 13.2, 19.86 mg/kg.
Sacrifice of 6 mice at

24h (all doses) or 48h (6.6 mg/kg),
after treatment.

Positive controls:

Cyclophosphamide and Vincristin
sulphate.

[}

4.8.1 Non-human information

4.8.1.1 In vitro data

Thein vitro systems, particularly those involving isolated maatan cells, may not be valid in the
risk assessment of copper. Copper absorbed Hyoiteis always bound , and transfer from
blood/plasma to cells is regulated such that coppsesed through the cell membrane is also bound
to metallothioneins within the cell, before beingarporated in various enzymes. Theitro tests
bypass these strict control mechanisms and effdgtpwesent the cell with a totally artificial
situation of excess free copper ion. The free eopn is highly reactive, and the presence of high
guantities of free ion in cell cultures will caugisruption of the cellular processes.

As in vitro data are not appropriate to assess genotoxicicppper (Arce, 1998) and that several
datain vivowere availablgin vitro data are only summarized in the table above

4.8.1.2 In vivo data

Reference: Ward, P. J. (1994)
Guideline:  No

GLP: No

Deviations: None

Doses of 623.5 and 2000 mg/kg bw of copper Il salptpentahydrate were administered to male
Wistar rats by gavage at a dose volume of 10 mlblg to groups of 6 rats. Doses were
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administered on two occasions separated by 2 hblegative control animals received water only.
Positive control animals received an oral dose-at2tamidofluorene, suspended in corn oil at 75
mg/kg (experiment 1) or dimethylnitrosamine, susieehin water at 10 mg/kg (experiment 2).After
12-14 hours (experiment 1) or 2-4 hours (experinZnthe rats were killed and the livers perfused
with collagenase to provide a primary culture opdtecytes. Cultures were made from 5 animals
per group and were treated with] thymidine. Slides were treated with photograpéiculsion to
prepare autoradiograms, and examined microscoypictle net grain count, the number of grains
present in the nucleus minus the number of grams iequivalent areas of cytoplasm, was
determined.

Negative (vehicle) controls and positive controtsyfomed the validity of the assay. Treatment
with 632.5 or 2000 mg/kg bw copper Il sulphate {eglent to 161 or 509 mg copper/kg bw) did

not produce a group mean net grain count greatar tih.0, nor were there any more than 1.0%
cells found in repair at either dose (table 28).

Copper Il sulphate pentahydrate has no genotoxizitgan the in vivo rat liver UDS assay.

Table 28: Group mean net grain counts for experiment 1 and 2

12-14 hour sacrifice time

Net nuclear grain count (NG) Net grain count of cells in Percent lc\)lfGC>65“S in repair
Dose (mg/kg) repair (NG=5)
Mean SD Mean SD Mean SD
0 water -1.3 0.6 0
632.5 -1.3 0.3 10.2 6.4 0.6 0.9
2000 -1.0 0.3 55 0.9 1 1
75 2-AAF 12.7 0.9 13.7 0.8 90.0 4.0
2-4 hour sacrifice time
Net nuclear grain count (NG) Net grain count of cells in Percent lc\)lfGC>65“S in repair
Dose (mg/kg) repair (NG=5)
Mean SD Mean SD Mean SD
0 water -2.2 0.3 0
632.5 2.2 0.2 0 - -
2000 -3.2 0.5 0 - - -
10 DMN 17.2 2.8 17.3 2.7 99.6 0.9

Reference: Riley, S. E. (1994)
Guideline: OECD 474
GLP: Yes
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Deviations Yes
* Only one dose tested in the main study.

Copper Il sulphate pentahydrate was administeratlydny gavage to groups of male and female
CD-1 mice. In the main study, mice were treatedvem consecutive days at 447 mg/kg bw/day to
groups of 5 male and female mice, that were kib@tler 24 or 48 hours after the second dose.
Groups of mice were also dosed on two consecutays avith vehicle (distilled water) only and
killed either 24 or 48 hours after the second dase, other groups of 5 male and 5 female mice
were dosed with the positive control cyclophospliEndissolved in purified water at 80 mg/kg bw
and killed after 24 hours.

Erythrocytes of bone marrow were observed in allimafs, in order to determine
polychromatic/normochromatic erythrocytes ratio &meduency of micronucleated PCE/1000 cells
determined.

Several animals in the main study died prior toesicted sacrifice (5 out of 10 males and 3 out of
10 females), indicating that it would not have bgassible to administer the test material at a
significantly higher dose. Mice treated with coppksulphate pentahydrate showed decreased
ratios of polychromatic erythrocytes (PCE) to nocmomatic erythrocytes (NCE) when sampled
after 24 hours, compared to concurrent vehicle rotsyt indicating that copper Il sulphate
pentahydrate had been absorbed into the bone maifber PCE/NCE ratios seen in animals
sampled at 48 hours were similar to those of comatnomals. Mice treated with copper Il sulphate
pentahydrate exhibited frequencies of micronucte&®€EE which were similar to vehicle controls at
all sampling times. There were no instances ofssiedlly significant increases in micronucleus
frequency for any group receiving the test chematatither sampling time. The positive control
animals exhibited increased numbers of micronuete@blychromatic erythrocytes, such that the
frequency of micronuclei was significantly greattesn in concurrent controls (table 29).

Table 29: Summary of group mean findings
Group mean frequency of
Treatment group (mg/kg) Kill time Sex Mean ratio micronucleated PCE (per 1000)
twice (hours) PCE/NCE Per sex Per treatment
group
24 3 1.07 0.4 0.35
Vehicle control ? 1.20 0.3
48 3 1.44 0.38 0.33
Q 0.83 0.3 '
3 0.70 0.6
447 24 Q 0.84 0.4 0.5
48 3 1.12 0.5 0.45
Q 1.32 0.4 '
o d 0.52 26.87
Positive control CPA, 80+ 24 0 048 5927 28.07

Conclusion: Copper Il sulphate pentahydrate did not induce omigclei in the polychromatic
erythrocytes of the bone marrow of mice at 447 meWw/day (equivalent to
113.76 mg copper/kg bw/day), a dose at which lichiteortality was observed.

Reference: Bhunya, S.P. and Pati, P.C. (1987)
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Guideline:  No
GLP: No
Deviations: Yes
* Only three animals per group were used,
* no positive control group,
» in the micronucleus test animals were killed 6terathe last injection.

Three parameters were analysed:
* Bone marrow chromosome aberration assay,
* micronucleus assay,
* sperm abnormality assay.

Bone marrow chromosome aberration assay:

Swiss mice, with an average body weight of 25g,evaetministered hydrated copper sulphate, by a
single intraperitoneal injection, at dose level$010 and 20 mg/kg and groups of three were killed
after 6 h (20 mg/kg), 24 h (5, 10 and 20 mg/kg) 48dh (20 mg/kg). Another group of animals was

administered the test article at a dose level omgatkg divided into 5 equal parts, each part

administered daily by intraperitoneal injection r@/kg/d during 5 days) and the animals were

killed 24 h after the last injection. A similar gno of animals was administered double distilled

water and served as controls. Further groups ahalsi were given a single administration of the

test article orally or by subcutaneous injectioraadose level of 20 mg/kg and were killed after

24 h. Groups of animals were given double distiliater by similar methods to serve as controls.
Colchicine was used, shortly before sacrifice, aspimdle inhibitor. Bone marrow smears were

prepared and 100 metaphases per animal were dooraloerrations.

Micronucleus assay:

The test article was administered to groups ofettfBaiiss mice by two intraperitoneal injections,
separated by 24 h, at dose levels of 5, 10 anddRgnA similar group received double distilled
water and served as controls. The animals weredk8l h after the second injection. Bone marrow
smears were prepared and 1,000 erythrocytes pmabsacored for micronuclei.

Sperm abnormality assay:

The test article was administered to groups ofetl8@iss mice by intraperitoneal injection at dose
levels of 5, 10 and 20 mg/kg, each dose being splitfive equal parts and each part being injected
daily at 24 h intervals. A similar group receiveoutle distilled water and served as controls. The
animals were killed 35 days after the first injenti Sperm were collected from the cauda
epididymides and slides prepared. Five hundredsiem each animal were examined and sperm
abnormalities categorised. Statistical analyse®werformed on each series of tests.

Bone marrow chromosome aberration assay:

Treatment induced aberrations such as gaps, bréaksgnents, double minutes, exchanges and
rings, with gaps being more frequent than breakpeRted exposure of fractionated doses induced
less aberration than that of the equivalent dosa siegle dose. The greatest effect was produced
when copper sulphate was administered by intrapezdl injection (table 30).

Table 30: Chromosomal aberrations (%)
Kill (h) Dose level (mg/kg)
0 | 5 | 10 | 20
Single intraperitoneal injection
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6 - - - 4.00*
24 - 4.00* 4.66* 5.00*
48 0.70 - 4.33*
Multiple intraperitoneal injection

120 | - | | - | 4.00*
Oral

24 | 0.66 | | - | 4.00*
Subcutaneous injection

24 | 0.66 | | - | 4.66*

* Statistically significant using an equality ofgportion test

In all cases, chromosomal aberrations were predamtiynchromatid gaps and when gaps are
excludes, results were similar to negative controls

Micronucleus assay:

There was a significant dose-dependent increageimcidence of micronuclei (table 31).
However, a statistically significant increase ie fhrequency of nuclei in lysis compared to controls
was also reported for all doses investigated, atthg that all the doses of copper sulfate used in

this study were cytotoxic.

Table 31: Bone marrow counts (mean %)
Dose level (mg/kg)

0 5 10 20
Number cells examined 3000 3000 3000 3000
Poly and normochromatic erythrocytes with 0.15 0.98 1.41 1.76
micronuclei
Poly/normochromatic ratio 0.88 1.10 1.10 1.10
Immature white cells with micronuclei 0.06 0.40 8.8 1.23
Nuclei in lysis - 0.20 0.30 0.46
Total 0.21 1.58* 2.59* 3.45*

* Statistically significant using an equality ofgportion test

Sperm abnormality assay:

There was a significant dose-related increaseeamtban number of abnormal sperm. Varieties of
abnormal sperm were induced, including various hsepes, tail attachments, double headed and

double tailed sperm (table 32).

Table 32:

Incidence of sperm abnormality

Dose level (mg/kg)

0 5 10 20
Number sperm examined 1500 1500 1500 1500
Number abnormal sperm 62 87 166 231
Mean % 2.06 5.80* 11.60* 15.40*

* Statistically significant using an equality ofgportion test

Conclusion: Results indicated that copper sulphate solution imidtered by intra-peritoneal
injection (where free copper is injected directiythe abdominal cavity) caused mutagenic activity
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in bone marrow cells and in sperm. However, thistecof administration is inappropriate, as it
avoids the normal processes of copper absorptidrdistribution.

Chromosomal aberration study in vivo where copperadministered orally (the natural route,
whereby uptake is controlled by homeostatic medmas) is positive (at 20 mg/kg). However,
chromosomal aberrations were predominantly chrahgdps and when gaps are excludes, results
were similar to negative controls. Moreover, orillyee animals are used whereas in the guideline
10 animals are recommended.

Dose, route and time influenced significantly thegtiency of chromosomal aberration, incidence
of micronucleus and sperm abnormality. The studyaded from the guideline and the findings are
consequently considered to be unreliable.

Reference: Agarwal, K., Sharma, A. and Talukder, G. (1990)
Guideline:  No. Generally meets requirements of OECD 475
GLP: No.
Deviations: Yes
» Groups of six male mice were used for each dosa Bweach time point,
* no cytotoxicity was observed and reported in thisly,
* only 50 metaphase plates from each 6 animals pse deere scored, whereas OECD
guideline 475 require that “At least 100 cells dddae analysed for each animal.

The test article, copper sulphate pentahydrateatonic saline, was administered by intraperitoneal
injection to groups of Swiss albino male mice asaltevels of 1.1, 1.65, 2.0, 3.3 and 6.6 mg/kg.
Prior to sacrifice (1.5 h) the mice were injectathwd mg/kg colchicine, a spindle inhibitor. Groups
of six mice were killed at 6, 12 and 24 h afteatreent for each dose. A similar group of mice was
treated with 1.5 mg/kg mitomycin C (a positive gohtarticle) and then animals killed after 6 h.
Bone marrow smears were prepared by standard nethadi 50 metaphases from each of the six
animals from each group were scored for aberratiexduding gaps.

The aberrations induced were mainly of the chradngtpe (isochromatid breaks and chromatid
gaps) and only in the higher dose groups were cbhsomal breaks significantly enhanced. When
gaps were excluded, there were positive trends iwtiteasing dose for the number of chromosomal
aberrations per cell and the % of cells with asieane chromosomal aberration at all time points
and doses investigated. Further analysis of thea ddmonstrated that both chromosome
aberrations/cell and % of cells with at least oheomosomal aberration (excluding gap) were
significantly higher at 6h compared to 12 and 2#laladoses investigated, indicating a relative
early onset of clastogenesis. The highest condemiraf copper sulphate produced higher values in
the chromosomal aberrations per cell and % dameegisiat 6 and 12 h exposure than the positive
control, mitomycin C (Table 33).

Table 33: Chromosomal aberrations
Exposure Mitomycin C Dose level (mg/kg)
(h) 1.5 mg/kg 0 | 11 | 1.65 | 2 | 3.3 | 6.6
Chromosome aberrations (excluding gaps)
6 0.077 0.017 0.053 0.060 0.073 0.06} 0.100
12 0.017 0.023 0.040 0.037 0.05( 0.087
24 0.010 0.037 0.047 0.047 0.04( 0.050
% damaged cells with at least 1 aberration
6 | 7.667 | 1.670] 5.330] 6.000| 7.330 6.67D 10.00
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4.000
4.670

3.670
4.670

5.00(
4.00(

8.67
5.00

o

12 1.670
24 1.000

2.330
3.670

o

Conclusion: Results show that copper sulphate is a moderastoglanic agent in mice causing a
significant increase in aberrations at higher diesels. Intraperitoneal injection bypasses the
natural mechanisms for binding copper, and is na@ropriate route to assess oral exposure.

Reference: Tinwell, H. and Ashby, J. (1990)
Guideline:  No but very close

GLP: No

Deviations: Yes

» Statistical analyses were not performed.

The study was performed as a direct response t@rindous study and published in the same
journal. Hydrated copper sulphate dissolved inilsteéleionised water was administered by a single
intraperitoneal injection to groups of six male CBAice at dose levels of 6.6, 13.2 and
19.86 mg/kg. Other groups of six mice of the sampe, adex and strain were given distilled water
and served as controls. Positive control articleg;lophosphamide and vincristine sulphate
dissolved in sterile deionised water, were admanest to groups of mice at dose levels of 65 mg/kg
(two mice) and 0.1 mg/kg (one mouse), respectivilylose volume of 10 mL/kg was used. The
animals were killed 24 h (all doses) or 48 h (6dikg dose only) after treatment. Bone marrow
smears were prepared and 2,000 polychromatic exytes (PE) were assessed for micronucleated
PE. The ratio of PE to normocytes (NE) was deteechifrom 1,000 erythrocytes. Statistical
analyses were not performed as the results wergdzmed to be obvious.

No toxicity was reported at the lowest dose le®eb (mg/kg) during the course of the experiment.

At the other two dose levels, the animals were nteploas appearing subdued. In addition, a marked
depression in erythropoiesis (reduced PE/NE ratia3 observed at both 13.2 and 19.86 mg/kg,
indicating cytotoxicity. The dose of 19.86 mg/k@%6 of LD50) was estimated to be the maximum

tolerated dose. Copper sulphate failed to indue@anuclei in the bone marrow at any of doses or
time points investigated. These results conflighwihose of the preceding study.

Table 34: Mean bone marrow counts
Dose level (mg/kg) Cyclophos-| Vincristine
0 0 phamide sulphate
Test1l | Test2 6.6 13.2 19.8 (65 mg/kg) (0.1 mg/kg)
MPE/1000 PE at24 h 2.6 15 3.3 2.1 2.( 65.25 10.5

at48 h 2.5

PE/NE ratio at24 h 0.9 0.9 1.0 0.5 0.45 0.7 0.7
at 48h 0.9

Conclusion: Copper sulphate did not induce micronuclei in tloemdo marrow of mice. As this
conflict with a preceding study and the age and a¢lethe animals were the same, there is the
possibility of a strain specific bone marrow respgralthough no precedent exists.
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4.8.2 Human information

No data available.

4.8.3 Other relevant information
Literature review on copper genotoxicity:

Reference:Arce, G. T. (1998), Griffin, Unpublished report.

This report is a summary of evidence from the ditere. The report emphasises the essential nature
of copper including its presence in the cell nuslassociated with stabilising genetic materials and
with DNA polymerases. Copper appears to be essefdrathe replication of DNA, and
transcription of RNA.

The report notes tha vitro systems, particularly those involving isolated maaham cells, may
not be valid in the risk assessment of copper. €Eoppsorbed by the body is always bound, and
transfer from blood/plasma to cells is regulatechstinat copper passed through the cell membrane
is also bound to metallothioneins within the cedfore being incorporated in various enzymes. The
in vitro tests bypass these strict control mechanisms dadtigely present the cell with a totally
artificial situation of excess free copper ion. Tree copper ion is highly reactive, and the presen
of high quantities of free ion in cell cultures \ghause disruption of the cellular processes. These
effects may be manifest as gene mutations, but ti@urrence is not evidence for mutagenic
activity of copper, but shows that the proper com@ion of copper is vital for the correct
functioning of all cells.

Copper has rarely been found to be mutagenic aloneombination with certain chemicals or UV
light, it can cause mutation by allowing the praitut of hydroxyl radicals, where excess copper is
the catalyst producing oxidation through the Cy/@u(l) redox cycle. The report also notes that
copper, like iron, has been shown to be respon&iblducing mutations through the formation of
metal-generated free radicals, often in the presehanother chemical.

One such report cited the role of copper in DNAastk breaks when the chemical menadione is
added to Chinese hamster fibroblast cultures. Ntitiadal copper was added. There is enough
natural copper present in the cells: menadioneceduhe release of sufficient stored copper from
the cell to produce hydrogen peroxide through du®x reaction, which produced sufficient oxygen
free radicals to cause DNA damage. Similar studiase been performed with UV light,
hydroquinone and ascorbic acid.

4.8.4 Summary and discussion of mutagenicity

The potential mutagenicity of copper compoundshee investigated in a number of in vitro
assays in bacterial and mammalian cells, and iaraéin vivo assays.

Ames tests were negative. Twovitro studies were positive. The vitro UDS positive results is
considering not relevant as tirevivo UDS study was negative. The SCE weak positiveltrésu
considered equivocal due to the lack of informatrothis study.

Two in vivo tests performed by the oral route (a micronuckssay and a UDS test of Riley, S.E.,
1994 and Ward, P.J., 1994, respectively) presentecconcern about their validity and were
negative. Only the chromosomal aberrations studgtoiya (1987) presented positive results at 20
mg/kg. However, chromosomal aberrations were préamily chromatid gaps and when gaps are
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excludes, results were similar to negative contiglgreover, only three animals are used whereas
in the guideline 10 animals are recommended. Cargsdly, the findings were not considered.
Results of these studies provide no evidence tbpper compounds are mutageimcvivo upon
oral administration.

Following non-oral exposure, two tests via ip @preritoneal) (Bhunya, S.P., 1987 and Argawal,
K., 1990) showed positive results, although the¢ s@ame short comings: no positive control had
been used for one, a low number of animals had bset and a low number of cells examined, and
both studies were no GLP. Moreover, this routedshimistration is inappropriate, as it avoids the
normal processes of copper absorption and distoibuEurthermore, these results are in conflict
with an additional well-conducted negativevivo micronucleus studyia intraperitoneal injection
(Tinwell, H., 1990).

To conclude, a number of studies have been perfhrrbat several suffer of deficiencies.
Consideration of the weight of evidence framvitro andin vivo tests, leads to the conclusion that
copper compounds are likely not mutagenic.

Overall, data indicates that copper compounds donmeet the criteria for classification as a
genotoxic.

4.8.5 Comparison with criteria

1) Criteria in the CLP classification:

A substance shall be classified in category 2 fangcell mutagenicity endpoint if the substance
causes concern for humans owing to the possihiigy they may induce heritable mutation in the
germ cells of humans. This classification is based
» Positive evidence obtained from experiments in maferand/or in some cases from in vitro
experiments, obtained from:

o Somatic cell mutagenicity tests in vivo, in mamm@isammalian bone marrow
chromosome aberration test, mouse spot test or nasiemm erythrocyte
micronucleus test); or

o Other in vivo somatic cell genotoxicity test (UDS 8CE assay) which are
supported by positive results from in vitro mutaigén assays (in vitro mammalian
chromosome aberration test, in vitro mammalian gefle mutation test or bacterial
reverse mutation test).

2) Comparison with criteria:

For copper compounds, positive results were obdefee bone marrow micronucleus assay
(Bhunya, 1987) and bone marrow chromosome abenrassays (Bhunya, 1987 and Agarwal,
1990) when the substance was administerednbg-peritoneal route. However, this route is

considered as inappropriate as it avoids the nopradess of copper absorption and distribution.
And another bone marrow micronucleus assay (Tinwi9R0), with less deficiency than the
Bhunya's study, was available and gave negativeltrdgoreover, two in vivo reliable test (bone

marrow micronucleus assay (Riley, 1994), UDS inadtegyte cells (Ward, 1994) performed by the
oral route (natural route, whereby uptake is cdlgtidoy homeostatic mechanisms) were negative.
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4.8.6 Conclusions on classification and labelling
In this context, the available data do not suppatassification for mutagenicity endpoints.

However, there was insufficient evidence to excladecal genotoxic potential of copper as some
studies by I.P route were positive (but with a l@hability) and that UDS and SQGR vitro tests
without metabolic activation were also positive.

RAC evaluation of germ cell mutagenicity

Summary of the Dossier submitter’s proposal

No data on coated copper flakes are available in the CLH report. However, in light of the
proposal to read-across between the different copper compounds for systemic endpoints
(see section “RAC general comment” above), the dossier submitter included in the CLH
report mutagenicity studies with other copper compounds (predominantly copper
sulphate pentahydrate).

Ten in vitro studies were very briefly summarised in tabular form. Three Ames tests
conducted with copper sulphate (pentahydrate) and another four conducted with
Bordeaux Mixture, dicopper chloride trihydroxide, copper Nordox Technical and copper
chloride were all reported as negative as well as a rec-assay with copper chloride. An
unscheduled DNA synthesis (UDS) test conducted with copper sulphate in primary
hepatocytes and an UDS and sister chromatid exchange (SCE) assay with copper nitrate
in Chinese hamster V79 cells showed positive results in the absence of metabolic
activation. The dossier submitter did not discuss these studies further in the report, as in
vitro data are not considered appropriate to assess the genotoxic potential of copper.
This is because absorbed copper is normally always bound to proteins in the body, where
the in vitro tests present the cells with free copper, which is highly reactive.

Five in vivo studies are included in the CLH report, all conducted with copper sulphate
pentahydrate. A negative mouse bone marrow micronucleus assay (Riley, 1994) and a
negative rat liver USD assay (Ward, 1994) administering copper sulphate pentahydrate
by gavage are presented. In addition, three studies administering copper sulphate
pentahydrate by intra-peritoneal (IP) injection to mice are included. Two bone marrow
chromosome aberration assays were concluded as positive as well as a sperm
abnormality assay and one out of two micronucleus assays (Bhunya & Pati, 1987;
Agarwal et al., 1990; Tinwell & Ashby, 1990). Mice also scored positive for bone marrow
chromosome aberrations following oral and subcutaneous administration of copper
sulphate pentahydrate (Bhunya & Pati, 1987). Considering that the IP route bypasses the
normal processing of copper in the body, that there were conflicting results for two IP
micronucleus assays, and that two reliable studies via the oral route (where uptake is
controlled by homeostatic mechanisms) were negative, the dossier submitter concluded
that the available data do not support classification for germ cell mutagenicity for copper
compounds, including coated copper flakes.

Comments received during public consultation

For five of the ten copper compounds under consideration, one MSCA commented that
the available genotoxicity data are insufficient to evaluate, and thus to conclude on, the
genotoxic potential of copper compounds. The dossier submitter responded that in their
opinion the data do not meet the criteria for classification, but acknowledged that
insufficient evidence exists to exclude a genotoxic potential via the IP route, referring
also to the EFSA peer review of copper substances (EFSA, 2008) where it was concluded
that genotoxicity is not of concern upon oral administration, but that there is insufficient
evidence to exclude a (local) genotoxic potential upon non-oral administration.

Assessment and comparison with the classification criteria
RAC notes that no data on coated copper flakes are available. The CLH report contains
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data on other copper compounds (predominantly copper sulphate pentahydrate), from
which the dossier submitter proposed to read-across to coated copper flakes. In view of
the considerations presented in the section “RAC general comment”, RAC has not
pursued the aspect of grouping any further. RAC concludes that in the absence of
relevant data no proposal for classification for germ cell mutagenicity can be made for
coated copper flakes.
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4.9  Carcinogenicity

Table 35: Summary table of relevant carcinogenitidies

Method Results Remarks Reference

Rat 3% Guideline not stated Harrisson,

Sprague-Dawley 22% Survivalvs30% in control. Plasma copper level slightly | No GLP JW.E,

Daily in diet elevated (303 pg/100mak 180pg/100mL in control). Deviations: éel\z”n’

Sodium copper chlorophyllin There were no indication of increased tumour inctgeat 104 | Number of animals too small to concluded on a Trabin, B.
weeks carcinogenic potential. (1954)

20/sex/group exposed for 104 Numbers of organs were not examined.

weeks 2/sex/group exposed for 10

weeks and 3/sex/group exposed for

52 weeks

0.1, 1 or 3% (=2.7, 27

or 80 mg Cu/kg bw/day)

Rat 1600 ppm Guideline not stated Harrisson,

Sprague-Dawley Marked reduction in bw in comparison to contrgbod No GLP JW.E,

Daily in diet efficiency. Moderatg in blood urea nitrogert. liver, kidney, - Deviations: ;eI\EIm’

Copper sulphate sto_m_ach we|ght_. Icterlt_: pigmentation and abnormdmasmic No report but a published paper. Tfat.;in B
staining properties of liver. _ » B

25/sex/group for 44 weeks ~ 530 ppm Number of animals too small to concluded on a | (1954)
==L PPN _ o _ carcinogenic potential.

530, or 1600 ppm Marked accumulation of copper levels in liver aidhleys. Numbers of organs were not examined.

(=27 or 80 The study duration is short: 44 weeks.

mg Cu/kg bw/day)

Rat 1600 ppm Guideline not stated Harrisson,

Sprague-Dawley 90% of the animals died between the fourth andteigimth. No GLP JW.E,

Daily in diet I\/_Itarked rel\(/ljucliiodn in bw inI ct(_)mpafrison to (lzontrlplp :Ioog urea | Deviations: gel\flm’
nitrogen. Marked accumulation of copper levelsved an . B

Copper gluconate kidneys.1 liver, kidney, stomach weight. Icteric pigmentatiand No report but _a published paper. Trabin, B.

25/sex/group for 44 weeks abnormal cytoplasmic staining properties of liver. Number of animals too small to concluded on a | (1954)

1600 ppm (=80 mg Cu/kg bw/day

carcinogenic potential.
Numbers of organs were not examined.
The study duration is short 44 weeks.
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Rats No deaths|body weight gain, liver weight. No guideline study Haywood
4 male weanling /groups Copper content in both liver and kidney rose to imaxn values| No GLP (1980)
For1,2, 3,6,9, and 15 weeks | in week 6, after which levels fell. Dietary adminaion of copper peviations: too short to be used for carcinogeyicjt
in diet as sulphate at 2000 ppm was associated with hggoalochangeg assessment.
to the liver and kidney, reaching a maximum afi@rvgeeks of
2000 ppm copper treatment, followed by recovery to week 15. Initiacopper
(equivalent to approximately 200| accumulated with little effect, but from 2-3 weeksstological
mg/kg bw/day) changes were evident in both tissues. Accumulatie@ntually
caused a crisis, associated with severe necrosigwed by
regeneration and recovery.
Rats 3000 ppm No guideline study Haywood,
Wistar |body weight gain. Liver copper concentration rosmidly | No GLP S.,
Male weanling between 4 and 5 weeks but fell significantly at kvée By week| peviations: too short to be used for carcinogeyicjt(1985)

Copper sulphate

4/groups for 1, 2, 3, 4,5, 6 and 15

weeks
In diet
0, 3000, 4000, 5000 or 6000 ppm

approximately equivalent to 150,
200, 250, 300 mg/kg bw/day

15, copper content had fallen to the same levat asek 2.

. Renal copper concentration rose more slowly thathe liver,
with a maximum between 4 and 5 weeks. This conagatr
declined very slightly to week 15.

Liver and kidney damage between 2 and 5 weeksgsguient full
recovery.

Renal histopathology at 3000 ppm was similar to sean at 200(
ppm in the earlier study.

4000 and 5000 ppm

Clinical deterioration between 3 and 4 weeks anbssguent
recovery.

Liver and kidney damage between 2 and 5 weeks, suitisequen
full recovery.

The findings showed earlier onset and were cordlatith the
earlier liver findings. Findings were more marked.

6000 ppm
No weight gain. Two animals died in week 2. At we6K
remaining animals showed weight loss and detefigyatondition
and were sacrificed.

Maximum liver concentrations at week 2 and fellyoloy week 6.
In the kidney, copper concentration rise until wdekhen it

assessment.

D

equalled the liver value. Necrotic liver changeglent in the first
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week, increased in severity to weeks 2-3, and tex$ih chronic
hepatitis at 6 weeks.

Rat Animals treated with copper at 3000 ppm for one gb@wed no | No guideline study Haywood,

Male weanling long-term evidence of liver toxicity: an adaptiwsponse was No GLP S,

Sequential kills 15, 20, 29 and 52 shown S|m_|lar to the earlier shorter study, anEZav_veeks_, COPPeI hoviations: Yes Loughran,

we Diet concentrations were lower than at 15 weeks. Animpedsiously _ i M.
treated with copper at 3000 ppm for 15 weeks thaevthen This study can not be considered as a key study Yioss)

Copper sulphate given 6000 ppm (double the dose) for three weeksidt show it only focus on growth rate and I|ve_r copper

3000ppm for 52 weeks (250 mg | altered liver copper concentrations, whereas pesijountreated | content. The longest of the 3 experiments(52

Cu/kg bw/d ) rats of the same age and strain given 6000 ppmezcghpwed | Weeks) does not allow the assessment of the

3000 ppm for 15 weeks followed | moderate to severe hepatocellular necrosis. carcinogenic potential of copper.

by 6000 ppm for 3 weeks

Carcinogen co-administration Copper, when added to rat diets containing the kncavcinogen | No guideline study Howell,

Rats p-dimethylaminobenzene significantly reduced thédence of No GLP J.S.

5/sex/groups :gg&i;urqgu;?}hins?sdaerﬁyﬁd tgre I(;;\ r;?:t of histoldgibanges The design of the study did not permit assessme nt1958)

Exposed for 16 or 19 months 9 yperp ' of tumour incidence of copper administered along.

In di I . However, if copper were to have any carcinogenjc

n diet or in finely ground maize . . : >

) ) action either alone, or as a co-carcinogen, tie ty

Liver carcinogen: p of study would certainly have shown an increased

dimethylaminobenzene (DMAB) incidence of tumours, and an earlier onset.

at 0.9% w/w

Copper acetate and/or ferric citrgte

were also added at 0.5% and 2.0%

respectively to some groups

Investigation of the effects of oralThe incidences of ovarian tumours after 46 week®WéLO, 0/12, No guideline study Burki,

CuSO4 on the incidence of 7,1R11/11 and 6/11 in the untreated controls, coppeatéd mice{ No GLP H.R. and

dimethylbenzg¢)anthracene DMBA-treated mice and DMBA-copper-treated mic?’urity not stated Okita, G.T.

(DMBA) induced ovarian tumourg, respectively. (1969)

tumours of the breast
lymphomas in C57BL/6J mice

ar

Mouse

C57BL/6J

Female 10-12 animals/group
Copper sulphate pentahydrate
46 weeks

Oral drinking water

dThis suggests that copper sulphate may possibigitibMBA-
induced tumour development. CuSO4 had no effethen
incidence of DMBA-induced adenomas of the lung, pjiomas
and breast tumours.
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198g/L

Rat Liver necrosis (3/32) and transitional noduleshe tiver (1/32)| No guideline study Carlton,

Sprague Dawley was observed at 40 mgCu/kg/bw/day whereas one Kkitlmeour | No GLP W.W. and

50-58 animals/male/group (1/42) was observed in the low Copper group (natught Purity not stated Price, P.S.
significant). Decreased body weight gain and ineedamortality (2973)

9 months
Oral diet
Copper sulphate

The excess Cu diet contained 80
ppm Cu as CuSp

were found in the high copper group. Exposure t@wkn
carcinogens increased the incidence of liver nésraand
transitional nodules and each induced a similaidarce of liver
tumours in rats fed excess copper or copper-deficieets.

) In the DMN group, 17/30 rats on the copper-deficiat and

kidney tumours compared to 0/29 given excess cofjer
incidence of AAF-induced extrahepatic neoplasms aygmarently

reduced by the excess copper diet. (5/30 vs 11/27).
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4.9.1 Non-human information

4.9.1.1 Carcinogenicity: oral

Reference  Harisson (1954)
Guideline:  No
GLP: No (Prior to GLP).

Deviations:

» This is not a report but a published papei.iAmerican Pharm ASS.,

* number of animals too small, with several interiacrefices, all being not due to bad
conditions,

* due to the small number of rats per group it isasgible to make any conclusion on a
carcinogenic potential,

* number of organs were not examined

* adrenals were not weighed at necropsy, clinicairasigy parameters not performed..

Potassium sodium copper chlorophyllin (104 weeks, but interim sacrifices, see below).

Twenty males and 20 females Sprague-Dawleywats dosed with 0, 0.1, 1, and 3 % of potassium
sodium copper chlorophyllin. in the diet (equivalenh53, 530 and 1600 ppm copper in the diet or
equivalent of 2.7, 27 and 80 mg Cu/kg b.w./dayhe &nimals were observed at least three times a
week for mortality and clinical observations. Bodsights, food and water consumption were
measured weekly.

During the course of the study 5 males and 5 fesnfaten each group were paired for mating for a
period of one week.

The females were allowed to litter and rear pupmaburity. Numbers of pups born and the number
raised to maturity were counted.

Haematology and urinalysis were performed at regatarvals throughout the study.

Necropsies were performed after 10 weeks (2 anipaisex per group), 52 weeks (3 animals per
sex per group)and 104 weeks (up to 10 animalsgepsr group) and organ weights (heart, lungs,
liver, spleen, kidneys, stomach, brain, uterus,riesa seminal vesicles testes) were determined.
Samples of liver, kidneys and spleen were examioectopper and iron content from animals
killed after 10, 52 and 104 weeks.

Histopathology was performed on all animals frore &2-week kill and at terminal sacrifice.
Plasma and faecal samples were taken after 62 atad/analysed for copper and ‘chlorophyllin’
content.

Mortality: Control group 30 %, group 0,1 % in diB8 %, group 3 % in diet 22 %. There is no
indication, in the published paper, for the 1 %liet group.

Bodyweight: At 3% (80 mg/kg), there is a slight gEase in comparison to controls but there were
no significant differences in body weights and bodgight gains in the chlorophyllin treated
animals compared with the controls over the 104keeé the study.

Food consumption and food efficiency were simitardll groups.
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Mating: Not all females were pregnant, although pieeiod allowed for mating was only 1 week.
Mean numbers of pups born were 7.2 for controls@bdo 9 for the treated groups. The number of
pups raised to maturity was 5.2 for the controld 4% to 6.2 for the treated groups. There were no
differences that could be attributed to treatm&he report does not state the duration of pre-rgatin
treatment.

Haematology and urine examinations: There wereiffierences in any of the parameters measured
including the oxygen carrying capacity of haemogiob

Plasma chlorophyllin and plasma copper:

Table 36: Plasma chlorophyllin and copper
Diet Chlorophyllin Copper
pag/mL p1g/100 mL
Control None 189
2.7 mg/kg b.w None 174
27 mg/kg b.w 58 196
80 mg/kg b.w 116 303

Plasma copper levels were slightly elevated irhiga dose group

Tissue stored copper: The high dose animals hdigtelg higher liver copper concentration (not
significant) after two years treatment comparedhwite controlsKidney and spleen copper
contents of the chlorophyllin treated animals wanailar to the controls.

Necropsy, organ weights and histopatholoQygan weight analysis and necropsy findings at the
interim and final kills were not adversely affectedtreatment.

Findings at terminal kill included ventricular oedl, areas of pulmonary consolidation, occasional
liver tumour and occasional cystic areas, retentigsts and minor congestion of the kidneys,
pituitary tumours, hyperplasia of the lymphoid tiesof the small intestine and occasional atrophy
of the reproductive organs. The study authors tedathat these findings were distributed among
control and test groups and were consistent wighatpe and strain of animals. No detail on the
incidence of these tumours was available.

There were no significant differences in organ Wergtios of the chlorophyllin treated animals.

At 1600 ppm, the kidneys, liver, stomach, smalestine and spleen of animals sacrificed after 52
weeks, showed only tinctorial changes with no ogliry. All sections of control and test animals
showed interstitial scarring, tubular atrophy, alidtated tubules filled with hyaline material and
minor inflammatory changes in kidney, at terminatidpart from minor adrenal cortical changes
of a cystic and old hemorrhagic nature in the codie2 high level animals and a small adenoma at
the same dose there were no adverse effects apaiablogical examination of the chlorophyllin
treated animals.

There was no observation of increased tumour imcielén rats at 104 weeks.
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Copper administered to rats as potassium sodiurpecoghlorophyllin showed moderate adverse
effects following prolonged (104 weeks) dietary amistration at 1600 ppmcé 80 mg Cu/kg
bw/day). NOAEL = 27 mg Cu/kg bw/day.

» Copper sulphate (42 weeks)

Twenty-five males and 25 females Sprague-Dawley wedre fed diets containing copper sulphate,
equivalent in copper content to the copper in tlam@ 1% potassium sodium copper chlorophyllin
diets, i.e. 1,600 ppm and 530 ppm (equivalent ca®® 27 mg Cu/kg b.w./day), respectively for up
to 44 weeks A third control group received the batiat only. Similar data were collected
throughout this study as in the study with potasssodium copper chlorophyllin.

An interim sacrifice was carried out at 33 weeksvimch 4 animals from the control group and 4
animals from the group fed 1600 ppm Cu were saedfi The balance of the animals was
continued in the study, and all surviving animdlgalbgroups were sacrificed at 40 — 44 weeks.

Mortality: A higher proportion of the high dose ghéate treated animals died compared to controls.

Bodyweight: The growth of animals on the high lew#l CuSQ was adversely affected by

treatment. This was readily discernible at th& 2&ek, when male control animals and animals
receiving 530 ppm Cu weighed at least 50% more #wamals on the 1600 ppm Cu intake.
Animals of both sexes receiving 530 ppm copper w@dphate showed body weights that were
essentially similar to controls.

Food consumption and food efficiency:. Although itake of food was less during the first twelve
weeks, the gain in weight per gram of food consumasl similar for all groups

Blood and urine examinations: Blood nonproteinagén levels were high in the high dose (83
mg% with expected range = 60-70 mg%).

Tissue-stored copper: The liver copper levels wameeral times higher than the controls or the
chlorophyllin treated animals and were produceckiatively shorter timdn the high dose sulphate
treated animals showed higher levels in kidneyspiden than the chlorophyllin treated animals.

Necropsy, organ weights and histopathology: Treatedhals (killed in Weeks 33 and 42) findings
in the high dose groups included bronzed kidneysbiting sharp demarcation between the cortex
and the medulla; bronzed or yellowish livers; hyymgrhied ridges between the cardiac and peptic
portions of the stomach, occasional ulcers and daowal; bloody mucous in the intestinal tract.

Some slight differences in the organ weight ratiroghe treated animals were probably related to
the lower body weights of the treated animals mathan a direct result of treatment. Stomach
weight ratios of the high dose female animals vieceesased compared with controls.

Other organs examined were heart, lungs, liveeesplkidneys, uterus, ovaries, seminal vesicles,
testes and brain. There were increase of livendyd and stomach weights at 1600 ppm.

Histopathology was performed on the organs of alsinmathe 1600 ppm group (sacrificed at 30 to
35 weeks), and also on the liver, kidney and testesimals in the 530 ppm group (sacrificed at 40
to 44 weeks). The following organs were normal llrmaimals: Spleen; adrenals; small intestine;
large intestine; stomach; sciatic nerve. The livafranimals in the 1600 ppm group showed well-
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defined abnormalities of a toxic nature in both esabnd females; icteric pigmentation was
increased and cytoplasmic staining properties \@rermal. The kidneys of animals in the 1600
ppm group showed minor changes. Varying degredesticular degeneration were noted in both
treatment groups; the ovaries of the females weatenoticeably affected to any degree. The
kidneys, liver and testes of all the control ansnalere found to be normal. No microscopic
evidence of neoplasms was reported.

Copper administered to rats as sulphate showedsaleffects following prolonged (but limited to
44 weeks) dietary administration at 1600 ppm arfdraless extent at 530 ppm (equivalent to
approximately 27 mg Cu/kg bw/day). The NOAEL<i27 mg Cu/kg bw/day).

» Copper gluconate (42 weeks)

Guideline:  No
GLP: No
Deviation:  Yes
* Number of animals too small (25 males and 25 fesng@er group). Only one or two
group(s) of treated animals,
» the study duration is short 44 weeks. Due to tletgituration it is impossible to make any
conclusion on a carcinogenic potential,
* number of organs not convenient.

Twenty-five males and 25 females were fed diet @iomg copper gluconate with a copper
equivalent to 1,600 ppm or 80 mg Cu/kg b.w./dayaps weeks.

Mortality: Ninety percent died between the fourtidaight month

Bodyweight: There was ery marked reduction of bodyweight gains, from kv8ein males and
week 26 in females.

Food consumption and food efficiency: Slight vaoas were observed, although the intake of food
was less during the first twelve weeks, the gaiwéight per gram of food consumed was similar
for all groups.

Blood and urine examinations: Blood nonproteinagén levels were high in the high dose (109
mg% with expected range = 60-70 mg%).

Copper content of tissues: The liver copper lewadse several times higher than the controls or the
chlorophyllin treated animals and were producedeiatively shorter timeThe very high levels
seen in the gluconate treated animals correlatéld the high death rate and the high blood non-
protein nitrogen in these animals.the high dose gluconate treated animals showgitehlevels

in kidney and spleen than the chlorophyllin treadadnals.

Necropsy, organ weights and histopathology: Treat®ichals findings included bronzed kidneys
and livers, hypertrophied limiting ridges in therstach with occasional ulcers and bloody mucous
in the intestinal tract. The stomachs of some alsiware sometimes flabby and distended.

Some slight differences in the organ weight ratioghe gluconate treated animals were probably
related to the lower body weights of the treatetnais rather than a direct result of treatment.
Stomach weight ratios of the high dose gluconatmals were increased compared with controls.
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The uterus and ovary weight ratios were reducetiengluconate treated females, and mean testis
weight was slightly reduced in the gluconate treéat@ales at 42 weeks.

There were minor histopathological changes, butcoosistent, in the kidney sections of the high
dose animals. Icteric pigmentation was increasethénliver with abnormal cytoplasmic staining
properties.

There were no observations of increased tumoudémnze

Copper administered to rats as gluconate showelenadverse effects following prolonged (but

limited to 44 weeks) dietary administration at 1Q0n (equivalent to approximately 27 mg Cu/kg
bw/day).NOAEL is < 1600 ppm or < 80 mg Cu/kg bw/day

Table 37: Copper content of tissues (mg Cu/106sy¢)

Week Dose level (%) potassium sodium copper chlorophyi

0 | 0.1 | 1 | 3
Liver — Males
10 0.41 0.47 0.58 0.56
52 0.78 1.46 0.81 1.06
104 1.82 1.47 1.85 2.18
Liver — Females
10 0.48 0.57 0.74 0.56
52 1.09 1.14 2.43 2.14
104 1.10 1.85 2.02 3.71
Kidney — Males
10 1.07 1.47 1.58 1.48
52 2.08 1.52 1.83 2.11
104 3.45 2.03 2.35 2.48
Kidney — Females
10 1.72 1.52 1.57 1.65
52 4.46 2.44 3.79 2.97
104 2.25 2.55 3.19 3.22
Spleen — Males
10 0.96 0.52 0.40 0.68
52 1.83 2.92 3.05 2.36
104 3.38 3.34 2.75 3.01
Spleen — Females
10 1.59 0.46 0.72 0.52
52 4.00 3.26 3.46 3.61
104 6.96 1.92 2.34 2.96

Dose level (ppm) copper sulphate and copper glucotea

0 | 530 sulphate | 1600 sulphate] 1600 gluconate
Liver — Males
Term | 1.16 | 1247 | 38.28 | 75.1
Liver — Females
Term | 1.78 | 3236 | 4577 | 56.6
Kidney — Males
Term | 2.48 | 3.49 | 15.83 | 59.57
Kidney — Females
Term | 3.53 | 6.91 | 1211 | 54.1
Spleen — Males
Term | 3.34 | 5.63 | 13.91 | 12.39
Spleen — Females
Term | 4.83 | 5.12 | 6.07 | 13.77
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The two studies of Haywood 1980 and 1985 are sumpthin the repeated toxicity part.

Reference: Haywood, S., and Loughran M. (1985)
Guideline:  No

GLP: No

Male weanling Wistar rats were given 3000 ppm co@gecopper sulphate via the diet for one year
(equivalent for 250 mg Cu/kg b.w/day). At 15, 20, &d 52 weeks, groups of three or four rats
were weighted, killed and the livers examined. lsezond experiment, sixteen male weanling
Wistar rats were fed diet containing 3000 ppm copge copper sulphate for 15 weeks. At 15
weeks, four rats were killed and the livers examias before. The remaining animals were given a
diet containing 6000 ppm copper as copper sulpfeeivalent for 500 mg Cu/kg b.w/day) for a
further three weeks at which time they were aldlediand the livers examined. A further 16 rats
were given control diet for 15 weeks, four werdekiland the livers examined, and the remaining
rats were also given the diet containing 6000 pmpper as copper sulphate. At 18 weeks the
animals were killed and the livers examined.

There were no deaths reported.

In the first experiment, at 52 weeks, the controlup mean body weight was 513 g, and the group
mean body weight of rats receiving 3000 ppm wasgt38ean liver copper concentration in the
treated animals was 13@8/g at 15 weeks and fell to 440/g at 52 weeks.

In the second experiment, the change of diet atdéks to 6000 ppm did not affect the condition of
the ‘primed’ rats previously fed copper at 3000 pfmat the unprimed group were lethargic with
ruffled coats. Liver copper content of the ‘primagfoup did not alter significantly (1396&)/g
compared to 134gg/g at week 18) at the change of diet, but livgypsy content of the unprimed
group rose from 18.(g/g at week 15 to 183tg/g at week 18 — higher than the primed animals.

Histologically, at 15 weeks, animals that had reegi3000 ppm showed complete lobular recovery
with only some fine residual scarring and some ihisgd cells in the portal areas, in line with
recovery seen in earlier studies. There were nthdurchanges in primed animals receiving
6000 ppm for the additional three weeks. In therahé with no previous copper supplementation,
there was moderate to severe hepatocellular nsonatsi an associated inflammatory response after
3 weeks administration of diet containing 6000 ppm.

Animals treated with copper at 3000 ppm for oneryd@wed no long-term evidence of liver
toxicity: an adaptive response was shown similath® earlier shorter study, and at 52 weeks,
copper concentrations were lower than at 15 welkénals previously treated with copper at
3000 ppm for 15 weeks that were then given 6000 fgwable the dose) for three weeks did not
show altered liver copper concentrations, whereasigusly untreated rats of the same age and
strain given 6000 ppm copper showed moderate teradepatocellular necrosis.

No information on tumors development was availablis study.

The following studies did not permit assessmentofour incidence of copper administered alone
but showed a beneficial effect of copper when adstened together with known carcinogens. In
this context, theses studies must be only be ceresidllustrative. However, if copper were to have
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any carcinogenic action either alone, or as a cotuagen, this type of study would certainly have
shown an increased incidence of tumours, and diereanset. It did neither.

Reference: Howell, J.S. (1958)
Guideline:  No

GLP: No

During experiment A, groups of 5 male and 5 femats received the known carcinogen
dimethylaminoazobenzene in either standard laboradeets or maize supplemented with ferric
acid and copper acetate for their whole lifespaiverl biopsies were performed regularly.
Experiment B was performed to confirm the inhibpteffect of copper acetate. Groups of 5 male
and 5 female rats received dimethylaminobenzebeABMn maize with or without ferric acid at
2% or copper acetate at 0.5%. In addition, grouis atternating feeding were included to reduce
the likelihood of copper acetate interfering wittVBB absorption in the gut. The animals were
sacrificed when palpable liver tumours were obsgn@pleen weights were determined and
histopathology of liver and spleen was conducted.

Copper, when added to rat diets containing the knaarcinogen p-dimethylaminobenzene
significantly reduced the incidence of liver tumguand delayed the onset of histological changes
leading to cirrhosis and hyperplasia.

It was concluded that copper has a beneficial effeceducing the action of the carcinogen. The
study indicates that copper has no carcinogenienpiad when administered in the diet.

Reference: Carlton, W.W. and Price, P.S., (1973)
Guideline:  No
GLP: No

Deviations: Yes
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A study was carried out to determine whether a kegkl of Cu would have an inhibitory effect on
the induction of neoplasia by acetylaminofluoreA&K) or dimethylnitrosamine (DMN) and to
determine whether the incidence of neoplasia wdngldncreased, or whether neoplasms would
appear earlier in rats fed a diet low in Cu.

Six experimental groups of Sprague-Dawley rats weekeided in this study. Three groups were fed
a basal diet containing 1 ppm Cu (“Cu-deficient’@igequivalent for 0.05 mg Cu/kg bw/d) and a
further 3 groups received the basal diet suppleetewith CuSQto give a Cu concentration of 800
ppm (“excess-Cu diet”) (equivalent for 40 mg Cufkg/d). Within each of these two dietary
regimens, one group received DMN in the drinkingewand the other received AAF in the diet.
Groups without these carcinogens served as conifboks initial number of animals used in each
group was as follows: Cu-deficient control, 50 r&s-deficient-DMN, 74 rats; Cu-deficient-AAF,
55 rats; excess-Cu-control, 58 rats; excess-Cu-DMIOR rats; excess-Cu-AAF, 65 rats. The
numbers in each group varied because preliminadies showed that higher DMN concentrations
were toxic.

DMN was added to the drinking water for 6 months abncentration of 50 ppm for 4 days out of
every 8. Similarly, AAF was added to the diets@amonths at a concentration of 0.06% for 4 days
out of every 8.

After 90 days, 5 rats from each diet group weréedil Each 30 days thereafter, an additional 5
animals from each group were killed. Spleen, kidneyngs, heart, thyroid gland, adrenals,
duodenum and pancreas were taken from each animdafixed in 10% formalin. The liver was
divided into 2 portions; one of which was retaifiedanalysis of Cu content; the other was fixed in
formalin. Liver and enlarged neoplastic kidneys avereighed prior to fixation. Fixed tissues were
processed, sectioned and stained with H&E for lagtoal examination.

Liver and kidney Cu concentrations were determiogétomic absorption spectrophotometry. The
analyses were run in triplicate and precautionsewaken to prevent Cu-contamination of the
tissues.

Rats fed the Cu-deficient control diet consistehtig the highest mean bodyweightean weights
of other groups decreased in the following seque@eedeficient-DMN; excess-Cu control and
excess-Cu DMN had similar mean weights; Cu-defici&\F; excess-Cu-AAF. AAF was
considered to be markedly toxic.

After 3 months, mortality in the 6 groups was dofes:

Table 38: Mortality after 3 months and at termimomat

Mortality after 3 months

Study termination

Cu-deficient control

2%

16% (minimum)

Cu-deficient-DMN

38%

57% (maximum)

Cu-deficient-AAF

15%

Excess-Cu control

33%

45%

Excess-Cu -DMN

69%

Excess-Cu-AAF

39%

54%

Macroscopic investigations showed that:
» Livers from control rats fed both Cu-deficient aadtess-Cu diets were grossly normal.

The incidence of hepatic neoplasms in DMN-treatat$ was similar for the Cu-deficient and
excess-Cu groups. Livers of rats fed the Cu-deftei®MN diet for 3 or 4 months varied in
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appearance from those that were grossly normdidset with severe macroscopic changes. Some
were tan-coloured and slightly swollen. Featuredivars from rats fed this diet for 5-8 months
included: swelling, colour variation, presence lefac cysts, haematocysts and/or neoplasms. Livers
from excess-Cu-DMN rats were either normal or shgloff-colour after 3 and 4 months. Few
further changes were observed after 5 and 6 moaktgpt for prominent capsular vessels. Cysts,
swollen lobes and haematocysts occurred in liverate fed for 7 months. Livers from 4 rats killed
after 8 months were more severely affected; haeryst® were observed in 2 livers and a neoplasm
in one other.

Gross hepatic lesions were observed at monthly agspn Cu-deficient-AAF rats. At 3 months,
these included discoloration, enlargement and poesef focal pale areas. After 4 months, a few
clear cysts were also present. Later, livers weile,pcystic and enlarged. Neoplasms of varying
size were found in all lobes. At 3 months, the atefof the liver of one rat fed the excess-Cu-AAF
diet was converted into a mass of nodules. This alss seen in one or more livers at the other
autopsy periods, and was more marked on the visseréace. Clear cysts were also present
peripherally after 5 months. Increased hepatic, stysts and small white foci appeared after 6
months. Neoplasms were larger after 7 months, ltideas at 8 months had clear cysts, neoplasms
and capsular nodularity.

The numbers of hepatic neoplasms in AAF-treated oat the Cu-deficient and excess-Cu diets
were similar and it appeared that the concentratbi€u had no effect upon the incidence of

hepatic neoplasms. However, the latency period ma&g been slightly increased, as hepatocellular
carcinomas and metastases occurred 1 month |attee Excess-Cu group.

* Kidneys grossly enlarged with neoplasms were séen & months in Cu-deficient-DMN
rats.

The kidneys of 4/5 rats had neoplasms of variomsssiAfter 6 months, neoplasms were present in
all 5 rats. Grossly apparent neoplasms were prasedib rats examined after 7 months. Only one
renal neoplasm was obvious at autopsy in 5 raksdkafter 8 months. 3/13 rats on this treatment
which died during the study had grossly apparemilreeoplasms.

* Abnormalities observed at autopsy in Cu-deficieMMD rats included pale, expanding
masses in the lungs of 2 rats.

Grossly detectable neoplasms were observed inuthgs|of excess-Cu-DMN rats after 7 and 8
months.

Neoplasms at locations other than the liver weretmamerous in Cu-deficient-AAF rats. After 5
months, 3 rats had grossly obvious neoplasms inoormaore of the following locations: ventral
throat area, middle of side, groin area and basanfAfter 6 months, neoplasms were noted in the
lungs of 2 rats and in the spleen of another. Antind/, neoplasms were present in the ventral
thorax, spleen, abdomen, perianal region, basarofight rear leg and small intestine.

Fewer extrahepatic neoplasms were found in excas&8ATF- rats (17% compared with 40% in the
excess-Cu-AAF). Those that occurred werelocateéteabase of the ear, along the lateral abdomen
and in the lungs. It was considered that the Cupleapent acted to reduce the number of
extrahepatic neoplasms.

No gross abnormalities were observed in the urib&@agtder of animals in any group.

Histopathology showed that:
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« Commonly occurring non-neoplastic lesions in thers of carcinogen-treated rats included
biliary-ductule cell hyperplasia, proliferation dbiliary ducts and the presence of
haematocysts.

Transitional nodules were localized groups of hepaes showing only minimal deviation of
nuclear morphology and no compression of the sadimg parenchyma. Hepatomas were larger
foci of hepatocytes showing changes in nuclear haggy and causing compression of the
surrounding parenchyma. Hepatocellular carcinoma® Warge, highly cellular neoplasms showing
marked alterations in nuclear and cytoplasmic malgdy, containing areas of necrosis and blood
cysts and invading blood and lymph vessels. In tamdito hepatomas and hepatocellular
carcinomas, a fibrosarcoma and cholangiocarcinoraee vobserved in Cu-deficient-DMN rats.
Hepatomas, hepatocellular carcinomas, cholangiandsone cholangiocarcinoma were observed
in livers of Cu-deficient-AAF rats. The Cu level tie diet appeared to have no effect on the
incidence rate of hepatic neoplasms.

* Fibrosarcomas, adenomas and adenocarcinomas vegréensedneys of Cu-deficient-DMN
rats.

One fibrosarcoma was found in a kidney from afealt the Cu-deficient control diet. No renal
neoplasms were observed either grossly or micresalbpin the rats from other groups killed for
autopsy. One renal adenoma was observed in aatadlitd after 7 months on the excess-Cu-DMN
treatment.

* Neoplasms in locations other than liver and kidnegtuded those of the lung, spleen, skin
and -intestine.
The neoplasms observed included adnexal gland aderioomas, keratoacanthomas, splenic
lymphoma, alveolar-cell adenomas and adenocarcispradenocarcinoma arising from the
epithelium of the intestinal mucosa, squamous @@itinomas of the skin and lungs, fibrosarcoma
of the dermis and a rhabdomyosarcoma. The incidentethese neoplasms were less in rats
receiving excess Cu and a carcinogen.

Table 39: Incidence of hepatic lesions and neodas rats fed copper-deficient and excess-
copper diets with DMN or AAF treatment and killedhaonthly intervals for autopsy.

Incidence (%)* of

Experimental Total no. Liver Transitional Hepatocellu Metasta  Kidney Other

of rats . Hepatomas lar
group Killed necrosis nodule Carcinomas se neoplasm neoplasm
Copper
deficient:
Control 42 0.0 0.0 0.0 0.0 0.0 2.4 0.0
+ DMN 30 30.8 76.7 23.3 10.0 0.0 56.7 30.0
+ AAF 27 22.2 100.0 92.6 40.7 3.7 0.0 40.0
Excess-copper
diet:
Control 32 9.4 3.1 0.0 0.0 0.0 0.0 0.0
+ DMN 29 55.2 82.8 27.6 13.8 0.0 0.0 24.1
+ AAF 30 30.0 100.0 90.0 30.0 10.0 0.0 16.7

DMN — 50 ppm dimethylnitrosamine in drinking-wafer 4-day periods alternating with distilled water.
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AAF — 0.06% acetylaminofluorene in the diet for @ycperiods alternating with control diet.
* Percentage of rats affected

To conclude

Liver: livers from excess-Cu control rats confirtbe occurrence of liver necrosis and transitional
nodules in 3/32 and 1/32 animals, respectivelyitige of these lesions was found in the livers of
animals fed a Cu-deficient diet. Exposure to DM &AF increased the incidence of liver
necrosis and transitional nodules, and each indaaaahilar incidence of liver tumours in rats fed
both the Cu-deficient and excess-Cu diets. It emscluded that the Cu level of the diet had no
effect on the incidence of hepatic neoplasms.

Kidney: In the DMN group, 17/30 rats on the Cutident diet had kidney tumours compared with
0/29 given excess Cu. There were no kidney tumiouitee AAF-treated groups.

Other organs: The incidence of AAF-induced exipdtic tumours was apparently reduced by the
excess-Cu diet (5/30, compared with 11/27 in thed€ficient group).

Reference: Burki, H.R. and Okita, G.T. (1969)
Guideline:  No

GLP: No

A study was carried out to investigate the effeatsoral CuSO4 on the incidence of 7,12-
dimethylbenz¢)anthracene (DMBA)-induced ovarian tumours, tumowf the breast and
lymphomas in C57BL/6J mice and of tumours of thaglin strain A mice. The study was divided
into four separate experiments, designated A, Bn€D.

In all cases, CuSO4 was dissolved in drinking wates concentration of 198 mg/l (equivalent to
approximately 50 mg Ciil or 10 mg Cu/kg b.w/day). CuSO4-treated animald hccess to the
solution ad libitum over the entire experimentaliqe.

Experiment A: CuSO4 was administered in the drigkiater of 5 female mice (C57BL/6J) aged 4

— 6 months. Two weeks after commencement of copeatment, the mice received an intravenous
(i.v.) injection of 0.75 mg dimethylbenganthracene (DMBA), a known carcinogen. A second
group of 5 mice received DMBA alone. Five untreatd@de served as controls. The experiment was
terminated 74 weeks after DMBA treatment.

Experiment B: CuSO4 was administered in the drigkirater of 11 female mice (C57BL/6J) aged
12 — 15 weeks. After commencement of copper treatinttee mice received an i.v. injection of 0.75
mg DMBA.

A second group of 11 mice received DMBA alone. Tertreated mice and 12 mice receiving
CuS04 served as controls. The experiment was tatad4 weeks after DMBA treatment.

Experiment C: CuSO4 was administered in the drigkuater of 9 female mice (strain A) aged 12 —
16 weeks. After commencement of the copper tredtntie® mice received an i.v. injection of 0.75
mg DMBA and, 12 days later, an intraperitoneal.fiipjection of 0.5 mg DMBA. Ten other mice
received 0.75 mg DMBA i.v., and 0.5 mg DMBA i.p gnNineteen untreated mice and 12 mice
receiving CuS0O4 served as controls. The experinvastterminated 33 weeks after the first DMBA
treatment.

103



CLH REPORT FOR COPPER FLAKES (COATED WITH ALIPHATIRCID)

Experiment D: CuSO4 was administered in the drigkimater of eighteen pseudopregnant
C57BL/6J female mice (i.e. virgins housed with wasmised males), each of which also received 6
dermal applications of 0.5 ml of a 0.5% DMBA sotutiin olive oil at biweekly intervals. A
separate group of 19 pseudopregnant females recdetenal applications of DMBA, but did not
receive CuSO4 in their drinking water. Eleven uateed mice and 17 pseudopregnant mice
receiving CuS0O4 served as controls. The experinvastterminated 50 weeks after the first DMBA
treatment.

Animals in all experiments were observed daily. Alice found dead and those sacrificed were
subject to post-mortem evaluation. Sections oflitrex, lung, kidney, spleen, thymus, ovaries and
all tumour-like structures were fixed in 10% forimain phosphate buffer at pH 7.4. Specimens
were embedded in wax, sectioned for light microgcapd stained by haematoxylin and eosin.
Vaginal smears were also taken and stained witlyh/s stain.

Experiments A and B: The incidences of ovarian turaon Experiment A after 76 weeks were 0/5,
4/5, and 0/5 in the untreated controls, DMBA-treateice and DMBA plus Cu-treated mice,
respectively. The incidences of these tumours ipeEixent B after 46 weeks were 0/10, 0/12,
11/11 and 6/11 in the untreated controls, coppatéd mice, DMBA-treated mice and
DMBA/copper treated mice respectively. The resufsthese two experiments suggested that
CuS0O4 may inhibit DMBA-induced tumour development.

The incidences of lymphomas in Experiment A werg, @/5, and 5/5 in the untreated controls,
DMBA-treated mice and DMBA plus Cu treated micepesdively. Although these results implied
that incidence of lymphomas were greater in DMBAIspICuSO4-treated mice than in those
receiving DMBA only, this finding could not be regied in Experiment B (incidences of
lymphoma 1/10, 2/12, 3/11 and 3/11 in the untreateudtrols, Cu-treated mice, DMBA-treated
mice and DMBA plus Cu-treated mice, respectivelypvas therefore concluded that CuSO4 had no
effect on the induction of lymphomas by DMBA.

Experiment C: Tumour incidence in the 12 mice givenSO4 alone (1 breast tumour, 2
lymphomas and no lung or ovarian tumours) was aimtib that in the 19 untreated controls (2
lymphomas, no breast, lung or ovarian tumours). @u8ad no effect on the incidence of DMBA-
induced lung adenomas (incidence 4/9 in DMBA plust@ated mice and 4/10 in mice treated
with DMBA only), although it appeared to prolongetisurvival of DMBA-treated mice (mean
survival 28 weeks compared with 19 weeks in mieated with DMBA only), and to slightly
reduce the total number of tumours seen, as compdatk mice given DMBA only.

Experiment D: No information was given on the tummcidence in mice given CuSO4 alone.
However, mice given DMBA plus CuSO4 had a greateniper of mammary tumours (9 tumours
amongst an original group of 18) than those givénBA alone (5 tumours amongst an original
group of 19). This increase was attributed to tleatpr longevity of Cu-treated mice.

No toxic effects were observed in otherwise unaeanice fed CuSO4 at the concentration used in
these four experiments.

DMBA was injected or administered by skin paintingsC57BL/6J and to strain A female mice

kept on a diet supplemented with CuSO4. It was dioilmat CuSO4 had no effect on the incidence
of DMBA-induced adenomas of the lung, lymphomas arehst tumours. CuSO4 did not prevent
the induction of pre-cancerous lesions in the ovant may have delayed the development of
granulosa cell tumours.
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4.9.1.2 Carcinogenicity: inhalation

No data available.

4.9.1.3 Carcinogenicity: dermal

No data available.

4.9.2 Human information

In the VRA, a number of epidemiological studies énamwestigated the health hazards, including
cancers (most frequently lung cancer) and non-maiig diseases, associated with occupational
exposures in the copper mining, copper smeltingrafiding, and copper alloy industries. Most of
these studies are confounded by numerous factatading co-occurring exposures to known
carcinogenic compounds, such as arsenic; lack mdideration of individual exposures; failure to
consider smoking status; and the use of biomamece®pper status, such as serum copper levels,
that are altered by the disease state. None advthigable studies provide convincing evidence that
copper plays an aetiological role in the developnoéicancer in humans.

Copper mining

Two cohort mortality studies of the same populatbover 7000 copper miners in Tongling, China
have addressed the risks associated with coppengni@henet al, 1993; 1995). In these studies,
lung cancer mortality was found to be significanithgzreased, for underground miners and for
drilling miners (bothp<0.01). Cigarette smoking was a partial contributothis excess mortality.
Other cancers (oesophagus, stomach and liver) aise studied, but did not demonstrate a
statistically significant increase. Although thesere large, well-conducted epidemiological
studies, the Chinese miners and smelters are sutmedifferent genetic and environmental
influences. Chinese workers are also likely to bleject to very different occupational exposures
than European copper miners, such as those in Swédiough limited information regarding
occupational exposures to dust and ionizing rashatvas included in the two Chinese studies,
exposure specifically to copper compounds was neasured. The results should therefore be
extrapolated to European workers with caution. Nell-designed epidemiological studies of
European copper miners were available for review.

Copper smelting

The majority of the epidemiological studies havported on large populations of copper smelter
workers in the USA, at Anaconda in Washington Sf@ételchet al, 1982; Viren and Silvers, 1994),
Tacoma in Montana (Enterlired al, 1995) and the Gila basin region of Arizona (Maegslal, 1997;
1998). Additionally, the cancer risk of environmaht exposed residents in Arizona has been
investigated by the latter authofBther reports have described occupationally exppsgulations

in China (Cheret al, 1995), Japan, Sweden, (Welehal, 1982; Viren and Silvers, 1994) and at a
nickel copper smelter in Finland (Karjalainenal, 1992).

Ten studies of copper smelters were identifidéch predominantly studied lung cancer mortality i
populations of smelter workers, in most cases, gsitlg on the association with arsenic exposure.
Potential involvement of copper in cancer mortatlig not feature in any of these studies. Most of
these studies demonstrated a statistically sigmificncrease in lung cancer mortality. Of thesar fo
out of five found a linear increase in the excedative risk of respiratory cancer with increasing
exposure to airborne arsenic (Pietaal, 1978; Welchet al,1982; Viren and Silvers, 1994; Lubat
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al, 2000; Enterlinest al, 1995). Four of these five studies were from poporte in the USA, the
other study analysed two published cohort studm®s the USA and Sweden. It is notable that none
of the available studies present exposure datadpper or other pollutants (apart from nickel
exposure at a nickel/copper smelter in the studidnyainenet al, 1992).

Community-based studies have reported some postidence for the association between lung
cancer risk and reported copper smelter relatedayment, however there was little evidence of a
positive association between lung cancer mortaitg residential exposure to smelter emissions
(Marshet al, 1997; 1998).

Several studies have also examined mortality fradherocancers. Results reported show little
concordance. Some studies demonstrated no stafistgignificant increased mortality for other
cancers (Pintet al, 1978), while others demonstrated statistically$igant increases in mortality
due to other causes (Chenal, 1995; Welchet al,1982; Lubinet al, 2000; Enterlinest al, 1995).
There is little consistency between studies wipeet to sites of excess non-respiratory cancers;
urinary tract cancer (Welobt al, 1982), cancer of the large intestine and bone caiceerlineet

al, 1995).

Copper refining

A single study has been published on mortality agné802 workers in nine US copper and zinc
refineries with the aim of determining whether axcess mortality was associated with specific
refining operations (Loguet al 1982). As 74% of the study population were emgtbin copper
refining only, causes of mortality were separataglysed for this group, involving 335 decedents.
[In the study report, this group is misleadinglfereed to as the “cohort exposed only to copper?].
In this cohort, statistically significant increaseere demonstrated for all cancers (63 observed,;
61.01 expected; SMR 128) and for cancer of thedtiige tract (20 observed; 15.71 expected; SMR
157). The significant excess mortality due to alheers, including respiratory cancers, among this
cohort was largely attributable to one plant whictlike the other study plants had its refinery
adjacent to a smelter. A number of workers at tbfery had transferred from the smelter. It is
therefore possible that previous occupational exygosould have contributed to the excess cancer
mortality. This study provides no qualitative oragtitative exposure data, or data on smoking
history. Consequently, association between expoanck the excess cancer mortality reported
cannot be explored.

Copper alloys

A single cohort study of mortality in 347 copperdoaum alloy workers has been reported,
focussing on the relationship between cadmium ogiqeosure and mortality from lung cancer and
non-malignant diseasea of the respiratory systeamaftanet al 1995). This study showed a
statistically significant increased risk of mortgalirom chronic, non-malignant respiratory disease
in workers exposed to cadmium oxide fume, but fonadnhcrease in risk for lung cancer.

Serum copper levels and cancer

Several studies have investigated the possiblemégm between serum copper concentrations and
cancer risk. However these investigations are dicatpd by the fact that alterations in serum
copper concentration may be related to the diss@se- Therefore epidemiological studies
investigating serum copper levels only followingagiosis of cancer provide little useful
information regarding the possible causal roleagdper in cancer (Cavallet al, 1991, Dabelet al,
1992, Prasadt al, 1992).
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In the few prospective studies where copper seawelds were measured prior to diagnosis, there is
no convincing evidence that dietary intake or seoapper levels play an aetiological role in
carcinogenisis. For example, Coattsal (1989) investigated serum copper levels in a cohort
diagnosed with a range of cancers up to 10 yeaos far diagnosis with cancer. This study found
that there was only a positive correlation betweapper levels and cancer risk in cases diagnosed
fewer than 2-4 years after blood draw. In casegmdised more than 2-4 years after collection of the
blood sample there was no statistically significeglationship. Cancer is a complex multistage
process generally regarded to take many yearsvieaeclinical features. If elevated copper serum
levels were truly a risk factor for cancer, an agston between copper serum levels and
subsequent disease would have been expected taibaimed in cases where blood samples where
taken many years prior to diagnosis. A single colstudy of over 5000 healthy women from
Guernsey, studied between 1968 and 1975 invedtighteinfluence of hormonal and other factors
on breast cancer (Overvad al, 1993). This study reported an association betwaesed serum
copper levels and the risk of developing breasttean However, the authors concluded that
elevated serum copper was probably disease medatesh incidental association, rather than
causal.

In summary, although serum copper appears to hateld in some cancer patients and may be a
potential marker of disease-state there is littl@@ convincing evidence that dietary copper plays
an aetiological role in human cancer.

Genetic diseases in human:

Two rare genetic diseases of copper in the humavige evidence that copper is not carcinogenic
following systemic absorption. These are Wilsonsedse (WD) and Menkes’ disease (MD). The
following data were extracted from the Draft Asseest Report of copper compounds.

Wilson’s diseases a defect in the ATPase for copper transport ARG WND), expressed
mainly in the liver, resulting in faulty copper misport, impaired incorporation of copper into
ceruloplasmin, impaired copper biliary excretiongdaopper accumulation in the liver and brain.
Hepatic copper levels range from 200 to 800 pgigvaeight (normal range 20 to 50 pg/g), and
patients present with hepatic cirrhosis and fattyitiation of the liver. Urinary copper is much
higher than normal (as in rats given sufficientigthoral doses to cause liver toxicity). Treatmient
by chelation therapy using D-penicillamine, sucat tintestinal absorption is reduced, and chelated
copper complexes are excreted in the urine, ard &md body levels are kept below levels at which
liver disease occurs. Zinc therapy (orally as Aunlphate) acts to induce excess metallothionein in
the intestinal cells. Metallothionein has a straraféinity for copper than zinc. The copper remains
bound in the gut cells, which are then sloughed aftl the copper is lost. In the second or third
decade of the disease, neurological symptoms camr.o€Copper accumulation in the brain causes
degeneration of the basal ganglia, resulting irectefe movement, slurred speech, difficulty in
swallowing, facial and other muscular spasms, ayatand poor motor control. Depression and
schizophrenia have been reported. Copper may a&steposited in the cornea (Kayser-Fleischer
rngs).

Menkes disease an X-linked copper deficiency disease that isallg fatal in early childhood.

The symptoms result from a defect in the MNK pmotgaroducing an inability to export copper
from cells, particularly from the basal membrandhef small intestine, where copper is absorbed.
This leads to very high concentrations of coppesiaughed intestinal cells, but the failure to expo
the “absorbed” copper to the bloodstream resulmieffective copper deficiency for the rest of the
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body. The disease shows progressive mental rei@angdtypothermia, seizures, poor muscle tone,
feeding difficulties, jaundice, diarrhoea and aegahfailure to thrive. There are abnormalities of
connective tissue with deformities of the skullndobones and ribs. The hair is abnormal with a
wiry texture and a spiral twist.

Both diseasesesult from genetic defects where the subject &blento produce respectively the
copper ATPases ATP7B and ATP7A. These are memlbehe diuman cation-transporting P-type
ATPase family. The P-type ATPases are a large gobupembrane proteins that utilise the energy
of ATP hydrolysis to transport various ions acrosb membranes. During the catalytic cycle the
-phosphate of ATP is transferred to the invariapaatic acid residue within the nucleotide-binding
site of ATPase with the formation of acylphosphatermediate: this property distinguishes the P-
type ATPases from other cation-transporting pur@pgr 100 Ptype ATPases have been described.
The loci of the encoding genes have been identifiiedooth WD and MD. Both pump copper
across cell membranes. The MD pump (ATP7A) is theyp that actually moves copper through
the basal membrane of the intestinal epithelidscgd that copper enters the hepatic portal system
where it binds to albumin, transcuprein and hisgdio reach the liver. In the MD subject, ATP7A
is inactive, and copper from the diet accumulatethe intestinal epithelial cells, bound to induce
metallothionein. The presence of copper within thel induces the production of more
metallothionein, and the copper-metallothionein ptam accumulates during the life of the cell.
When the cells are sloughed off into the intestinalen, as is the normal course of events, the cell
and the copper within them are excreted in thedseand the copper is lost to the body. Subjects
with Menkes’ disease can still absorb small amouwoftsopper. Copper accumulates in fibroblasts
and in the kidney of Menkes’ disease subjects,tibverte is no evidence of increased incidence of
cancer in these tissues either. Menkes’ diseaskeistively a disease of copper deficiency. In t®rm
of risk assessment of copper in the normal humam,accumulation of copper in the intestinal
epithelium on Menkes’ subjects can be considereth@squivalent of an excessive oral dose of
copper to the epithelial cells.

Carcinogens of the intestine may act by irritattorsome other means to cause proliferation of the
intestinal epithelium that eventually results irphgplasia and tumour formation. MD subjects do
not suffer from increased incidence of cancer efitltestine. This shows conclusively that excess
copper in the intestinal cells does not cause camcéong-term toxicity in that tissue. Wilson’s
disease (WD) involves the other ATPase previousfgrred to, ATP7B. In normal humans, this
enzyme is primarily active in hepatocytes. It igdlved in the trans-Golgi network (TGN). Copper
absorbed by the hepatocyte via the inbound memipang hCTR1 (human copper transporter
protein 1) and is bound to metallothionein withimetcell. It may be bound by ATP7B to
ceruloplasmin (a protein that binds up to 6 coppes tightly and transports them to various tissues
for use, including the brain. If there is excesppay in the hepatocyte, ATP7B is induced to traffic
to vesicular compartments (lysosomes) and direilythe apical membrane, where copper is
secreted from the cell bound to a trypsin-indepahttagment of ceruloplasmin and excreted in the
bile. In WD, ATP7B is inactive and the absorbed pmmpaccumulates in the hepatocytes bound to
metallothionein. The bile of WD subjects does rmitain copper. In the hepatocyte, excess copper
may accumulate in mitochondria, in the cytoplasmd anlysosomes, bound to metallothionein.
Eventually the cell’'s copper storage capacity iseexied.

Mitochondrial damage occurs and eventually the toep#e dies, whence the cell contents are
released to the circulation, depositing copperximadiepatic tissues. Wilson’s disease thus leads to
massive accumulation of copper in the liver. Theedse usually manifests in late adolescence, and
is ultimately fatal if not treated, but death ierfr liver failure, not from cancer. Treatment invegdv
administration of penicillamine, which forms a cepgomplex capable of urinary excretion. There
is no evidence of increased incidence of liver eamt WD subjects. This shows that even massive
accumulation of copper in the target organ, therlidoes not result in cancer in the human.
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Accumulation of copper leads to cell death, bus filsi only in the presence of excessive copper
concentrations, brought about by a genetic comditiesulting in the disruption of the natural
homeostatic mechanisms for copper.

It should be noted that Wilson’s disease is genetid the accumulation of copper and resulting
liver failure occur under the natural levels of pepin the diet, not as a result of exposure to
excessive levels of copper in the environment. Harethe accumulation of copper in the liver
may be taken as a model for accumulation of excegper in a toxicity study, and the conclusion
drawn that chronic high liver levels do not resalincreased incidence of cancer.

Vineyard sprayer’s lung: an occupational disease

Reference: Pimentel, J.C. and Marques, F. (1969)
Guideline:  No
GCP: No.

Case reports of two male rural workers, whose noaitupations were spraying vineyards using
‘home-made’ Bordeaux Mixture (solution of coppelpbate neutralised with hydrated lime) and/or
cleaning the tartar from wine presses, admitteth¢oThoracic Surgery Centre for investigation. In
both cases tuberculosis had been diagnosed somismaneviously and had been treated. In one
case there was improvement but not complete clgan as his sputum was persistently negative
for tubercle bacilli surgical lung biopsy was prepd. Similarly in the other case after improvement
with treatment the symptoms reappeared on hisrrétuwork and lung biopsy was performed. The
paper notes that the Bordeaux Mixture used to Ipdieapto vines up to 14 times a season. The
preparation of Bordeaux Mixture on the farm, froapper sulphate and lime is not relevant to the
purchase of factory-prepared materials, as the hoade preparation is imprecisely neutralised,
leading to excess of either copper sulphate or Imiie preparation. The home-made preparation
was also applied by relatively primitive methodsy. eoy hand using a rush broom, or manual
sprayers. Such practices should not be taken otousmt when assessing the application of modern
commercial formulations with modern machinery aé thignificantly lower application rates
(approx. 8 kg/Ha compared to >24 kg/Ha historigalljhe paper also describes an inhalation study
in guinea pigs.

In Case 1, lung lesions had a focal distributiod eorresponded to three distinct patterns; a vgryin

number of alveoli filled with desquamated macromsgranulomas in the alveoli septa and fibro-
hyaline nodules which seemed to be the scars ajrfreulomas. Copper was found in the granular
material contained in the intra-alveolar macroplka&milar findings were present in Case 2. In a
separate experimental study using guinea pigslasifimdings were reproduced.

This investigation showed the need for protectiveasures for workers while spraying and that
lung biopsy was required for the correct identiii@a of this type of condition. The fact that the

condition has not been reported in the recentalitee indicates that the condition was primarily
associated with uncontrolled use of ‘home-madedpob without any protective measures, and that
modern application techniques for copper productsret associated with the condition. It does
highlight the need for respiratory protection.

Reference: Pimentel, J.C. and Menezes, A.P. (1975)
Guideline:  No
GCP: No.
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Three cases of death were examined, one was admoéitcand all were rural workers involved with
spraying vineyards using Bordeaux Mixture, a coppéphate solution neutralised with hydrated
lime (referred to in this summary as “home-maderdg@aux mixture). All had characteristic
pulmonary lesions described previously for vineyamrayers using ‘home-made’ Bordeaux
Mixture. Livers were examined histopathologicalither at necropsy or from percutaneous biopsy
material. Various staining techniques for the sediwere used, including histochemically for
copper. The sections were also viewed using ordiaad polarised light.

In all cases hepatic changes were found consisfipgoliferation and diffuse swelling of Kupffer's
cells and the formation of well defined histiocytic sarcoid-type granulomas all with inclusions of
copper. These lesions were always found near thalgoacts. The identification of copper within
the lesions characterises the nature of these lgraas. The lesions were different from those
observed in conditions such as primary biliaryhosis in which copper deposits can be found in
hepatocytes; granulomas containing copper are nfuerd. In the present condition, copper
deposits were never found in the hepatocytes.

The occupational exposure to ‘home-made’ Bordeaixtuvk, the characteristic pulmonary lesions
of vineyard sprayer’s lung and the presence of epppthe liver of these patients define this new
variety of hepatic granulomatosis.

Reference: Pimentel, J.C. and Menezes, A.P. (1977)
Guideline:  No
GCP: No

The livers of 30 rural workers who sprayed vinegawdth Bordeaux Mixture (solution of copper
sulphate with hydrated lime) for periods that vdrfeom 3 to 45 years were studied. The paper
states that spraying was carried out from 15 to d&{s per year, and 600 litres of mixture were
sprayed each day by each worker. As has been @skspreviously, these practices from more than
25 years ago, using home-made Bordeaux mixture miditive application techniques and
significantly higher application rates should net dssed in a risk assessment of factory-produced
copper plant protection products, applied using enodengineering equipment and protective
clothing, at modern (lower) application rates.

The spleens of four of cases were also examineldcases with other possible causes of liver
damage, such as hepatitis, alcoholism etc wereudedl Several stains were used for sections
including those for histochemical localisation obpper. Various light forms including
conventional, polarised, phase contrast and imtamte microscopy were used. Normal livers were
used as controls.

The pathological findings were varied and includiétluse and focal swelling and proliferation of
Kupffer cells, (diagnostic, and present in all &sdistiocytic and sarcoid-like granulomata (7
cases) fibrosis of variable degree in the perisida, portal and subcapsular areas (8 cases),
accompanied by atypical proliferation of the sindablining cells, one case of liver angiosarcoma,
micronodular cirrhosis (3 cases) and idiopathidaddrypertension (2 cases). Abundant deposits of
copper were revealed, by histochemical technigwéhjn pulmonary and hepatic lesions. These
cases were characterised by long-term exposuresifigke case of angiosarcoma was in a man who
had sprayed vineyards with ‘copper sulphate’ frdrve &ge of 18 to 53 (35 years). The average
exposure in the cases of fibrosis was 29 yearsttatvo cases of cirrhosis followed exposure for
28 and 30 years.

The presence of abundant deposits of copper witlenliver suggest a relationship between the
occupational exposure and liver disease. Thispsoead further in following summaries.
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Reference: Villar, T.G. (1974)
Guideline:  No
GCP: No

Description of 15 consecutive patients admittetisbon University Hospital, and review of earlier
papers (cited above). Patients were 35 to 76 y&aage, average 54 years. Patients had all been
exposed to Bordeaux Mixture. The periods of exppsuere not stated for all subjects, but some
had been exposed for over 20 years. Most had usadual pulverizers carried on their backs’,
although one subject had used a rush broom. Sdvae patients smoked, one had been exposed to
pigeon droppings and another to wood dust. Lungys;rbiopsies, autopsies (where deceased) and
histopathology were performed.

The initial diagnosis was Vineyards Sprayer’'s LYN&L) in three cases, pigeon fancier’s lung in
one case, tuberculosis in five cases, and pulmogramnyulomatosis in two cases. In all cases, VSL
was subsequently noted. The paper noted that ire stames, the condition remained clinically
“silent” until a bronchiopulmonary bacterial or airinfection , or exposure to some other dust
triggered further progression of the disease. Inhisresting that the authors made an association
between lung cancer and VSL, both in the Abstrdes¢ribing it as ‘remarkable’) and in several
places in the paper, ignoring the relationship leetwlung cancer and cigarette smoking. The paper
contained no information as to which of the pasdmid smoked, only that seven of the fifteen had
smoked.

Fifteen patients suffering from VSL were in somee=initially misdiagnosed, but all followed
chronic exposure to Bordeaux Mixture. The autharted that three patients also showed lung
cancer, and that seven patients had smoked ciggaratthough the paper gave no information as to
the smoking habits of the patients with lung cangeeferring to emphasise a “remarkable
incidence” of lung cancer in patients with VSL.

Reference: Villar, T.G. and Nogueira, T. (1980)
Guideline:  No
GCP: No

The study cites a review of 20,000 autopsies adqmably Portuguese) rural workers. Vineyard
Sprayer’s Lung (VSL) was identified in 832 casestr@spectively), corresponding to 4% of all
autopsies and 20% of those with respiratory symptom

The paper also cites 33 patients admitted to Lidboiversity Hospital. There is no information in
the paper to determine if some of these patiendshiegn described previously in an earlier paper
(5.9.2/04). It is worthy of note that the descioptiof the single female in this study matches ¢jose
the single female in the previous study, and ressonable to assume that the fifteen cases in the
earlier paper have been included in this paper.ré/pessible, lung function tests were performed,
as were biopsies, autopsies, and histopathology.

The age range of the patients was 35 to 76 yeaesage 53 years. Twenty-four percent were stated
to be medium to heavy smokers (8 of the 33 casdlpough number of non-smokers was not
stated. The single female in the study was staidthtve sprayed vines from the ages of 10 to 14,
and to have suffered pneumonia at the age of Shglwhich she developed diffuse progressive
fibrosis. She then presented with lung diseasenssddiagnosed with VSL. There were seven cases
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of lung cancer. The paper is seriously compromisditiat there are no data to correlate smoking,
which is known to be associated with lung canced, exposure to Bordeaux Mixture and VSL.

The author repeats an earlier conclusion that \6Sassociated with high incidence of lung cancer,
but ignores any possible association with cigamatteking.

Reference: Plamenac, P. Santic, Z., Nikulin, A. and SerdareMi (1985)
Guideline:  No
GCP: No

Study of workers in the former Yugoslavia (Listidderzegovina) using “home-made” Bordeaux
Mixture prepared by neutralising copper sulphatieitsm with lime. Unlike previous studies in
Portugal, the study also recorded the smoking &abit the workers examined. The author
performed some particularly stomach-churning sputumalyses in workers professionally exposed
to regular inhalation of Bordeaux Mixture, who Aettime of investigation showed no sign of
pulmonary or any other disease. Sputum specimens @l@ained from 52 exposed rural workers
and 51 unexposed rural workers, from the same megimw did not work in vineyards and did not
come into contact with copper. These acted as @lsnt®putum samples were obtained by morning
cough on three consecutive days. Only expectonat@igrial containing pulmonary macrophages
was accepted as sputum. Sputa samples were fix@®%% alcohol, embedded in paraffin and
sections stained with H & E. These were then tekiedron (Turnbull stain)and for copper with
rubeanic acid and benzidine.

Smokers produced sputa containing abnormal colurmelés in all cases. Macrophages containing
copper granules in the cytoplasm were found in @f%vorkers engaged in vineyard spraying,

compared to none in the control group. Sputum spes were evaluated for eosinophils,

respiratory spirals, respiratory cell atypia andagous metaplasia. Abnormal findings were more
frequent in smokers than non-smokers. Atypical sguas metaplasia was observed in 29% of
smokers who were vineyard workers, but only in 5%cases in the non-smoking vineyard

sprayers. There was enhanced expectoration of spintia high percentage of vineyard sprayers
and in smoking controls, indicating that exposupecbpper and cigarette smoke affects the
respiratory epithelium.

Exposure to (home-made) Bordeaux Mixture in vindyspraying affects the sputum. Smoking
appears to exacerbate the effects.

Reference: Menzes, A.P., and Pimentel, J.C. (1996)
Guideline:  No
GCP: No

Abstract only. Summarises changes seen in livgpabients with Vineyard Sprayer’s Lung, and
notes that similar liver lesions have been recorotedhe livers of workers exposed to other
pathogenic dusts (cement, cork, fur, mica and wood)

The foreign material could be identified within thesions, using appropriate histological and
histochemical techniques. It would appear that lethgarticulates can be transported to the liver,
and can cause liver changes.

The authors conclude that the identification ofefgn materials stored by the liver can be an
important diagnostic tool in inhalatory disease.
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4.9.3 Other relevant information

Reference: Stoner, G.D., Shimkin, M.B., Troxell, M.C., Thongus T.L. and Terry, L.S. (1975)
Guideline:  No
GLP: No

Cupric acetate (one of several metallic compoundsstigated) in 0.85% sodium chloride solution
was administered by intra-peritoneal injection toups of 10 male and female Strain A/Strong
mice at dose levels of 36, 90 and 180 mg/kg bodighteThe injections were given three times a
week for eight weeks (24 injections). Similar greugf mice were given 0.85% sodium chloride
solution (24 injections), a single injection of tr@n (positive control at 20 mg/animal) or remained
untreated. The mice were weighed every 2 weekshgute injection period and at monthly
intervals thereafter. They were killed 30 weekerafhe first injection and their lungs removed and
fixed in Tellyesniczky’s fluid. After 1 to 2 daysilky-white nodules on the lungs were counted; a
few nodules were examined histopathologically toficon the adenoma. Other selected organs
(liver, intestines, thymus, kidney, spleen, salvaand endocrine glands) were examined
histopathologically. Statistical analyses were qenied.

Mean numbers of lung tumours in the vehicle andeatéd control mice were similar indicating
that occurrence was not significantly affected liy injections (table below). In the positive cohtro
the results demonstrated that the strain A waslsigitfor the induction of lung tumours. In mice
treated with cupric acetate there was no statlitisgnificant response to the numbers of tumours
produced although the high dose produced a meahQofThis result was based on only five
surviving animals.

Table 40: Measurement of lung tumours
Dose level| Number of Animals with Mean number lung
Treatment ) lung tumours :
(mg/kg) survivors (%) tumours/animal

0.85% NacCl solution NA 19/20 37 0.42
Urethan 20 mg NA 18/20 100 21.6
Untreated NA 19/20 31 0.28

180 5/20 60 2.00
Cupric acetate 90 18/20 50 0.56

36 15/20 27 0.40

The average numbers of tumours per lung increasea dose-dependent manner but was not
stastically significant. There was no evidencedoy other tumors in the limited number of organs
investigated. However, this study presented sonfieigiecies to assess carcinogenicity properties
as the term of exposure, the inadequate numbeemiofials, inappropriate exposure route and
limited histopathological investigation.

4.9.4 Summary and discussion of carcinogenicity

Copper has been administered orally to rats in leng studies up to two years in duration. None
of the studies presented below meets exactly theinements of the International Guidelines, but
they do show conclusively that copper has no caggnic activity.
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Three types of studies have been performed:
- investigative toxicity studies demonstrating thadderm effects of very high dose levels
(Haywood S., 1980 and 1985; Haywood S. and al.5),98
- co-administration with known carcinogens to dent@ts that copper is effective at
reducing the incidence and delaying the onset mibtus (Howell, J.S., 1958; Burki, H.R.
and al. 1969; Carlton W.W. and al. 1973) and
- atwo-year dietary administration study (HarrisSoW.E., 1954).

The investigative toxicity studies, which were o2 weeks in duration, showed that dietary dose
levels equivalent to 250 mg Cu/kg bw/day were assed with initial (week 6) liver damage
including hypertrophied hyperchromatic parenchyroalls, necrosis and marked inflammatory
reaction, and kidney damage to the proximal cortedlutubule. Both liver and kidney showed
complete recovery between 9 and 15 weeks of casdincopper administration, through to
scheduled termination at 52 weeks. Subsequentgetianimals were able to tolerate even higher
doses of copper, up to 300 mg/kg bw/day, even thdbg dose was lethal to naive rats. There
were no indications of pre-cancerous changes, antumours, up to 52 weeks administration
(scheduled termination). The studies investigatgth loses only; there was no attempt to derive
no-effect levels.

The co-administration study was designed to shdecef of copper when administered with a
known liver carcinogen to two strains of rats fgr to 19 months, and is one of several in the
literature. The study showed that co-administratidrcopper significantly reduced the incidence
and onset of liver tumours, which occurred at véigh incidence in groups receiving the
carcinogen without additional copper, and at cdningidence in some groups receiving the
carcinogen and additional copper. Thus copper pparantly a beneficial effect on liver cancer
induction by a known carcinogen. It can also bectared that copper has no activity as a
cocarcinogen, or promoter (if copper hlaglen a promoter, the liver tumours would have arise
earlier in the rats exposed to the carcinogen qbpper).

The two-year dietary study compared the administnadf copper as sulphate or as gluconate with
copper as potassium sodium copper chlorophyllire Study showed that there was no increase in
incidence of any tumour type after two years dietaiministration of potassium sodium copper
chlorophyllin at 3% dietary inclusion (approximat&0 mg Cu/kg bw/day).

But these studies suffered of real insufficiencies.

Copper is an essential nutrient, naturally presersimost all foodstuffs. Humans are exposed to
copper in the diet from weaning as an essentialanidrient. Most western diets contain between 1
and 2 mg Cu/person/day. As such the populatiorxg®®ed to copper in the diet every day. The
various natural mechanisms for regulating coppéwuimans were described previously.

There are genetic abnormalities which lead to actation of copper in the liver, kidney and in the
brain (Wilson’s disease), and in the intestinattegdium, kidney and fibroblasts (Menkes’ disease).
Both diseases can be fatal if not treated, buetieno evidence for increased incidence of cancer
in victims of either Wilson’s or Menkes’ diseasesgite the chronic high tissue copper levels.

The condition known as Vineyard Sprayer’'s Lung (Y3ias been reported in several papers,
mostly from Portugal, but also from the former Yagwia. The condition is characterised by lung
lesions with a focal distribution correspondinghcee distinct patterns; a varying number of alveol
filled with desquamated macrophages, granulomasenalveoli septa and fibro-hyaline nodules
which appear to be the scars of the granulomasatiteghanges included proliferation and diffuse
swelling of Kupffer’s cells and the formation of Mvdefined histiocytic or sarcoid-type granulomas
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all with inclusions of copper. These lesions weiwags found near the portal tracts. The
identification of copper within the lesions chamed the nature of these granulomas. Copper
deposits were never found in hepatocytes. The pagescribe the preparation on-site of Bordeaux
Mixture, as a copper sulphate solution neutralaéth hydrated lime, and primitive application
techniques at higher rates than those used in moalgriculture, where Bordeaux Mixture is
formulated under controlled conditions in dedicdictories, and applied using modern machinery
by workers wearing appropriate protective equipmpbftust of the published findings date from the
1970s and 1980s. Some of the papers were compmbroezsause the authors did not adequately
describe the smoking habits of the subjects, onlyng that certain subjects were heavy smokers.
The Yugoslav paper surveyed smoking and non-smakiray workers, including those which did
and those which did not use home-made Bordeauxuneixand found that there were indications of
adverse effects in users of Bordeaux Mixture thexenexacerbated by smoking.

Bordeaux Mixture is a highly complex mineral mixunf the reaction of the lime and copper
sulphate is not strictly controlled, the resultm&ture may not be sufficiently neutralised, andyma
contain significant amounts of plaster and gypsinma form that if inhaled, may result in lung
disease. One paper also notes that similar livepmes to those in VSL have been recorded in
workers exposed to other pathogenic dusts (cerserk, fur, mica and wood), where the inhaled
dust has been transported, presumably by macrophiagine liver.

In theses epidemiological data analysis differesnfasing situation were identified (smoking,

wood dust, arsenic, etc...). On the other hand, tRE€Sl publication (IPCS, 1998) on

epidemiological studies excluded a link between d.wancer and copper compound inhalation
exposure.

Based on the limited information available in epm@ogical studies, the link between Vineyard
Sprayers Lung and lung cancer cannot be established

The weight of evidence in humans and rats is thpper is not carcinogenic.

4.9.5 Comparison with criteria

1) Criteria in the CLP classification :

A substance shall be classified in category 2 fotisagenic endpoint if the substance is suspected
as human carcinogen. The placing of a substanttasrcategory is done on the basis of evidence
obtained from human and/or animal studies, but iscnot sufficiently convincing to place the
substance in category 1, based on strength of msgd®gether with additional consideration.

2) Comparison with criteria:

For copper compounds, no increase incidences obraiwere observed in the different animal
studies by oral route. Moreover, there are two germ®nditions in human (Wilson’s disease and
Menkes’ disease) that result in major alteratian€opper absorption, distribution and excretion.
Wilson’s disease (where copper is absorbed inrtesiine but cannot be pumped out of the liver to
bile) leads to accumulation of copper in the ppatitarget organ, the liver, and also in the kigney
brain and the cornea. People with Menkes’ diseabkere copper is absorbed by intestinal cells but
cannot be pumped out of these cells to the hepattal system) can only absorb minimal amounts
of copper, and show chronic accumulation of coppehe intestinal epithelium and high levels in
kidney and in fibroblasts. Human subjects with éhesnditions may die of the condition itself (if
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untreated), but they do not show any increasediémde of cancer. If abnormally high levels of
copper are present over long periods in an orgarssue, yet there is no association between the
high copper levels and cancer in these organssuds, in chronic disease, then it is reasonable to

4.9.6 Conclusions on classification and labelling

In this context, the available data do not suppatassification for the carcinogenic endpoint.

RAC evaluation of carcinogenicity

Summary of the Dossier submitter’s proposal

No data on coated copper flakes are available in the CLH report. However, in light of the
proposal to read-across between the different copper compounds for systemic endpoints
(see section “"RAC general comment” above), the dossier submitter referred in the CLH
report to several long-term animal studies with other copper compounds and to human
data on copper exposure.

Several animal studies administering copper compounds in either drinking water or diet
of rats and mice for various periods of time (up to two years) are presented. However,
none meets the guidelines for carcinogenicity testing and several have shortcomings
when it comes to evaluating carcinogenicity, such as short duration. None of the studies
showed an indication of carcinogenic potential of copper administered systemically. Co-
administration of copper with known carcinogens appeared to lower the risk of tumour
formation in some cases.

Several cohort or epidemiological studies in humans exposed to copper through copper
mining, smelting and refining are briefly summarised in the CLH report. The dossier
submitter concluded that they provide little evidence for increased risk of cancer with
exposure to copper compounds. Reference is also made to reports of the occupational
disease Vineyard Sprayer’s Lungs (VSL) associated with exposure to home-made
Bordeaux Mixture. Due to poor reporting and possible confounders such as smoking, the
dossier submitter concluded that a link between lung cancer and VSL cannot be
established. There are two rare genetic diseases of copper in humans (Wilson’s disease
and Menkes’ disease), but there is no evidence of increased incidences of cancer in
patients with either disease, despite the chronic high tissue copper levels.

The dossier submitter concluded that the weight of evidence in humans and animals is
that copper is not carcinogenic and that therefore no classification for carcinogenicity is
warranted for copper compounds, including coated copper flakes.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

RAC notes that no data are available on coated copper flakes. The CLH report contains
some data on other copper compounds (among which copper sulphate pentahydrate),
from which the dossier submitter proposed to read-across to coated copper flakes. In
view of the considerations presented in the section "RAC general comment”, RAC has not
pursued the aspect of grouping any further. RAC concludes that in the absence of
relevant data no proposal for classification for carcinogenicity can be made for coated
copper flakes.
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4.10 Toxicity for reproduction

Table 41.: Summary table of relevant reproductsecity studies
Method | Results Remarks Reference
Fertility
2-generation study Parental toxicity OECD 416 Mylchreest
Sprague-Dawley rats No treatment related effect on mortality, clinisans, bw gain, food consumption, food| GLP , E.
30/sex/group efficiency in either sex in any generation. (2005)
Oral, diet At 1500 ppm:| spleen weight in female.liver iron concentration in P1 females at 1500
Copper sulphate pentahydrate ppm.
0, 100, 500, 100 or 1500 ppm -
equivalent to in actual doses (P1-F L)'::ertlllty effects N ) _ o
0. 1.53-2.65. 7.7-13.3. 15.2-26.7 a“lj\lo adverse effects on fertility, general reprodieperformance or offspring viability and
23.6-43.8 mg/kg body weight/day growth.
Offspring effects
At 1500 ppm:| spleen weight in Fland F2 male and female weaslihBrain copper
concentration in F1 females and F1 and F2 male vegn| plasma iron concentration in
F2 male and female weanlingsliver copper concentration in F1 female.
1000ppm:1 liver copper concentration of F1 males and F1 B&dmale and female
weanlings.
The majority of effects are reported in weanlingd & dams at the end of lactation - the
food intake and compound consumption data showbibit of these “populations” were
consuming significantly higher amounts of diet thawards the end of the pre-mating
maturation periods, and that the spleen effecteiaraeen in males at termination, wher
compound consumption is much lower. From this iy/iin@ concluded that the spleen
effects may be transient even at high doses, atduhen the dietary intake i.e. dose level
is reduced, the spleen effect diminishes.
Fertility (cross mating) No differences between treated and control grompsy of the parameters studied No GLP De la
Wistar rats (pregnancy rate, implantation, resorption, livetfises, gross fetal anomalies, duration ¢f Iglesia F.
gestation, litter size, number of live young, grassmalies, litter and mean pup weight W. et al
20 females/groups throught the weaning. (2973)
Gavage
Copper gluconate
0, 3 or 30 mg/kg/day
Fertility/ No adverse effects on mating performaand pregnancy rate. No GLP Lecyk, M.
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teratology Deviations: No detail | (1980)
Mouse given on the size of the
Copper sulphate groups. The study did ngt
0, 500, 1000, 1500, 2000, 3000 or measure maternal bw
4000 pbm gains or maternal liver
bp . histology or copper
4000ppm correspond approximately content.
to 570 mg/kg bw/d
Developmental toxicity
Teratology Maternal toxicity OECD 414 Munley, S.
NZW Rabbit 3 deaths and 2 abortions (subsequently sacrified)8ang/kg/day. Animal found deddGLP (2003a to
22 females/group showed diarrhoea, red staining, weakness and ieegespiration. Purity: 61.14% w/w d)
Gavage Marked initial weight loss at and above 9 mg/kg dwvWlean weight gain was 31% and
o : , , .
Copper hydroxide t7h2e/(t)r2;tgr)n:2? tfii(;r&g/kg bw/d, respectively. Markegbpetance during the initial part pf
0, 6, 9 or 18 mg/kg/day P :
Developmental effects
| mean foetal bw at 18 mg/kg bw/d (9% lower thantadh 3 treated foetus and 1 control
animal have malformations. These malformations weoesidered spontaneous and
unrelated to treatmentincidence of foetal skeletal findings at 9 andi@kg/day.
Teratology No maternal or developmental effects No GLP De la
Rat Deviations: Partial {/g\g/lesm IF
.eta
Gavage summary. Treatment €
i ] (1972a
Copper gluconate duration too short (day5 ( )
0, 0.1, 3 or 30 mg/kg/day 15 of pregnancy). Size of
o the groups not given.
Teratology No maternal effects. Litter parameters were noeashkly affected by treatment. No GLP De la
Swiss Mice Deviations: The Iglesia F.
Gavage treatment duration is too| W- et al
short, the methodology | (1972b)

Copper gluconate
0, 0.1, 3 or 30 mg/kg/day

suffers of insufficiencies
and there was no
information in the
summary on examinatio
for visceral and skeletal
defects. Size of the

groups not given
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Teratology There was no significant increase in the incidesfagongenital malformations or growth| No guideline Barlow,
CW* as copper wire (Intra uterine | retardation in foetuses from uterine horns contgjriopper coils, when compared with | No GLP S.M,,
device) those from unoperated horns, sham-operated harh®ros containing stainless-steel Purity = 99 9% Knight,
R . coils. y. o A.F. and
at Wistar ut there were significant increases in fetal hrétal liver, placenta and uterine coppe Investigation of the House, I.
Developing foetuses were exposed tevels in com arigon with rats containing steelscor no C(’)illas PP] effects of intrauterine (1981)
intrauterine copper from days 9 to 21 P 9 ' exposure to copper IUD$
of pregnancy and prenatal
development in the rat
Teratology No adverse effects (teratogenicity or growth angetigpment) attributable to the exposuréNo guideline Chang,
of parent females to copper were seen;inf animals. No GLP C.C. And
CU** as copper wire (Intra uterine Purity = 99.9% I'ajum,
device) e
o (1973)
Investigation of the
Rat: Holtzman strain. effects of intrauterine
Hamster: Not stated. exposure to copper IUD$
Rabbit: New Zealand White. and prenatal
development
Rat and Hamster: approximately
2.75 pg per day
Rabbit: approximately 5.50 ug per
day
Rat/hamster; From day 6 of
pregnancy until sacrifice of parent
Rabbit: From day 7 of pregnancy
until sacrifice of parent
Teratology Histology of maternal liver and kidney showed cheshgonsistent with toxicity. No guideline (published | Haddad,
Wistar Rat Foetal liver and kidney histologically normal, wghme delays to ossification of skeletonpaper) D.S., Al-
14 mated females/group No GLP Alousi,
L.A. and
Copper acetate Kantarjian,
Oral (drinking water) AH.
0.185% wi/v (approximately 65 mg (1991)

Cu/kg body weight per day).
Duration: 7 weeks immediately prio
to mating

—
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4.10.1 Effects on fertility

4.10.1.1Non-human information

Reference: Mylchreest, E. (2005)
Guideline:  OECD 416
GLP: Yes
Deviations Yes
« Testicular histopathological examinations are ndlyfdescribed

Copper sulphate pentahydrate was selected as esespative form of copper for investigation of
gonadal function, effects of conception, partunitiand growth/development of rats over two
generations. One set of litters were produced ¢h egeneration. Five groups of 30 male and 30
female Sprague-Dawley (Crl:CD (SD)IGS) rats wergegicopper sulphate pentahydrate in diet (by
direct admixture — no vehicle included in test sabse/diet mixture) at dose concentrations of 0,
100, 500, 1000 or 1500 ppm (equivalent to 0, 1.%5,27.7-13.3, 15.2-26.7, 23.6-43.8 mg/kg body
weight/day). Animals in the P1 generation were dofar at least 70 days prior to mating,
continuing through to sacrifice on test day 109-{rhales) or day 21 postpartum (females). The F1
generation were given treated diet at same testae concentrations from day 21, for at least 70
days prior to mating and then continuing to samifon test day 119 (F1 males) or day 21 post-
partum (F1 female dams) or the day of weaning fooFF2 pups.

Fresh treated diet was prepared for each groupeakly intervals throughout the study. The
untreated diet, fed to controls, was a standardrbldreeder diet — certified Rodent LabDiet 5002.
Diets were sampled for assessment of homogenettystability at room temperature for 7 or 14
days, and under refrigerated and/or frozen stofagperiods of 7, 14 or 21 days. Drinking water
and standard diet were sampled for analysis of @oppncentration.

For the P1 generation, 165 male and 165 femalevats obtained at approximately 8 weeks of age
and in a weight range of 262-332g (males) or 166g23emales). The rats were non-siblings. The
rats were housed individually in suspended stasrgésel mesh cages except for mating when males
and females were housed as breeding pairs. Aftempladion of cohabitation phase the females
were individually housed in polycarbonate pansn@f evidence of copulation), or, if pregnant,
returned to stainless steel mesh cages for gestatio then transferred to polycarbonate pans from
day 20 of gestation and through lactation. Foodwaatkr were provided ad libitum through out the
study.

For the P1 generation, the obtained rats were thblgewveight after a suitable acclimation period
and then allocated to study groups using a sedtifandomisation procedure to ensure group mean
initial bodyweights were not statistically diffeter-or the F1 litters, offspring were randomly
selected on day 21 postpartum, one rat/sex/littesres possible, for allocation as parents for the F2
generation.

During the study cageside observations for assedsmé clinical signs or evidence of
moribundity/death were completed at least onceydaild a full clinical examination (including
handling and examination for abnormal appearana¥oarbehaviour) was completed weekly
during pre-mating, gestation and lactation phaBeslyweights were recorded at weekly intervals,
pre-mating, and weekly thereafter for males anddorales without evidence of copulation, or that
did not deliver a litter. For the F1 generationdiidnal weights were recorded on achievement of
developmental landmarks (vaginal patency or prepsgparation). During gestation and lactation
the dams were weighed on days 0, 7, 14 and dalydd consumption was recorded, and reported
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weekly during the 70 day pre-mating phase for bBth and F1 generations (values for food
efficiency and daily test substance intake werévddrfrom food consumption during this phase of
the study). Food consumption was also recordegregnant P1 and F1 dams on days 0, 7, 14 and
21 of gestation and 0, 7 and 14 of lactation.

After approximately 10 weeks exposure to treated, dne rats were pair-housed for breeding (1:1
with non-sibling mate), remaining together for opwo weeks or until evidence of copulation was
observed. Vaginal lavage samples were analysedefstrous cycling from all females beginning 3
weeks prior to mating period up to end of cohalatabr time of mating. Additional samples were
collected at terminal sacrifice. Sperm parameteusnper of motile sperm and abnormal sperm per
200 cells per animal, sperm count per cauda epmwigland per gram epididymis, spermatid count
per testis and per gram testis) were evaluated filmenleft testis for males of both parental
generations at terminal sacrifice. The right testes preserved in Bouin’s fluid for traditional
histopathology.

From Day 20 of gestation, after transferring damspblycarbonate pans, the females were
examined twice daily for signs of delivery/offsgginDuring lactation, on days 0, 4, 7, 14 and 21,
pups were handled and examined for abnormal betnagiod appearance. On day 0, live and dead
pups were counted and live pups were sexed andheaid.itters were culled to 4/sex (where
possible) on day 4 when pups were again weigheccandted. Pups were weighed again on days
7,14 and 21.

For the F1 generation, offspring (1 rat/sex/littegm the F1 litters were selected. Developmental
landmarks (vaginal patency, preputial separatiogmevchecked.

Terminal procedures for all P1 and F1 parents wvagimacroscopic examination and examination
of uteri for presence and number of implantatiadessi Blood samples were collected from ten
animals of each group. Tissues (males: testisjdyprddes, prostate, seminal vesicles, coagulating
glands; females: ovaries, uterus, vagina, cervithbsexes: brain, liver, gross abnormalities,
kidneys, pancreas, femur, intestines, heart.) voeleected from each adult and preserved for
possible histopathology.

Pups found dead during lactation and those sumyivim termination were subject to gross
pathological examination and the carcass presefredn the pups culled on lactation day 4, six of
each sex were selected per group and samplesiofamd liver collected and stored deep frozen.

For the F1 and F2 weanlings - all showing grossoabalities or clinical signs were subject to
gross pathological examination; one pup/sex/littas also subject to necropsy. Gross lesions and
tissue from potential target organs (brain andr)iveere preserved and microscopic examination of
these tissues completed for F1 and F2 high dosecamiiol pups. Blood samples were collected
from ten rats of each sex from F1 and F2 malesfaméles. Tissue samples (brain, liver, kidney,
pancreas, femur, intestine and heart) were colleftten the same pups and stored, after freezing in
liquid nitrogen, for possible chemical analysisyacroscopic evaluation.

Organ weights were collected for P1 and F1 adultdesn testes, epididymides, right cauda
epididymis, seminal vesicles, prostate; femalesirieg, uterus; both sexes: liver, brain, kidneys,
spleen, adrenal, pituitary and thyroid. Final bodight data were used for calculation of relevant
organ/weight ratios. No organ weights were recordedursing pups but liver, brain, spleen and
thymus weights were recorded for one pup/sex/liteF1 and F2 weanlings.

Tissues designated for histopathological examinatiocluded: reproductive organs, Qross
abnormalities, liver and brain for P1 and F1 adultenly high dose and control groups examined.
In addition, reproductive organs were examinedafbmated animals failing to produce a litter.

No microscopic examinations were completed for ingreffspring.
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Liver, brain and gross abnormalities were examifiean one pup/sex/litter for F1 and F2
weanlings of control and high dose groups only.

Quantitative assessment of primordial and growiayian follicles was completed for ten lactating
F1 females from control and high dose groups only.

Analvtical findings:

Stability evaluation indicated the test substanes wtable in diet for the study duration. The test
substance stability analysis indicated the teserratwas stable for the duration of the assay.
Homogeneity analyses indicated that the mixing @doces were adequate for the study.
Concentration assessment indicated that the nonémgét dose levels had been achieved. The
mean copper content of control diet was 13.7 pphe Mean copper concentration added to test
diet diets was in the range of 25 to 382 ppm (I®A500 ppm copper sulphate pentahydrate).
Copper concentration in drinking water, analysedvem occasions during the study were 0.014 and
0.024 ppm.

Test substance achieved intake is tabulated ie #b] for the various phases of the study and for
each generation.

Table 42: Summary of achieved test substanceer(tak/kg bw/day)
Group/study phase: Dose level (nominal ppm conceration)
100 500 1000 1500

P1 males — pre-mating 1.53 7.7 15.2 23.4
P1 females — pre-mating 1.92 9.6 19.1 29.5
P1 females — gestation 1.67 8.6 17.0 26.2
P1 females — first two weeks of lactation 3.39 17.1 33.8 55.7

F1 males — pre-mating 2.25 11.5 23.5 36.1
F1 females — pre-mating 2.65 13.3 26.7 43.8
F1 females — gestation 1.69 8.5 17.1 26.5
F1 females — first two weeks of lactation 3.27 17.4§ 35.2 55.4

There were no clinical reactions to treatment tghmut the study for the P1 male rats. The P1
females showed no clinical reaction to treatmemingupre-mating, gestation or lactation at any of
the four dose concentrations. Similarly there waseclinical signs of reaction to treatment for the
F1 males or F1 females at any dose level or astage of the study.

There were no effects, considered attributabledatient with copper sulphate pentahydrate, on
either body weight or body weight gain in compamisath controls, for the males and females of
the P1 generation. Occasional statistically sigaiit increases (males) or decreases (females) were
small in magnitude, of sporadic occurrence or shgwio dose relationship and were considered
spurious findings.

Similarly, for the F1 generation adults, there wecetreatment related effects on bodyweight or
weight gain in either sex at any of the dose cotragons.

While there were occasional statistically significalifferences in food consumption and food
utilisation efficiency (tables 43 and 44) betwerrated and control groups in both sexes in the P1
and F1 adult groups, these were either small innihade or showed no dose relationship. In
summary, there were no consistent effects on fay$wumption of food conversion efficiency to
indicate an effect of treatment for the males itlai generation nor for the females, either pre-
mating or during gestation/lactation.
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Table 43: Food consumption P1 adults
Week Males (ppm) Females (ppm)
0 | 100 | 500 | 1000 1500 0 | 100] 500] 1000 1500
Pre-
matin
/da
0-7 25.3 26.5 25.4 25.5 [02;016] 18.6 20.0* 19.4 19.7 19.7
[0.235] | [0.233] | [0.243] | [0.241] | "% [0.174] | [0.143] | [0.154] | [0.147] | [0.154]
7-14 25.2 | 25.9 25.8 25.3 26.4 18.7 19.9 19.4 18.4 18.6
[0.190] | [0.190] | [0.205] | [0.206] | [0.169] | [0.109] | [0.103] | [0.097] | [0.089] | [0.075]
14-21 257 | 26.2 26.8 26.7 26.8 19.1 20.2 20.6* 19.8 19.5
[0.180] | [0.161] | [0.166] | [0.165] | [0.161] | [0.064] | [0.079] | [0.072] | [0.099] | [0.094]
21-28 27.0 | 26.6 27.1 27.0 26.6 20.4 21.0 20.6 19.8 20.0
[0.156] | [0.140] | [0.148] | [0.158] | [0.149] | [0.107] | [0.109] | [0.072] | [0.10] | [0.083]
28-35 27.4 | 26.9 28.0 27.4 27.7 19.9 20.6 20.6 20.2 20.7
[0.136] | [0.126] | [0.139] | [0.131] | [0.121] | [0.053] | [0.053] | [0.084] | [0.067] | [0.074]
35-42 276 | 27.1 27.5 26.9 26.7 19.6 20.3 19.2 19.4 20.1
[0.108] | [0.114] | [0.115] | [0.109] | [0.113] | [0.047] | [0.031] | [0.002]* | [0.041] | [0.027]
42-49 27.4 | 269 27.3 26.6 26.3 18.6 19.3 18.5 18.6 19.4
[0.106] | [0.104] | [0.111] | [0.102] | [0.115] | [0.051] | [0.062] | [0.079] | [0.044] | [0.064]
49-56 272 | 271 27.3 26.9 27.2 18.7 19.5 18.9 19.1 19.4
[0.074] | [0.075] | [0.067] | [0.069] | [0.062] | [0.037] | [0.063] | [0.045] | [0.043] | [0.018]
56-63 26.4 | 276 | 28.2* | 274 27.3 18.6 18.9 18.9 19.5 19.8
[0.074] | [0.087] | [0.087] | [0.077] | [0.039] | [0.043] | [0.052] | [0.048] | [0.062] | [0.067]
63-70 26.3 | 27.0 | 28.0x | 27.8 | 276 18.8 19.6 19.5 20.2 | 20.3*
[0.059] | [0.061] | [0.062] | [0.073] | [0.070] | [0.042] | [0.047] | [0.023] | [0.043] | [0.026]
During
gestation
/da
0-7 23.1 23.7 23.9 23.3 24.7
[0.218] | [0.214] | [0.212] | [0.215] | [0.209]
7-14 24.1 25.4 25.8 26.0 25.6
[0.170] | [0.160] | [0.170] | [0.175] | [0.171]
14-21 23.6 23.9 25.0 24.4 25.4
[0.428] | [0.400] | [0.409] | [0.413] | [0.428]
0-21 23.5 24.3 24.9 24.6 | 25.2*
[0.272] | [0.257] | [0.264] | [0.265] | [0.270]
During
lactation
(a/day)
0-7 35.9 38.3 40.2 37.8 | 42.7*
[0.059] | [0.071] | [0.079] | [0.045] | [0.059]
7-14 49.7 53.5* 56.8* 53.1 | 58.7*
[-0.002] | [0.008] | [0.009] | [0.007] | [0.006]
0-14 42.8 45.9 48.5* 455 | 50.7*

[0.025] | [0.035] | [0.037] | [0.025] | [0.028]

[ ] food conversion efficiency {grams weight gairdgns food consumed}
* Statistically significantly different from cortls p < 0.05

Table 44: Food consumption F1 adults

| Week | Males (ppm) Females (ppm)

124



CLH REPORT FOR COPPER POWDER

0 | 100 | 500 | 1000| 1500 | 0 | 100 500 100D 150
Pre-mating
(a/day)
0-7 14.7 14.9 15.8 14.9 15.3 14.1 13.6 14.1 13.4 14.1
[0.427] | [0.434] | [0.413] | [0.410] | [0.400] | [0.384] | [0.397] | [0.392] | [0.380] | [0.360]
7-14 19.9 20.8 22.1* 21.1 21.9 18.1 18.3 19.5 19.3 20.8
[0.401] | [0.394] | [0.379] | [0.397] | [0.377] | [0.325] | [0.319] | [0.310] | [0.315] | [0.287]*
14-21 23.1 24.2 25.3* 24.3 25.3* 19.7 211 | 22.4* 21.0 21.8*
[0.362] | [0.352] | [0.333]* | [0.352] | [0.333]* | [0.239] | [0.221] | [0.219] | [0.243] | [0.221]
21-28 25.4 26.4 26.8 27.2 26.9 19.7 20.3 20.4 20.6 22.2%
[0.344] | [0.336] | [0.335] | [0.326] | [0.309]* | [0.178] | [0.159] | [0.158] | [0.175] | [0.150]
28-35 272 | 285 | 286 [022588] 296 | 194 | 215 | 218 | 214 | 220
[0.295] | [0.282] | [0.272]* " [0.253]* | [0.153] | [0.153] | [0.142] | [0.151] | [0.127]
35-42 27.3 29.1 28.7 28.8 29.9 20.2 21.8 215 215 23.4
[0.240] | [0.230] | [0.228] | [0.228] | [0.204] | [0.124] | [0.122] | [0.132] | [0.123] | [0.114]
42-49 28.8 29.0 29.2 29.5 29.3 20.8 22.2 21.4 22.3 23.4
[0.186] | [0.189] | [0.183] | [0.171] | [0.177] | [0.117] | [0.099] | [0.099] | [0.094] | [0.090]
49-56 285 28.9 28.9 30.2 29.0 20.8 21.8 21.4 21.1 21.8
[0.156] | [0.162] | [0.148] | [0.160] | [0.145] | [0.079] | [0.105] | [0.089] | [0.075] | [0.069]
56-63 28.0 29.1 28.5 29.1 29.3 21.4 21.4 22.0 23.9 24.0
[0.124] | [0.140] | [0.126] | [0.120] | [0.128] | [0.083] | [0.063] | [0.080] | [0.089] | [0.066]
63-70 27.6 28.8 28.5 29.3 28.9 21.4 21.3 20.2 20.6 21.1
[0.112] | [0.126] | [0.122] | [0.117] | [0.119] | [0.069] | [0.072] | [0.060] | [0.054] | [0.057]
During
gestation
(a/day)
0-7 23.1 235 23.9 23.4 23.8
[0.229] | [0.213] | [0.212] | [0.223] | [0.219]
7-14 24.3 24.3 24.6 25.5 25.0
[0.176] | [0.164] | [0.162] | [0.182] | [0.165]
14-21 25.0 24.1 25.1 24.4 24.5
[0.430] | [0.458] | [0.445] | [0.422] | [0.447]
0-21 24.1 23.9 24.5 24.4 24.4
[0.280] | [0.278] | [0.270] | [0.276] | [0.277]
During
lactation
(a/day)
0-7 35.8 37.3 | 42.4* 40.5 45.9*
[0.047] | [0.078] | [0.070] | [0.060] | [0.062]
714 520 | 203 | %47 | 547 54.8
[0.019] 0.029] | 0.007] [-0.027] | [-0.018]
0-14 43.9 43.8 | 485" 47.6 50.3*
[0.032] | [0.018] | [0.028] | [0.014] | [0.026]

[ ] food conversion efficiency {grams weight gairdgns food consumed}
* Statistically significantly different from cortls p < 0.05

There were no treatment-related effects on anyhefsperm parameters investigated for males in
either the P1 or F1 generation.

The mean percent number of days in oestrus, digestrproestrus were unaffected in either the P1
or F1 generations. The total mean cycle length suaslarly unaffected by treatment with copper
sulphate pentahydrate. The total number of daystspeoestrus was slightly higher for the P1
females dosed at 1000 or 1500 ppm (47 and 40%  ctaply) in comparison with controls (30%)

but since there were no effects on mean oestratle Bngth nor any adverse reproductive changes,

this minor change was not considered to be biodlyisignificant.
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At termination the distribution of oestrous cyctages was similar for P1 and F1 females and no
treatment effect was postulated.

For the P1 and F1 generations there were no tre¢rakated effects on any of the reproductive
indices investigated at any of the four dose cotmagans (tables 45 and 46). These included
precoital interval length, mating and fertility iods, gestation length, the number of implantation
sites and the implantation efficiency.

Table 45: P1 adult reproductive performance
Group 1 2 3 4 5
Treatment (ppm) Control 100 500 1000 1500
Males: n 30 30 30 30 30
Number mating 27 30 28 28 29
Mating index% 90.0 100 93.3 93.3 96.7
Females: n 30 30 30 30 30
Number pregnant 25 29 27 25 27
Fertility index (%) 92.6 96.7 96.4 89.3 93.1
Mean gestation length 222 22.4 223 223 22.4
(days)
Total resorption 0 0 0 0 0
Mean number of 14.5 14.1 13.9 14.0 13.8
implantation sites per
pregnant female
Number of pregnant femalg 25 29 27 25 27
Implantation efficiency (%) 93.3 92.4 91.6 93.2 o1,
Mean number of pups born 4 5 13.2 13.0 13.1 13.6
per litter

Table 46: F1 adult reproductive performance
Group 1 2 3 4 5
Treatment (ppm) Control 100 500 1000 1500
Males: n 30 30 30 29 30
Number mating 29 30 30 29 30
Mating index% 96.7 100 100 100 100
Females: n 30 30 30 29 30
Number pregnant 28 30 28 25 30
Fertility index (%) 96.6 100 93.3 86.2 100
Mean gestation length
(days) 22.2 22.2 22.2 22.2 22.3
Total resorption 0 0 0 0 0
Mean number of
implantation sites per 15.0 14.5 14.7 14.0 14.2
pregnant female
Number of pregnant femalg 28 30 27 25 30
Implantation efficiency (%) 94.7 95.8 93.8 95.6 Pl
Mean number of pups born
per litter 14.2 13.9 13.8 13.3 13.2

Treatment with copper sulphate pentahydrate haeffieat on the number of pups born, the number
of liveborn pups or the numbers of pups survivingt 7, 14 or 21 days post-partum (tables 47 and

126



CLH REPORT FOR COPPER POWDER

48). In either generation, F1 or F2 offspring, therere any treatment-related effects on the sex
ratio within litters, or survival indices duringdi@tion at any of the dose concentrations tested.

Table 47: Litter data for F1 pups
Group 1 2 3 4 5
Treatment (ppm) Control 100 500 1000 1500
Number of pregnant females 25 29 27 25 26
Mean litter size — birth 13.6 13.2 13.0 13.1 13.6
Mean number live born 13.6 13.1 12.7 12.9 13.5
Mean number of pups pre- 5 , 12.9 13.2 12.8 13.4
culling on day 4
Mean number of pups per ;g 7.8 7.9 7.9 8.0
litter post day 4 culling
Mean number of pups per ;g 78 7.9 7.9 8.0
litter on day 7
Mean number of pups per
liter on day14 7.8 7.8 7.9 7.9 8.0
Mean number of pups per
litter on day 21 7.8 7.8 7.9 7.9 8.0
Sex ratio (% males) 52 48 53 49 50
G_estatlon mdex_ (% litters 100 100 100 100 100
with at least one live pup)
Mean percent born alive 99.5 98.9 95.2 98.9 99.5
Viability Day 0-4 (%) 98.6 98.8 99.5 98.9 99.2
Lactation index 99.5 100 99.5 100 100
Litter survival (% litters with
at least one pup alive at day 100 100 100 100 100
21)
Mean pup weight (g) —
Day 0 6.6 6.7 6.7 6.5 6.7
Day 4 pre-culling 10.7 11.3 11.0 10.7 11.1
Day 4 post-culling 10.7 11.3 11.0 10.8 11.1
Day 7 17.3 18.5 18.0 17.2 17.8
Day 14 34.8 36.4 36.2 34.7 35.7
Day 21 57.8 59.5 59.0 55.7 57.0
Table 48: Litter data for F2 pups
Group 1 2 3 4 5
Treatment (ppm) Control 100 500 1000 1500
Number of pregnant females 28 30 27 24 30
Mean litter size — birth 14.2 13.9 13.8 13.3 13.2
Mean number live born 14.1 13.7 137 13.2 13.1
Mean number of pups pre- 54 136 133 13.0 13.0
culling on day 4
Mean number of pups per g, 8.0 7.8 8.0 7.8
litter post day 4 culling
Mean number of pups per g, 8.0 7.8 8.0 7.8
litter on day 7
Mean number of pups per
litter on day14 7.9 8.0 7.8 8.0 7.8
Mean number of pups per 79 7.9 7.8 8.0 7.7
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litter on day 21

Sex ratio (% males) 49 53 56 49 51
Gestation index (% litters 100 100 100 100 100
with at least one live pup)

Mean percent born alive 99.5 98.9 99.7 99.0 99.3
Viability Day 0-4 (%) 98.3 99.3 96.2 98.5 99.4
Lactation index 99.6 99.2 100 99.5 99.6
Litter survival (% litters with

at least one pup alive at day 100 100 100 96.0 100
21)

Mean pup weight (g) —

Day O _ 6.3 6.4 6.5 6.4 6.6
Day 4 pre-culling 10.2 10.9 10.7 11.0 10.8
Day 4 post-culling 10.2 10.9 10.6 10.9 10.9
Day 7 16.8 17.7 17.6 17.7 17.5
Day 14 34.2 35.3 36.5 35.1 35.4
Day 21 56.0 58.1 58.4 57.3 56.7

Clinical signs were noted among the pups of theoFEF2 generation but at low incidence and
showing no dose-relationship. The clinical obseoret were not considered to be treatment-related
or toxicologically significant.

An increase in mean pup weight in F1 litters doaed00 ppm (low dose) on lactation day 7 was
not treatment-related since there were no othee dosrelations. There were no treatment-related
effects on pup weight at any dose levels for th@HE2 offspring.

There were no treatment-related effects on prepsejaaration for F1 males at any dose level. For
the F1 females the mean age at vaginal openingneesased for the high dose group (1500 ppm)
in comparison with concurrent controls — 33.6 ver82.1 days. However, the historical control

data for this parameter indicates a mean vaginahiog time of 32.3 days and a minimum and

maximum range of 31.3 to 33.9 days. Hence thereiffee was small (1.5 days) and well within the
range of historical control data. The apparentsldglay in vaginal opening was not considered an
effect of treatment with copper sulphate pentahygdra

Pathology findings:

There were no significant differences between tigh ose (1500 ppm) and control groups in
respect of total numbers for primordial and praarfollicles.

There were no test-substance related deaths dilmngourse of the study. Of the 120 P1 and 120
F1 males, only one was sacrificedextremiswith a fractured nose (killed on day 14). From the
same number of P1 and F1 females, only three rats during the study. One was sacrifiged
extremison day 119 due to dystocia; one was found deadaynl7 — the cause of death being
pyelonephritis and one was sacrifice@dextremison day 119 but the cause of morbidity was not
established.

For the adult P1 rats there was a small decreasean absolute and relative spleen weight (circa
9% reduction compare with controls) in the high edagoup (1500 ppm). The effect was

statistically significant for females. While theneere no significant differences among the males,
the trend for a slight reduction in spleen weightigher doses was evident. None of the other
organs weighed for P1 animals showed any effetteatment. Results are summarised in table 49.
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For the F1 weanlings of the high dose group (150)p small decreases in absolute (9%) and
relative (10-11 %) spleen weight were apparentamgarison with controls. None of the other
organs weighed for F1 weanlings showed any effetteatment. Results are summarised in table
below.

There were no changes in organ weight among thadglts that were considered attributable to
treatment

For the F2 weanlings of the high dose group (158 )p small decreases in absolute (10% males,
15% females) and relative (10% males, 15% femalpen weight were apparent in comparison
with controls. The high dose group effects weraisicantly lower than the controls. None of the
other organs weighed for F2 weanlings showed afeciedf treatment. Results are summarised in
table below.

Table 49: Summary of spleen weights for males #erdales in P1, and for F1 and F2
weanlings
Males Females
Dose 0 100 500 1000 1500 0 100 50( 1000 1500
concentration
(ppm)
P1 adults

Final body weight| 595.4) 600.1 603.p 599/5 586.8 .828 332.2| 335.8/ 333.3 331.9
Ab_solutespleen 0.866 | 0.887| 0.892] 0.881 0.841# 0.643 0.629 0.6396050| 0.586#
weight [g]
Relative spleen
weight [g/100g 0.146 | 0.148| 0.148 0.147 0.143 0.195 0.190 0.190 820.10.177*
bw]
F1 adults
Final body weight| 593.5| 619.2 600.0 598/5 584.7 .326 328.2| 335.0/ 3329 329.
Ab_solutespleen 0.897 | 0.887| 0.867] 0.90( 0.841 0.624 0.641 0.632 4206 0.612
weight [g]
Relative spleen
weight [g/100g 0.151 | 0.143| 0.145 0.15( 0.145 0.192 0.1p5 0.189 930.1 0.186
bw]

F1 weanlings
Final body weight| 58.3 60.1 60.9 56.6 58. 54|/5 856. 56.2 53.5 55.3
Ab_solutespleen 0.256 | 0.290| 0.280] 0.238 0.232# 0.245 0.283* 0.265.23® | 0.223#
weight [g]
Relative spleen
weight [g/100g 0.439 | 0.477| 0.460 0.417 0.394 0.449 0.498* 0.470 429.| 0.401
bw]

F2 weanlings
Final body weight| 56.9 59.3 59.2 59.8 57.8 546 856. 56.8 55.3 54.7
Ab_solutespleen 0.253 | 0.269| 0.254] 0.252 0.227# 0.254 0.265 0.2522430( 0.217*
weight [g]
Relative spleen
weight [g/100g 0.440 | 0.451| 0.430f 0.421 0.397* 0.462 0.465 0.444 44®.| 0.396*
bw]
# considered to be a treatment-related effect édesad weight).
* Statistically significantly different from cortts p < 0.05

LA

<

The small decrease in spleen weight for F1 and &&ings was considered an effect of treatment
although weanling spleen weights are highly vadale.g statistically significant increase in
absolute weight (+16 %) for the low dose F1 femal&ke effect could be considered adverse, in
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the absence of any confirmatory microscopic exatiina. However, the effect may reflect a

transient physiological change such as a margiradredise in sinusoidal dilatation. The

pathologist’s review of data indicated the rangastiie high dose spleen weights were similar to
control ranges. Of 111 weanlings in the high daseig, only 4 had spleen weights that were lower
than the control range. There were no treatmeataeleffects on thymus weight to indicate a test
substance related effect on the lymphoid systentraBedullary haematopoiesis in the livers of

control and high dose weanlings was normal sugggstie haematopoietic system was unaffected
by treatment.

The other ogan weights showed no changes that wamrsidered attributable to treatment with

copper sulphate pentahydrate.

There were no treatment-related changes apparengdwecropsy of the P1 adult rats, F1 adults or
F1 and F2 weanlings or F1 and F2 pups.

All macroscopic observations in the adult rats, &#1F1, were within the range of normal
background lesions. Among the F1 and F2 weanlihgsricidence of gross lesions was low and
observations were randomly distributed across obatnd treated groups. For the F1 and F2 pups,
the observations of non-expanded lungs or no nutk ¢ stomach were considered non-specific
lesions that are commonly observed among stilllpanps and were therefore not considered to be
an effect of treatment with copper sulphate perdediy.

All microscopic findings seen in the P1 adults,dellilts or F1 and F2 weanlings were considered to
be incidental and common background lesions foistren of rat used in the study. There were no
treatment-related histopathological changes i liwein or reproductive organs.

Eighteen P1 and nine F1 pairs failed to produter$it The cause of reproductive failure in 22 of
these pairs was not determined. One F1 female fistdaa and in three of the P1 females there
was an absence of recent corpora lutea in thees/adione of the breeding failures were considered
attributable to test substance administration.

Tissue metal concentrations:

Specifically assessments of copper, iron, mangaaedezinc concentrations were investigated in
liver and brain and plasma for each subset of adsirResults were as follows.

For the P1 males there were no test-substancedetatinges in copper, iron, manganese and zinc
concentrations at any dose level. Plasma samples we¢ obtained for these animals. There was a
decreased in liver iron concentration in the higsalgroup but this was not considered a treatment
effect due to high inter-individual variability ardlack of consistency with the female response and
an absence of any dose relationship.

The P1 females dosed at 1500 ppm had a treatmateddncrease in liver copper concentration
and a decrease in liver iron concentration. Coppelr iron levels in the brain were unaffected and
there were no changes in manganese or zinc coatiens in liver, brain or plasma.

For the F1 adult males, liver copper concentrati@as increased in groups dosed at 1000 or 1500
ppm. Compared with the magnitude of similar charsge in the P1 generation, the effects in F1
males were small but in comparison with contratens individuals showed a 2-3 fold increase and
the effect was considered attributable to treatm@opper concentrations in brain or plasma were
unaffected by treatment at any dose level. Thereewmw treatment-related changes in iron,

manganese or zinc concentrations in liver, braiplasma at any dose level.
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For the F1 adult females, liver and brain copperceatrations were increased at 1500 ppm. Copper
concentration in plasma was not affected at ang tlgel. There were no treatment-related changes
in iron, manganese or zinc concentrations in libeajn or plasma at any dose level.

For the F1 and F2 weanlings, there was a treatnedaiied increase in liver copper concentration

for males and females dosed at 1000 and 1500 p@acim generation. Brain copper concentrations
were slightly increased for the males (but not fiesladosed at 1500 ppm in each generation. No
plasma data were available for the F1 weanlings thede were no changes in plasma copper
concentration for the F2 weanlings. A treatmendtexl decrease in plasma iron concentration was
evident for the male and female F2 weanlings deselb00 ppm. Changes in manganese and zinc
concentrations in liver, brain or plasma were alhgsidered to be spurious since they showed no
dose relationship, had high inter-individual vailiépor the changes were small in magnitude.

In summary, (tables 50, 51, 52 and 53), the comagoih of copper in the liver of F1 males and F1
and F2 male and female weanlings dosed at 100A%0@ ppm was increased. The concentration
of copper in the liver of P1 and F1 females dosed50 ppm was also increased. Copper
concentrations in the brain were increased fordmales and F1 and F2 male weanlings dosed at
1500 ppm. The concentration of iron in the liverRif females dosed at 1500 ppm was decreased
and plasma iron concentration was decreased in &2 and female weanlings in the 1500 ppm
dose group.

Table 50: Summary of tissue concentrations of eggpon, manganese and zinc in brain, liver
or plasma for males and females P1

Males — P1 Females — P1

Dose 0 100 500 1000 1500 0 100 50( 10Q0 1500
concentration
(ppm)
Copper (ppm)
Liver 6.44 4.47 5.20 5.60 5.98 4.76 5.3D 5.46 5.678.73*
Plasma -- -- -- -- -- 1.43 1.36 1.35 1.48 1.38
Brain 3.27 3.46 431 4.98 3.26 3.17 3.4 3.58 2.63 .383
Iron (ppm)
Liver 158 143 155 143 128* 150 151 138 150 107+
Plasma -- - - - - 2.96 2.90 3.24 3.1¢ 3.32
Brain 22.4 24.4 26.2 22.8 24.9 20.4 21,0 20,8 19.918.9
Manganese
(ppm)
Liver 2.45 2.26 2.62 2.75 2.34 3.4¢ 3.4p 3.20 3.523.56
Plasma - - -- - - -- - - - -
Brain 0.451 0.525| 0534 0459 0573 0419 0438 1D.4 0.433| 0.422
Zinc (ppm)
Liver 33.1 31.6 33.8 32.4 28.7 28.8 28.b 294 30.529.2
Plasma -- - - - - 1.94 1.90 1.93 1.86 1.72
Brain 17.5 16.6 16.8 16.3 16.6 14.y 141 14(7 15.413.4
* Statistically significantly different from cortts p < 0.05

Table 51: Summary of tissue concentrations of eggpon, manganese and zinc in brain, liver

or plasma for males and females F1 adults

| | Males — F1 adults Females — F1 adults
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Dose
concentration 0 100 500 1000| 1500 0 100 50( 1000 1500
(ppm)
Copper (ppm)
Liver 4.56 4.87 6.16] 7.364Y 7.53{ 570 5.14 536 %.3 15.3*
Plasma 1.24 1.38 1.28 151 144 149 1.52 1.34 01/5 1.37
Brain 2.59 2.64 2.83| 3.117 2.80 2.89 2.98 3.00 3.233.49*
Iron (ppm)
Liver 121 133 124 143 110 149 149 163 116 133
Plasma 2.41 2.27 2.72) 2.34 2.88 3.46 4.00 401 31564.12
Brain 18.5 18.4 16.5 17.2 17.5 18.5 18.4 2112 20.619.9
Manganese
(Ppm)
Liver 1.93 2.00 2.20 2.14 1.82 3.44 3.18 3.28 3.06 3.64
Plasma -- -- -- -- -- -- -- -- -- --
Brain 0.355| 0.350/ 0.343 0376 0.319 0.368 0.394 0®.4 0.412 | 0.438
Zinc (ppm)
Liver 26.7 27.8 | 32.4*| 283 25.8 31.9 30.7 326 27,9 32.2
Plasma 0971/ 0.916 0.989 1.019 1.080 1.83 1/87 2.03.54* | 1.80
Brain 13.3 13.4 14.1 14.0 12.1 14.6 151 15,0 15.115.4
* Statistically significantly different from cortts p < 0.05
Table 52: Summary of tissue concentrations of eggpon, manganese and zinc in brain, liver
or plasma for males and females F1 weanlings
Males — F1 weanlings Females — F1 weanlings
Dose 0 100 500 1000| 1500 0 100 50( 1000 1500
concentration
(Ppm)
Copper (ppm)
Liver 14.7 24.2 25.2 50.0% 82.7% 21.5 22.8 23.p 153.| 86.8*
Plasma -- -- -- -- - -- -- -- - --
Brain 2.26 2.27 2.28 2.44 2.59F 2.43 2.3p 2.43 2.40 2.60
Iron (ppm)
Liver 33.9 33.0 32.0 37.4 36.1] 33.4 36.1 3813 39.537.4
Plasma -- -- -- - -- -- -- -- -- --
Brain 11.1 15..3 13.1 11.5 11.0 16.6 124 13.7 11.312.8
Manganese
(Ppm)
Liver 2.01 1.95 2.01 2.08 2.27, 2.04 2.18 1.96 2.182.23
Plasma -- -- -- - -- -- -- -- -- --
Brain 0.500| 0.503] 0.527 0561 0.565 0.562 0.505 2D.5 0.539| 0.629
Zinc (ppm)
Liver 31.4 315 35.2| 37.44 36.84 325 31.4 348 9. 37.3*
Plasma -- -- -- -- -- -- -- -- -- --
Brain 13.8 13.6 14.1 14.2 14.5 14.1 13.9 14,5 15.414.4
* Statistically significantly different from corgts p < 0.05
Table 53: Summary of tissue concentrations of eggpon, manganese and zinc in brain, liver
or plasma for males and females F2 weanlings
| | Males — F2 weanlings Females — F2 weanlings
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Dose 0 100 500 1000 1500 0 100 50( 1000 1500
concentration

(ppm)

Copper (ppm)

Liver 16.4 30.2 28.0 47.6%  64.3% 24.9 21.5 279 88. 53.5*
Plasma 0.526] 0.533 0.582 0543 0.5p4 0.881 0.p505870{ 0.573| 0.543
Brain 2.55 3.12 2.35 2.49 3.24¢ 2.59 2.68 2.52 2.412.78
Iron (ppm)

Liver 33.8 37.0 37.1 36.8 29.8 41.8 38.1L 39/1 42.235.2
Plasma 3.20 3.98 2.78 2.73 1.55 3.21 3.54 3/19 2/54.41*
Brain 11.1 11.4 11.8 11.0 10.0 11.6 11.1 12\5 11.410.7
Manganese

(ppm)

Liver 2.04 2.03 2.03 2.06 2.24 2.12 1.9p 2.21 2.032.30
Plasma - - -- - - -- - - - -
Brain 0.490| 0.535| 0.465 0.510 0.570* 0.479 0.555 524.| 0.521| 0.570%
Zinc (ppm)

Liver 30.9 30.3 33.3 29.8 31.2 34.2 27.3* 316 33,2 31.7
Plasma 2.07 2.30 2.07, 2.42 2.04 2.38 2.19 215 11952.18
Brain 14.7 15.2 14.8 14.7 16.5¢ 15.4 15.1 151 15.0 14.5

* Statistically significantly different from cortts p < 0.05

Overall summary of findings.

There were no effects considered to be relatedopper sulphate treatment on the following
parameters at any concentration (100 to 1500 ppm):

Mortality and clinical signs of toxicity in P1 afid males and females

Body weights, weight gain, food consumption, fodficeency in P1 and F1 males and
females

Sperm and estrous cycle parameters in P1 and Fésraat females

Mating, precoital interval, fertility, gestationngth, number of implantation sites, and
implantation efficiency in the P1 and F1 generation

Number of pups born, born alive, alive on day 414,or 21, sex ratio, and survival indices
during the lactation period in F1 and F2 litters

Body weights and clinical observations in F1 andi&@rs during lactation

Age at preputial separation in F1 males and vagipahing in F1 females

Ovarian follicle counts in F1 females

Weight of testes, epididymides, right cauda epidigy seminal vesicles, prostate, ovaries,
uterus, thyroid gland, brain, liver, adrenal glankldneys and pituitary in P1 and F1 males
and females; Weight of liver, brain and thymus th &d F2 weanlings; Weight of the
spleen in P1 males and F1 males and females

Gross observations in P1 and F1 adults and F1 angeBnlings

Microscopic observations in the liver, brain angrogluctive organs in P1 and F1 adults
Microscopic observations in the liver and brairFihand F2 weanlings.

Potentially adverse effects considered to be reladeopper sulphate treatment were limited to the
1500 ppm groups and were comprised of:

Decreased spleen weight in P1 adult females, arah8F2 male and female weanlings.

Under the conditions of this study there were matment-related effects in either generation (P1
and F1 adults or F1 and F2 offspring) on reproductiarameters or indications of systemic toxicity
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at any of the dose concentrations used (dosesQofalD500 ppm). There were no adverse effects of
treatment at up to 1500 ppm on fertility, geneegiroductive performance or offspring viability and
growth at any dose level (dietary levels 0, 100),50000 and 1500 ppm Cu@ODietary intake
varied with stage of maturation and effects obsgmtethe high dose may reflect changes in food
intake and test substance consumption for therdittepopulations within the study. Actual dosed
values were 1.53-2.65, 7.7-13.3, 15.2-26.7 and-23.8 mg/kg body weight/day, for the 100, 500,
1000 and 1500 ppm groups, respectively. Howeveresymung rats consume more diet the mg/kg
bw/day exposure is greater at weaning and at thmiie@g of each maturation phase. Pregnant and
lactating females also consume more diet and dnjedLio a greater mg/kg bw/day exposure.

The concentration of copper was increased in thex bf F1 males and F1 and F2 male and female
weanlings at 1000 and 1500 ppm and in Pl and Flalemmat 1500 ppm. Brain copper
concentration was increased in F1 females and FElF#h male weanlings at 1500 ppm. The
concentration of liver iron was decreased in Plalesiat 1500 ppm. The concentration of plasma
iron was decreased in F2 male and female weanahd$00 ppm. There were decreased spleen
weight in P1 adult females, and F1 and F2 malefamdle weanlings.

The majority of effects are reported in weanlingsl @ dams at the end of lactation - the food
intake and compound consumption data show that bbtinese “populations” were consuming
significantly higher amounts of diet than towarkde €nd of the pre-mating maturation periods (the
food intake of the weanlings is virtually the saatein the first week of the F1 maturation period,
when compound consumption of F1 males is 58 mg @Zddy, for example, and during lactation
when the adult females are eating lots to feed tfming), but that the spleen effects are not seen
males at termination, when compound consumptiomugh lower (22.9 mg Cu/kg/day in F1
males). From this it may be concluded that theespleffects may be transient even at high doses,
and that when the dietary intake i.e. dose leveédiced, the spleen effect diminishes. However,
while the iron effects and the brain copper effetd500 ppm are also probably temporary and
related to high dietary intakes (in that the makeamlings showed the finding, but when those
weanlings grew older they did not), there is insight evidence to support 1500 ppm as a
NOAEL.

From these results, the no-observed-effect lev@EN) for reproductive toxicity was 1500 ppm,
the highest concentration tested. The systemic N®EIP1 and F1 rats and F1 and F2 offspring
during lactation was 1000 ppm, based on reducezkspheight in P1 adult females, and F1 and F2
male and female weanlings at 1500 ppm. The dietangentration of 1000 ppm was equivalent to
mean daily intakes of copper of 15.2 - 23.5 mg/edybweight/day for male rats during pre-mating
and 17.0 - 26.7 mg/kg body weight/day for femats curing pre-mating and gestation.

Reference: De lalglesia F. W. (1973)
Guideline:  No. Cross-mating fertility study
GLP: No

Three groups of 20 female Wistar rats were giveppeo gluconate orally by gavage at 0, 3 or
30 mg/kg/day for two weeks prior to mating througheither day 20 of pregnancy or day 21 post
partum. Females were paired (1m:2f) with untreatedes. In a parallel study, two groups of 10
males received copper gluconate at 3 mg/kg/days@odays prior to pairing (1m:2f) with either
untreated females or females that had receivederappconate at 3 mg/kg/day for 60 days prior to
mating. A further group of 10 males and 20 femalese maintained untreated for 60 days and
allowed to mate. Parameters investigated includedmancy rate (percentage of pregnancies), day
20 litter parameters including implantations, resions, live foetuses, gross foetal anomalieerlitt
parameters included duration of gestation, litiee,snumber of live young, gross anomalies, litter
and mean pup weights through to weaning.
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There were no significant differences between é@@nd control groups in any of the parameters
studied.

Copper gluconate did not affect the fertility ottheir the male or female rat, following oral
administration. This is discussed further at the efthis section.

Reference: Lecyk, M. (1980)
Guideline:  No

GLP: No

Deviations Yes (from OECD 414)

* Housing and feeding conditions of test animals,

* information on the age and weight of test animals,

* no detail given on the size of the groups,

* in several dose groups, the number of pregnantasimas smaller than recommended by
the guideline (16 animals).

* in the absence of information on the weight of #sinals and the weight of treated diet
consumed, it was not possible to accurately deternthe dose received on a mg/kg
bodyweight basis,

* no information on maternal toxicity was presentethie report,

* no post-mortem information was presented in thentdpr dams,

* no information was presented on: the weight of igraxeri; the number of corpora lutea;
degrees of resorption of dead foetuses,

* the sex ratio of live foetuses was not reported,

* no justification is provided for use of mouse wlasr¢he preferred rodent species is rat for
this study,

* males were fed the appropriate test diet prior &aimy and no information on male toxicity
was then reported,

» the study did not measure maternal bw gains ormmatéver histology or copper content.

Copper sulphate was administered to groups of aradefemale mice, strains C57BL and DBA, by

admixing the aqueous solution with the diet at desels of 0, 500, 1,000, 1,500, 2,000, 3,000 and
4,000 ppm corresponding approximately to 0, 71, P42, 285, 427 and 570 mg/kg bw/day . The
feed was granulated and dried before administeonthe animals. The males and females were
paired after one month of treatment and the daynafing (appearance of a vaginal plug) was
designated Day O of gestation. On Day 19 of gestatie females were killed and foetuses (living

and dead) were counted and weighed. One half ofaékises in each group was examined for
visceral abnormalities (Wilson technique) and tkigep half was cleared and stained with alizarin
for skeletal examination.

Although the paper does not give details of groze and pregnancy rate, from the numbers of
pregnant females (particularly at 4000, 3000 ppmrégnancy rate was not adversely affected by
dietary administration of copper at up to 4000 gpnone month prior to mating (table below).

In both strains of mice, there was no effect onghwryonic growth at the lower doses, 2,000 ppm
and below. The authors claimed a slight stimulatimiicated by lower % foetal mortality and

slightly higher weights of the foetuses than thetaws at doses up to 2000 ppm. A treatment-
related effect was noted at higher levels, at 3808 4,000 ppm, where decreased foetal weights
and a higher mortality were recorded (table 543htiuld be noted that mean litter size was smaller
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than normal for the mouse in all groups. Variougetlgoment malformations were observed in both
these groups in both strains, although there wasonsistent pattern of type. Abnormalities classed
by the authors as malformations at 3000 ppm (3ufet in total) were last lumbar vertebra
included in sacrum (one foetus) and unilateral dusie (two foetuses); at 4000 ppm, hernia of the
thoracic wall, hydrocephalus and fusion of thoradlzss and vertebrae, (each one foetus, two
foetuses with encephalocoel and two foetuses Maist (umbar) hemivertebra as part of sacrum.
However, as no information was presented in thidystegarded maternal toxicity, the possibility

that the effects on embryonic development wererssgny to maternal toxicity cannot be excluded.

Table 54: Mouse embryonic development
Dose level (ppm)
o | 500 | 1000| 1500] =2000] 3000 4000
C57BL mice
Number of pregnant females 21 10 18 7 10 2P 18
Number of live foetuses 65 46 81 31 42 55 35
(%) (83.1) | (89.2) | (86.5) | (87.1) | (78.6) | (72.8) | (71.5)
Number of dead foetuses 11 5 11 4 9 15 10
(%) (16.9) | (10.8) | (13.5) | (12.9) | (21.4) | (27.2) | (28.5)
Mean litter size 3.09 4.60 4.50 4.472 4.20 2.50 1.94
Mean foetal weight (Q) 1.10 1.35 1.22 114 1.25 01.0 0.99
Abnormal foetuses i ) i i i 1 3
(%) (1.8) (8.5)
DBA mice
Number of pregnant females 17 10 10 14 10 1B 20
Number of live foetuses 76 54 51 58 41 56 45
(%) (84.3) | (90.8) | (88.3) | (82.8) | (83.0) | (75.0) | (70.4)
Number of dead foetuses 12 5 6 10 7 14 16
(%) (15.7) 9.2 117 | (a7.2) | (17.0) | (25.0) | (29.6)
Mean litter size 4.47 5.40 5.10 4.14 4.10 3.11 2.70
Mean foetal weight (g) 0.96 1.24 1.19 1.1y 1.13 111 1.09
Abnormal foetuses i ) i i i 2 4
(%) (3.7) (7.4)

Dietary administration of 3,000 and 4,000 ppm copge sulphate (approximately equivalent to
dose levels of 430 and 570 mg/kg bw/day, usinguiBeFDA conversion factor of 7 for mice) for
one month prior to pairing did not adversely affetating performance or pregnancy rate but
caused an increase in foetal mortality, decreasésetal weights and slight increase in incidentce o
malformations.. It should be noted that the stuatly bt measure maternal bodyweight gains, or
maternal liver histology or copper content. The NOfor fertility effects was greater than
4,000 ppm (approximately 570 mg/kg bw/day) and N@EL for foetal effects was 2,000 ppm
(approximately 285 mg/kg bw/day).
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4.10.1.2Human information

Reference: Ralph, A. and McArdle, H. (2001)

Guideline:  No

GCP: No

The publication is a review of data on copper matiaim and toxicity during pregnancy and
lactation, with emphasis on the human.

The review considers the following aspects:

Fertilisation: Copper metal is known to interruptplantation and development of the blastocyst
when present in the uterus as an intra-uterineraogptive device (IUD), but once implantation has
taken place, IUDs do not show adverse effects anteraance of pregnancy.

Maternal serum copper levels and ceruloplasminldenge steadily throughout pregnancy, and fall
significantly at parturition. The concentration time mother is higher than in the foetus, which
establishes a concentration gradient from the mdththe foetus. The rise in plasma concentration
may be due to either enhanced uptake from foodeoredsed biliary excretion. It is induced by
oestrogen. Various studies have shown that cogugrinements of pregnant humans are up to one
third greater than non-pregnant human females. &@oppd ceruloplasmin are present in amniotic
fluid, but uptake from amniotic fluid by the foetisssmall. The placenta has been shown to take
copper from the maternal blood as both ceruloplasanid by lower-weight complexes (albumin,
histidine), but that delivery by ceruloplasmin i®ma efficient. Ceruloplasmin is not itself passed
across the placenta, but ceruloplasmin and histidiay deliver copper to the placental cells via
specific cell surface receptors. The placenta hesgalatory role on the transfer of copper from
mother to baby, as infant serum concentration®pper do not correlate with those of the mother.
This has been demonstrated in both human and @neéf with Wilson’s disease can give birth to
healthy babies if the condition is well managech¢zsulphate therapy). Pregnant women with
untreated Wilson’s disease tend to have spontanglomsions. In the Brewer study (2000), of 26
pregnancies in 19 womevho were on zinc therapy throughout their pregna@dynew-borns were
normal, one had a heart defect (corrected by syrgend another showed anencephaly.
Anencephaly has also been associated with verymaternal copper serum levels, and there have
been two reported cases of anencephaly where amiaused (Graham et al. 1980).

Foetal development: copper accumulates in the ptat&yers and is transferred to the foetus by
an active process driven by foetal needs; it isught to be incorporated in the foetal liver into
foetally synthesised ceruloplasmin. Copper is prese the foetal circulation in ceruloplasmin,
albumin, a-fetoprotein, transcuprein and low molecular weidigands. The human foetus
accumulates copper at a rate ofusdkg/day during the latter half of pregnancy, a@ddbof it is
stored as metallothionein in the liver. The rati@apper in the liver of newborn infants to adu#ts
15:4. There are no reports of adverse effects atieaoxicity of copper in human pregnancy. Foetal
copper accumulation occurs in the third trimesdé@d premature and low-weight babies are at risk
of copper deficiency. Studies indicate that theacéty of pre-term infants to utilise copper froneth
diet is limited; most of the ingested copper isspré in the stool, indicating either ineffective
absorption or limited ability to retain and stoopper.

Parturition. Serum maternal plasma level returnsaional in the human within two to five weeks.
The timing of the return to normal may be influeth@y the duration of breast-feeding.

Lactation. Ceruloplasmin occurs in the milk of huteand other mammals, concentrations being
higher in the early stages of lactation. ApproxiehaR0-25% of copper in human milk is present as
ceruloplasmin. Breast-feeding supplies up tqugkg/day, and is approximately 24% bioavailable.

Maternal copper blood levels are under hormonatrobfe.g. oestrogen, see above), but alterations
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in maternal copper intake through dietary supplaatem, or elevated blood levels through other
factors, such as severe infections, and even Wdstisease, do not alter copper content of breast
milk. It is likely that there are homeostatic meagisans that regulate mammary gland uptake of
copper and its secretion in milk, but these have meen explained. In human breast milk,
approximately 75% of the copper is in the whey,rzbto soluble albumin or low molecular weight
ligands. Another 15-20% is in lipids, bound to theer fat globule membrane, and about 5% is in
insoluble form, possibly bound to casein. Differesiadn composition of other milks (cow, soy)
affect the bioavailability to the human baby. Algamn and retention rates from formula milks are
very low, although toxicity has been observed whef@nts have been given substantial amounts of
cow’s milk boiled in untinned copper vessels. Awegs of the disease in India [Indian Childhood
Cirrhosis] and Austria [Idiopathic Copper Toxicqdiss resulted in use of other containers, and the
incidence has fallen. Human milk, unsurprisinglgntains the most bioavailable copper for the
human baby. Healthy infants fed exclusively on cowilk for 6 months became copper deficient,
but the condition reversed on weaning to solid food

Growth and development. Neonatal humans have ligbemntrations of copper in the liver and low
concentrations of serum copper and ceruloplasmeabdrn humans also show high concentrations
of metallothionein that decrease after birth. Coppehe new-born’s liver appears to provide much
of the copper requirements of the infant while st breast-fed, until weaning at 4-6 months.
However, milk must provide a significant contrilmrtj as mice showing ‘toxic milk mutation’ die if
they are kept on mother’'s milk, because the mathenot secrete the normal amounts of copper
into the milk, and the pups die of copper deficierferemature birth restricts the hepatic storage of
copper (as the mother’'s supply via the placentacidonger available), and milk formulae for
premature infants contains additional copper to memsate for this. Low copper levels at this time
may have neurological implications during the catiperiod of brain growth. Excess copper in
drinking water at concentrations of approximateip@L showed chronic toxicity in adults but not
in children under 6 years of age. As the infantwgrolevels of ceruloplasmin increase. Studies in
rats show that copper absorption is high duringrtéenatal period, but decreases by weaning, as
more is retained in the intestinal mucosa. Withreasing postnatal age, more is transported to the
liver and less is bound to the intestine. Therevglence in rats that during lactation, intestinal
copper absorption occurs by diffusion and solveaggdand only after weaning does a saturable
(adult, see Section B.6.1) copper transport systecome evident. Children require higher levels of
copper in the diet than adults, especially duriegqals of rapid growth. Girls aged 6-10 were fed
on diets of copper ranging from 1.1 to 3.8 mg/dstyintakes under 2 mg/day, copper balance was
negative. A positive copper balance was achieved wagetarian diet with a copper intake of over
2.8 mg/day. It was suggested that an intake ofrigRlay was sufficient for equilibrium, but that
2.5 mg/day was necessary for growth. Serum of nbehédren reaches a peak of 1.57 mg/L
between 6 and 11 years and falls to 1.1 mg/L irtadhetween 22 and 75 years.

Intake: the review found no evidence of copperdibxifrom customary dietary intake, unless the

food had been accidentally contaminated with comheing preparation e.g. acid fruit such as

apples, were stewed in a copper vessel, or theserggeated ingestion of milk heated in copper
vessels. A study of three cities in the US stat®lassachusetts showed no incidence of ill-health in
adults or children under 6 years of age, despiteishy water concentrations of over 8 mg/L. Most

dietary intakes are below the 10-12 mg/adult/daygenternational organisations.

There is no evidence for adverse effects of orpbsire through customary diets worldwide (which

includes countries where copper is used in agtice)tfor any adverse effects of copper on

pregnancy, parturition, lactation or growth and elepment in the human. There is evidence of
toxicity particularly to neonates repeatedly exgbgemilk heated in copper vessels, or exposure to
acid fruit stewed in copper vessels.
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4.10.2 Developmental toxicity

4.10.2.1Non-human information

Reference: Munley S. M. (2003a)

Guideline:  No. Range-finding study designed to assess reldiderance of five technical
copper substances in the rabbit.

GLP: Yes

Five technical materials, copper hydroxide (batamhber 380-71-05, copper content 60.1% w/w),
copper oxychloride (batch number 27003B, coppeitesin57% w/w), Bordeaux Mixture (batch
number 1/170), copper content 26.38% w/w), tribagipper sulphate (batch number 471/2002,
copper content 31.12% wi/w), and copper (I) oxidat¢h number 280802, copper content 87%
w/w) were given orally by gavage as suspension.i¥0aqueous methyl cellulose in deionised
water to non-pregnant female Hra:(NZW)SPF rabbitsee animals were approximately 6 to 6.5
months old and weighed from 3382 g to 4116 g ondtheafter arrival. Animals were quarantined
for at least 5 days before dosing. Rabbits wersédindividually, and were given 150 g laboratory
rabbit diet each day, and tap waget libitum Food consumption and bodyweight were recorded
daily, clinical observations were recorded dailyl goost dosing. Dose formulations were prepared
daily at a dose volume of 1 mL/kg bw, based on tfsat's bodyweight. Any animals found dead
were necropsied. At termination, all animals wekeig a gross external and visceral examination.
Lesions were retained in an appropriate fixativethle first part of the study, groups of two rabbit
were dosed with each technical material for up4alays. Concentrations were calculated to give
30 mg as copper /kg bw/day. In view of the modetakecity seen at 30 mg Cu/kg bw/day, doses of
50 mg Cu/kg bw/day were given to a further grougafabbits per technical substance, to assess
tolerance to a higher dose. Mortalities occurrddrahe first dose and surviving rabbits were given
40 mg Cu/kg bw/day for the remaining six days ahaustration.

Animals at 30 mg Cu/kg bw/day showed bodyweighs Idsiring the first half of the treatment
period, followed by recovery during the second weékreatment (Figure 6.7.3.1.1.). There were
no marked differences between the five technicdbswnces. Food consumption reflected
bodyweight changes; during the first week of dosamgmals showed marked reductions in food
consumption, and in the second week the animalergiy resumed eating.

Figure 1: Bodyweight change with five forms of pep at 30 mg/kg/day
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I: copper hydroxide; II: copper (I) oxide; Ill: cppr oxychloride; IV: tribasic copper sulphate; V:
Bordeaux mixture

There were no deaths among animals treated witperopydroxide, Bordeaux mixture, tribasic
copper sulphate or copper oxide. One animal dosédoepper oxychloride was found dead on day
2. There were no indications of any adverse effettseatment, or of dosing error, and this animal
was replaced by a similar animal from the samehbacsecond animal dosed with oxychloride
died on day 11. The animal showed no remarkableopsey findings other than fur staining. During
the study, it was discovered that the two animadsed with tribasic copper sulphate were
underdosed by approximately 40%, because of a lasilmu error. These animals were also
replaced by two similar animals, and the food/boeight data from the underdosed animals was
not used in the comparison of the five substantésee animals were inadvertently sacrificed
prematurely in the second week of treatment. Nesyropevealed various stomach findings,
including ulceration, red or dark discolourationgdehaemorrhagic areas in one animal dosed with
copper hydroxide, both animals dosed with coppédegxand three of the four animals dosed with
tribasic copper sulphate.

At 50 mg Cu/kg bw/day, one of the two animals dadter the first dose in each group except
tribasic copper sulphate. The Study Director imratdy reduced the dose concentration to
40 mg Cu/kg bw/day (i.e. from day 2) and there werdurther deaths. All decedents showed either
stomach ulceration or dark discolouration and tngkg of the non-glandular portion of the
stomach. Survivors at 40 mg Cu/kg bw/day showedmdoss (Figure 6.7.3.1.2) and reduced food
consumption. At termination, all survivors showéohsach ulcerations.

Figure 2: Bodyweight change with five forms of pep at 50/40 mg/kg/day
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The general pattern and degree of inappetance aightvloss followed by recovery, and the
observation of stomach ulceration at necropsy wasidered sufficient to show that there were no
major differences in the sensitivity of the rabtoitthe five copper substances. Doses greater than
30 mg Cu/kg bw/day were considered unsustainabledpeat dosing studies. As there were no
major differences between the five substanceshdurtpreliminary investigations would be
performed on only one substance, copper hydroxide.

Reference: Munley S. M. (2003 b)

Guideline No. Range-finding study designed to assess effeiteatment equal in duration to a
teratology study in the non-pregnant rabbit.

GLP: Yes

Technical copper hydroxide (batch number 380-71e0pper content 60.1% w/w) was given orally
by gavage as suspension in 0.5% aqueous methylasalin deionised water to groups of five non-
pregnant female Hra:(NZW)SPF rabbits for 23 congeewlays. Dose levels were 0, 7.5, 15 or
30 mg Cu/kg bw/day. Analysis of dose formulationsfoemed stability, homogeneity and verified
the accuracy of formulation. The animals were apipnately 6 to 6.5 months old and weighed
from 2936 g to 3748 g on the first day of dosinguirAals were quarantined for at least 5 days
before dosing. Rabbits were housed individually] aere given 150 g laboratory rabbit diet each
day, and tap watead libitum Food consumption and bodyweight were recordedy,délinical
observations were recorded daily and post dosingeDormulations were prepared daily at a dose
volume of 1 mL/kg bw, based on that day’s bodyweigimy animals found dead were necropsied.
At termination on day 24, all animals were givegrass external and visceral examination. Lesions
were retained in an appropriate fixative.
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There were two deaths at 30 mg Cu/kg bw/day, on 2Zl@and 3 respectively. The latter animal
showed lethargy, weakness and abnormal gait or lityoprior to death. Both decedents showed
haemorrhages and/or discolouration of the stomaaingl There were no deaths at 15 mg
Cu/kg bw/day. Two animals at 7.5 mg Cu/kg/bw/dagddon days 2 or 5 due to intubation errors.
Necropsy findings included punctured lung tissue.

Bodyweights and food consumption at 30 and 15 mix@lw/day were lower than controls from
the start of treatment. There was a group meanveeidit loss during the first week of treatment,
with recovery to initial mean values by day 19 athbgroups (Figure 6.7.3.2.1). Food consumption
and bodyweight gains at 7.5 mg Cu/kg bw/day weteadwersely affected by treatment.

Figure 3: Bodyweight change of females
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Necropsy findings in animals surviving to termioati were limited to haemorrhages and/or
discolouration of the stomach lining in one animaB0 mg Cu/kg bw/day.

Treatment at 30 and 15 mg Cu/kg bw/day was assoCiaith initial inappetance and bodyweight

loss, followed by recovery. There were two death80amg Cu/kg bw/day. Necropsy findings in

decedents and one animal at 30 mg Cu/kg bw/dayded to haemorrhages and/or discolouration
of the stomach lining. There were no adverse effettreatment at 7.5 mg Cu/kg bw/day.

Reference: Munley S. M. (2003c)
Guideline:  No. Range-finding study in the pregnant rabbit.
GLP: Yes
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Technical copper hydroxide (batch number 02112&6hper content 61.14% w/w) was given
orally by gavage as suspension in 0.5% aqueousyhsghulose in deionised water to groups of
five time-mated female Hra:(NZW)SPF rabbits durttays 7 to 28 of pregnancy. Dose levels were
0, 7.5, 15 or 30 mg Cu/kg bw/day. Analysis of démenulations confirmed stability, homogeneity
and verified the accuracy of formulation. The arlsn@ere approximately 6 to 6.5 months old and
weighed from 2885 g to 4330 g on the day of matmigich was defined as day 0 of pregnancy.
Initial group size was five, but intubation erraesulted in deaths in treated groups; the dead
animals were replaced with similar time-mated doas the same supplier. Group sizes were thus
5, 8, 9 and 8. Animals were quarantined for attl®&sdays before dosing. Rabbits were housed
individually, and were given 150 g laboratory raldiet each day, and tap watat libitum Food
consumption and bodyweight were recorded daily foawy 4. Clinical observations were recorded
daily and post dosing. Dose formulations were preghalaily at a dose volume of 1 mL/kg bw,
based on that day’s bodyweight. Any dams dyingrgoglanned termination were necropsied and
pregnancy status was assessed. At termination y2%aall surviving animals were given a gross
external and visceral examination. Lesions weraimetl in an appropriate fixative. The gravid
uterus was weighed, and corpora lutea were couhli@ahbers of live and dead foetuses, early and
late resorptions were recorded. Live foetuses wethanased, weighed and examined externally.
Any dams dying prior to planned termination wereropsied and pregnancy status was assessed.

There were two deaths at 30 mg Cu/kg/ bw/day. Cara @vas sacrificedn extremison day 9.
Necropsy revealed stomach haemorrhages. Subsedgstagathology indicated a haemolytic event
that resulted in haemoglobin nephropathy and prdebadnal failure, consistent with acute copper
toxicity. The second female was found dead on day rizcropsy revealed a small liver and
moderate autolysis.

Five other animals (two each at 7.5 and 15 mg CGukgday, and one at 30 mg Cu/kg/ bw/day)

were either accidentally killed or were found deada result of intubation injuries. These deaths
were not considered treatment-related. These asimate replaced on study with similar time-

mated does from the same supplier.

Clinical observations were limited to low incidencé diarrhoea that was considered not to be
related to treatment.

There were clear bodyweight losses and reduceddondumption at 15 and 30 mg Cu/kg/ bw/day
(Figure 6.7.3.3.1). At 30 mg Cu/kg/ bw/day, ovetatidyweight gain during the treatment period
was reduced by 88% relative to the control grougmd=consumption was also markedly reduced,
being 44% lower than controls. At termination, mdadyweight was 9% lower than controls.

Similar but less pronounced effects were notedbang Cu/kg/ bw/day, where overall bodyweight

gain and food consumption were 11% and 22% lowaat ttontrols, respectively.

Bodyweight gain and food consumption at 7.5 mg GUldww/day were not adversely affected by
treatment.

Figure 4: Bodyweight change of dams
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Mean foetal weight at 30 mg Cu/kg/ bw/day was reduay 12% relative to the control group.
Incidence of total resorptions was slightly incexh$1.3 £0.5 versus 0.3 £0.5 in controls) and there
were four foetuses (2 from 2 litters) with onphalele. These foetuses tended to be very low
weight and immature (e.g. the two foetuses from dam weighed only 28.95 g and 20.86 g
respectively, compared to mean control foetal wiedgl41.28 g). Omphalocoele is protrusion of the
intestines at the umbilicus. During developmeng, ititestines are contained within the membranes
of the peritoneum and amnion. As the foetus matuttes body wall gradually encloses the
abdominal cavity and the membrane-bound intestfiestively withdraw into the body, until by
late gestation, the body wall has reached the uwenbkil Omphalocoele can occur in low-weight
foetuses as a consequence of foetal immaturitynskeey to marked maternal weight loss.

Litter parameters at 15 mg Cu/kg/ bw/day were simib controls, and there were no malformed
foetuses. There was one foetus at 7.5 mg Cu/kgldywvith anasarca, domed head and short tail.

Treatment at 30 mg Cu/kg/ bw/day was associateld daath and necropsy findings consistent with
acute copper toxicity, marked maternal bodyweiglssland reduced food consumption, reduced
mean foetal weight and foetal defects consistentth wimmaturity. Treatment at
15 mg Cu/kg bw/day was also associated with maltebmalyweight loss and reduced food
consumption, but litter parameters were not adWesected by maternal treatment. There were
no adverse effects of treatment at 7.5 mg Cu/kglay/

Reference: Munley S. M. (2003d)
Guideline: OECD 414

GLP: Yes

Deviations None

Technical copper hydroxide (batch number 02112&6hper content 61.14% w/w) was given
orally by gavage as suspension in 0.5% aqueousyhattulose in deionised water to groups of 22
time-mated female Hra:(NZW)SPF rabbits during days 28 of pregnancy. Dose levels were 0, 6,
9 or 18 mg Cu/kg bw/day. Analysis of dose formwas confirmed stability, homogeneity and
verified the accuracy of formulation. The animalsrevapproximately 5 months old and weighed
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from 2988 g to 4412 g on the day of mating, whicksvdefined as day O of pregnancy. Animals
were quarantined for at least 5 days before dodRaipbits were housed individually, and were
given 150 g laboratory rabbit diet each day, arul weaterad libitum Food consumption and
bodyweight were recorded daily from day 4, clinichiservations were recorded daily and post
dosing. Dose formulations were prepared daily abbse volume of 1 mL/kg bw, based on that
day’s bodyweight. Any dams dying prior to plannedrtination were necropsied and pregnancy
status was assessed. At termination on day 28umliving animals were given a gross external and
visceral examination. Lesions were retained in ppr@priate fixative. The gravid uterus was
weighed, and corpora lutea were counted. Numberbvefand dead foetuses, early and late
resorptions were recorded. Live foetuses were eated, weighed and examined for external and
visceral alterations. The eyelids of each foetusewemoved to allow examination of the eyes.
Foetal sex was recorded during visceral examinafidve skull was part-sectioned between the
parietal and frontal bones to allow inspection bé tbrain. After examination, foetuses were
eviscerated, fixed in alcohol and stained with Atim red S for skeletal examination.

There were three deaths and two females with abort{subsequently sacrificed) at
18 mg/kg bw/day. The dead animals were found o @ayt0 and 16, and the aborted animals were
killed on day 22 of pregnancy. One of the animalsnfl dead showed diarrhoea, red staining of
under-cage board, weakness and irregular respirgiitor to death. The other two animals
appeared normal prior to death, but all three sklowecropsy findings including stomach
haemorrhage and/or ulceration, dark discolouradiomottling o flung tissue, pale liver, gelatinous
tan rectal discharge and brown liquid in the clwasity. One of the animals showing abortion had
diarrhoea. Necropsy of the other aborted animalshored discoloured stomach lining. Abortion
in mid to late pregnancy is observed in rabbit$ gew marked inappetance and weight loss. One
other female at 18 mg/kg bw/day was killed follogrimtubation injury on day 15 of pregnancy.
Necropsy findings included stomach haemorrhageeaitence of intubation injury to lung tissue.

There were no substance-related deaths among andtoséd at 9 or 6 mg/kg bw/day. One female
at 6 mg/kg bw/day aborted on day 27of pregnancyis Was not considered to be related to
treatment, as there were no abortions at 9 mg/kddoxy and the abortion occurred later than those
at 18 mg/kg bw/day. Single instances of abortiotaia pregnancy are not uncommon in groups of
pregnant rabbits.In addition to clinical observasionoted previously for decedents, occasional
animals in all groups showed alopecia. This was awtsidered treatment-related. One control
animal, and 6, 2 and 7 animals at 6, 9 and 18 migWkday showed one or more daily records of
diarrhoea.

Group mean bodyweight data showed marked initiadjlmdosses at 18 and 9 mg/kg bw/day during
the initial part of the treatment period, followky part-recovery during middle and late pregnancy
(Figure 6.7.3.4.1.). At termination, mean weighingaf animals at 9 mg/kg bw/day was 31% lower
than controls, and mean weight gain of animals8ang)/kg bw/day was 72% lower than controls.
Group mean bodyweight gains at 6 mg/kg bw/day weaeginally lower than controls.

Figure 5: Bodyweight change of dams
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Group mean food consumption was consistent withywegyht data: animals at 9 and
18 mg/kg bw/day showed marked inappetance duriegiritiial part of the treatment period. At
18 mg/kg bw/day animals showed reduced food consompghroughout the remainder of the
study, but at 9 mg/kg bw/day, food consumption miyithe latter half of the study was only slightly
below controls. Total food consumption at 9 andrigikg bw/day was 17 and 30% lower than in
the control group. Food intake at 6 mg/kg bw/dag wearginally lower than controls.

Pregnancy rate was high. The number of litters labk for examination was lower at
18 mg/kg bw/day because of the deaths and anim#isalortion. One female at 6 mg/kg bw/day
showed total resorption, but as this was a singb&éence, and there were no similar findings at
higher dose levels, this is considered unrelateceiment (table below).

Table 55: Summary of adult performance
Number of females: Dose level (mg/kg bw/day)

0 6 9 18
Mated 22 22 22 21
Pregnant 21 21 21 21
Aborted (killed) 0 1 0 2
Found dead 0 0 0 3
Intubation error (killed) 0 0 0 1
Total resorptions 0 1 0 0
With live young 21 19 21 15

The number of foetuses, and numbers of early atel dmbryonic deaths were not adversely
affected by maternal treatment (table below). Mdaetal weight was slightly lower at
18 mg/kg bw/day (9% lower than controls). The dgfece from control was considered treatment-
related, but it was not statistically significant.

Table 56: Group mean litter data
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Group Mean Litter Dose level (mg/kg bw/day)
parameter 0 6 9 18

Corpora lutea 10.0 10.2 9.1 10.1
Number of implantations 8.8 9.0 7.8 9.0
Early embryonic death 0.8 0.7 0.2 0.4
Late embryonic death 0.1 0.3 0.0 0.2
Total embryonic death 1.0 1.0 0.2 0.6
Number of live young 7.9 8.0 7.6 8.4
Percent males in litter 48 58 50 48
Mean foetal weight (g) 42.95 41.71 43.93 38.91
Number with malformations 1 1 0 2

There was a total of four foetuses with malfornragioone control foetus showed fused ribs, one
foetus at 6 mg/kg bw/day showed ectopic kidney, &md foetuses (from separate litters) at
18 mg/kg bw/day showed hemivertebra (table beloWese malformations were considered
spontaneous and unrelated to treatment.

Table 57: Incidence of foetal variations
Variation Dose level (mg/kg bw/day)
0 6 9 18
Number examined 165 152 159 126
Developmental
External 0 0 0 0
Visceral 0 0 0 0
Head 0 0 0 0
Extra rib (%) 105 (64) 102 (67) 127 (80) 110 (87)
Fused sternebrae 1 2 0 0
Retardation
Kidney small papilla 2 6 6 2
Ossification mandible 0 0 0 1
Ossification pelvis 0 1 1 2
Ossification skull 0 0 1 5
Ossification sternebrae 65 60 76 51
Ossification vertebrae 1 0 0 0
Total (%) with retardation 68 (41) 67 (44) 80 (50) 57 (45)
Total (%) with variations 125 (76) 124 (82) 143)90 118 (94)

Percentage values calculated from group totalsfraot means of individual litter percentages

There was a slight increase in incidence of foetwdel8 mg/kg bw/day with retarded ossification
of skull and pelvic bones. However, there was nwetation with foetal weight, and the biological
significance of such a slight increase is uncestasthere was no increase in the incidence of
retarded sternebral ossification. Retarded steahaissification is a more common indicator of
foetal immaturity. Rib alterations occurred at ayiigh incidence across all groups in this study;
almost all litters were affected. The biologicajrsficance of an increase in incidence of a very
common finding is uncertain.

Administration of copper to pregnant rabbits at §#g bw/day was associated with marked initial
bodyweight loss, inappetance, abortion and deatips Bn litters from surviving dams showed
slightly lower mean foetal weight, and slightly ieased incidence of a common skeletal variant.
Maternal treatment at 9 mg/kg bw/day was assochwattdinitial bodyweight loss and inappetance;
pups also showed slightly increased incidence aommon skeletal variant, but mean foetal
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weights were not adversely affected. Maternal agstration of copper hydroxide was not

associated with increased incidence of foetal malétions, pre-implantation losses, or foetal
(embryonic) deaths. The maternal and foetal no rebdeeffect level was 6 mg/kg bw/day, based
on maternal weight loss, inappetance, and an iseteacidence of a common skeletal variant in
foetuses at 9 mg/kg bw/day.

Comments:

» Copper hydroxyde appears to be more toxic in ralithén in any other animal species.

* The study suffered of some events, including erobiatubation.

* The nutrition of the rabbit depends on bacterigkedtion of cellulose, where the vegetation
which forms the bulk of the diet is broken downl@cteria in the caecum to form sugars.
These are ejested as soft faeces, and immediadtdy,ea process known as refection or
copography. Copper is known to have bacteriostatatéricidal activity, and oral
administration of copper will affect the activity the caecal bacteria, compromising the
efficiency of the digestive process and effectivegucing the calorific intake of the rabbits,
resulting in nutritional impairment. Metabolism dies show that copper is excreted in the
bile, and copper from biliary excretion and any hswbed copper are excreted in faeces.
Copper is an element; it is stable. Copper presefdeces will be taken in orally during
coprophagy , so that the rabbit will have an exlinrae of a stable material such as copper
from its own faeces.

It is therefore impossible to quantify the actuallyl oral dose, because the total oral intake is

significantly more than the administered dose, #redstudy NOEL is too conservative. It can be

concluded that the rabbit NOEL is not appropriatesstablishing human risk assessment endpoints
for copper.

Reference: De lalglesia F. W. et al. (1972a)

Guideline:  No

GLP: No

Deviations Yes
* Partial summary,
» treatment duration too short (day5-15 of pregnancy)
» size of the groups not given.

Three groups of pregnant female Wistar rats werergcopper gluconate orally by gavage at 0, 0.1,
3 or 30 mg/kg/day from days 5 to 15 of pregnancgdyveight and food intake were recorded

weekly. Day of sacrifice not stated in FAO summaiyf presumed day 20. Litter parameters

(corpora lutea, implantation sites, implantatiosskes, resorptions, numbers of live foetuses, foetal
weight, crown-rump length) were recorded. Foetusese examined for visceral and skeletal

defects.

Maternal body weights and food intake were simitarall groups. Litter parameters were not
adversely affected by treatment The incidence afletkl and visceral abnormalities was not
affected by maternal treatment. The NOEL was 3kgiday.

Copper as gluconate was stated to be not embryotwxieratogenic when administered orally to
rats during the period of organogenesis.

Reference: De lalglesia F. W. et al. (1972 b)
Guideline:  No
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GLP: No
Deviations: Yes
* The treatment duration is too short, the methodplegffers of insufficiencies, and there
was no information in the summary on examinatiarvisceral and skeletal defects,
* size of the groups not given.

Three groups of pregnant female Swiss mice werengoopper gluconate orally by gavage at 0O,
0.1, 3 or 30 mg/kg/day from days 6 to 14 of pregyaBodyweight and food intake were recorded
weekly. Day of sacrifice not stated in FAO summaiyf presumed day 20. Litter parameters
(corpora lutea, implantation sites, implantatiosskes, resorptions, numbers of live foetuses, foetal
weight, crown-rump length) were recorded. There was information in the summary on
examination for visceral and skeletal defects.

Maternal body weights and food intake were simitarall groups. Litter parameters were not
adversely affected by treatment. The NOEL was 3(kgiday.

Copper as gluconate was stated to be not embryotwxieratogenic when administered orally to
mice during the period of organogenesis.

Reference  Barlow, S.M., Knight, A.F. and House, I. (1981).
Guideline:  No
GLP: No
Deviations: Yes
* |UDs were implanted on Day 9, and not prior to iarghtion
* Group sizes are smaller than recommended by tlkeljue
* The number of dose levels is fewer than recommended
* Levels of food consumption are not reported.
* Foetal sex is not reported.
These deficiencies do not, however, compromiseafdity of the data reported.

A study was carried out to investigate the potéritiaintrauterine copper IUDs to affect prenatal
development in the rat.

Female Wistar rats aged about 12 weeks and weig20g250 g were used in this study. For 2
weeks before mating and throughout the experimeey tvere held at 21-24°C under reversed
lighting conditions (12 h red light, 12 h white hig. Food and water were fedl libitum At the
beginning of the experimental period, female rasyevhoused in groups of 3 and a male was
introduced into each cage in the morning. Malesewemoved in the evening and vaginal smears
taken. The day on which spermatozoa were foundh&n dmear was designated Day 1 of
pregnancy. Rats were weighed daily from Days 1ltof2pregnancy.

On Day 9 of pregnancy, rats were assigned randdmlyeatment groups. Animals receiving
IUDs were anaesthetized and one uterine horn exlpttgeugh an incision in the flank. A coil
was inserted between each implantation site by mgalan incision in the uterus with an
intravenous cannula with cutting needle. The otti@m was left unoperated as a control. To
control for the physical presence of devices inutexus, some animals had similar-sized coils of
stainless-steel wire inserted into one horn, legtire other unoperated. To control for the stress
of the operation and other factors such as losgesfne fluid, other animals were sham-operated,
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with no 1UDs inserted. Animals in another group &éeft unoperated. Rats were returned to the
animal room until sacrifice on Day 21.

This study was reported in terms of three sepagperiments. The details of Experiments 1 and 2
are shown in the following table:

Table 58: Details of experiment 1 and 2
No. of . .
Experiment Group animals Uterine horn
9 A OPERATED (9)
1 (COPPER IUD) B unoperated (8)
1 10 A operated (10)
2 (SHAM-OPERATED
( ) B unoperated (9)
3 (No operation) 10 Unoperated (20)
A operated (13)
4 (Copper IUD) 13
B unoperated (13)
2 A ted (14
5 (Steel 1UD) 14 operated (14)
B unoperated (13)
6 (No operation) 7 Unoperated (14)

* Figures in parentheses indicate number of horngaung implantation sites.

Experiment 3 was carried out to determine whetlogper released from IUDs penetrated into
foetuses. Pregnant rats were treated as follow®ayn9 of pregnancy, copper IUDs were inserted
between each embryo in both uterine horns of 2(fatsup 7). In another 2 rats, steel IUDs were
inserted in both horns (Group 8). One rat wasdsfan unoperated control. Test animals were killed
on Day 22 of pregnancy, and samples of maternat hwd uterus, all foetal brains, foetal livers and
placentae were removed for copper analysis.

Rats were anaesthetised on Day 21 of pregnancyaandternal blood sample taken for copper
analysis. After sacrifice, the uterus was exposati @pened up. In IUD-bearing animals, copper
or steel coils were removed, washed and weighed.ntimber and position of live and full-term
dead foetuses (no signs of maceration), late résoip(maceration, death occurring at the foetal
stage), and early resorptions (death occurrinhatembryonic stage) were noted. Numbers of
corpora lutea in each ovary were also noted. Festugere weighed and examined for gross
external abnormalities. They were then either fiseBouin's fluid for examination of soft tissues
by the slicing technique of Wilson or in alcoholdastained with Alizarin red S for skeletal
examination.

Experiment 1 results: Gravimetric analysis of the IUDs before insertion Day 9 and after
removal on Day 21 of pregnancy showed a mean imscepper loss of 48 £ 3 pg (about 4
pg/coil/day). Maternal plasma copper levels (meanetm.) on Day 21 of pregnancy were 203 £ 5
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(n=29), 208 = 121§ = 10) and 200 + 5n(= 10) ug/100 ml in Groups 1, 2 and 3 respectively.
Differences between the groups were not significdmto rats had unilateral pregnancies, the
remainder were bilateral. The only significant eifnces in comparisons of the 5 sub-groups of
uterine horns were between resorptions in Grouprd Group 2A or 2B (P < 0.015) and between
Group IA and Group 3 (P = 0.03). There were noigant differences between the sub-groups in
either overall incidence of abnormal foetuses ec#j abnormalities and anomalies.

Table 59: Outcome of pregnancy in rats carryintedacopper IUDs from days 9 to 21 of
pregnancy (experiment 1)

No. of Fetuses Resorptions
No. of implantation Mean + s.e.m.
Group rats Uterine horn sites Live Dead Early Late fetal wt (g)
A Operated (9) 63 - 51 0 9 3 2.95+0.12
I (copper TUD) 8 B Unoperated (8) 42 %0 2 I 3021010
A Operated (10) 57 53 0 1 | 297 +0-1G
2{sham-operated) 10 g Uﬁﬁ;eratnd (9) 47 a7 0 0 o 2-85+0.07
1 {no operation) 10 Unoperated (20} 126 117 0 9 0 3-12 £ 005

Figures in parentheses indicate number of horns containing implantation sites.

Experiment 2 results: Gravimetric analysis of the IUDs before insertion Day 9 and after
removal on Day 21 of pregnancy showed a mean msepper loss/coil of 74 + 4 ug, i.e. about 6
pg/coil/day. No significant reduction in weight thie steel coils was found between insertion and
removal. Mean * s.e.m. copper levels in maternadrplh on Day 21 of pregnancy were 207 £ 6 (n
=13),194 + 9 (n = 12) and 208 = 14 (n = 7) ug/M0in Groups 4, 5 and 6, respectively. The
differences are not significant. There was a sigaift increase in the incidence of resorptions in
Groups 4A and 5A in comparison with Groups 4B aBd(B < 0.005). There was no significant
difference between Groups 4A and 5A. There weresigmificant differences in the overall
incidence of foetal abnormalities. The only sigrafit difference in the incidence of specific soft
tissue abnormality was an excess of tracheobronebaly in Group 4A compared with Group 4B
(P < 0.02). However, the difference between GroAmAd Group 6 was not significant. The only
significant difference in the incidence of skeleaabmalies was a slight excess of extra 14th rib in
foetuses from Group 4B in comparison with Group 6<(0.05).

Table 60: Outcome of pregnancy in rats carryintedacopper IUDs from days 9 to 21 of
pregnancy (experiment 2)
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No. of Fetuses Resorptions " N
.of ymplantation ¢an + 5.
Group i?m(;is Uterine hom sites Live Dead Early Late fetal wt (g)
0-08
A Dy ted (13 15 57 Q 16 2 2-96 +
4f{eopper VD) 13 Umau(d ()13) 95 91 0 4 o 3.04 %007
A Operated {14) o8 15 ] 13 14 2.83 +0-08
$ {steel IUD) 14§ Unoperated {13) 110 108 O 2 0 2-8+0-07
& (np operation) 7 Unoperated {14} 102 102 0 Q Q Z-79 +0-11

Figures in parentheses indicate nomber of horns contaming impiantation sites.

Experiment 3 results: Foetal brain and liver and placental copper lewetse significantly
elevated in Group 7 animals, compared with thosenfiGroup 8 or the unoperated control.
Variance in foetal copper levels in Group 7 was,lewggesting relatively uniform exposure of
embryos and foetuses. Maternal liver levels of eoppere not elevated in Group 7 (5.0 and 6.8
png/g) compared with Group 8 (4.9 and 5.2 pg/g) har inoperated control (4.5 pg/g). Uterine
copper levels were considerably elevated in Gro@@371 and 21.3 pg/g) compared with values in
Group 8 (2.0 and 2.1 pg/g) and the control anirh& (1g/g).

Examination of the offspring for structural abnotities confirmed that copper had no significant
teratogenic or growth-retarding effect in the fite incidence of major malformations was low in
all groups and the minor disturbances that weren seeall groups are known to be common

spontaneous malformations in the strain of rat usbd copper ions released from intrauterine wire
were insufficient to elevate maternal plasma copgeels. Copper levels in the rat maternal liver
were not elevated, but the copper released fromiibes did penetrate the foetus. Foetal brain
copper levels were increased by 65% and foetat laxels by more than 100% in copper-exposed
offspring compared with those from mothers withekte)Ds or no IUDs. The lack of teratogenicity

of copper released from IUDs cannot therefore bébated to lack of exposure of the conceptuses.
Moreover, the embryos were exposed to copper thmutgorganogenesis. The IUDs were inserted
on the morning of Day 9 of pregnancy, which coroggs to the primitive-streak stage marking the
onset of organogenesis, and is well before the tirmeural tube closure on Days 10-11.

Intrauterine mortality rates of 19 and 24% in caplp® horns were significantly higher than in
sham-operated (4%) or untreated controls (0O and B@t)were no higher than in horns carrying
inert steel IUDs (25%). These results suggestttietieaths were probably due to trauma from the
insertion and the physical presence of devicekaruterus, rather than to any specific effect of
copper.

Reference:Chang, C.C. and Tatum, H.J. (1973).
Guideline:  No

GLP: No

Deviations: Yes (from OECD 414)
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» The toxicity of copper to reproduction / teratogetyi was assessed only after implantation
of embryos in the Parent females. No copper wasrasi@ered to males,

» only a single ‘dose level’ was used. The dose weckby parent females was estimated, not
measured,

* F, and kK generations were not exposed to copper duringr thewth, mating and
reproduction,

» test and control groups generally contain fewemas than recommended,

» effects on the oestrus cycle were not assessed,

* sperm parameters were not assessed.

These deficiencies do not, however, necessarilypcomise the validity of the data generated.

A study was carried out to determine whether coppee, placed within the uterus after

implantation and kept in situ throughout pregnangsoduced any teratogenic effects on the
embryo, or altered in any way the development anmsaquent growth of the offspring of rats,
hamsters and rabbits. The potential for adversecesffon the fertility of treated animals was also
assessed.

Nulliparous female rats of the Holtzman strain,ladycling female hamsters and adult albino New
Zealand female rabbits were used.

In rats and hamsters, positive matings were verifig the presence of sperm in vaginal smears.
The day of insemination was designated as Daydrexinancy. In rabbits, visual observation only
was used to confirm copulation, and that day wasgdated as Day 0 of pregnancy.

Copper wire (99.9% pure) was inserted into the eratagal cavities of both uterine horns of rats
and hamsters on Day 6 of pregnancy. It was estuhthed the rate of dissolution of the wire used in
the cycling rat was approximately 2.75 pg per day.

In rabbits, the wire was inserted into the utedmmens on Day 7 of pregnancy. The amount of
copper released in 24 hrs from the wire was estichdb be approximately 5.50 pg on the
assumption that the rate of dissolution of the wised in the rabbit is similar to that in the rat.

The wire was leftn situ during pregnancy and lactation, and the gestgieyiod was recorded. The
mothers were sacrificed at the time of weaning tiedovaries, uteri and adrenals were fixed with
Bouin's solution for histological examination. Timember and sex of the pups of rats and hamsters
were recorded at birth and the offspring were olekfor gross abnormalities. The body weight of
F1 generation rats was recorded at 5-day intervais fthe age of 5 days through 60 days. The
offspring of rats and hamsters were weaned at gleech 25 days and the number of surviving F
generation was recorded. In the meantime, the fsnakre separated from the males and main-
tained in separate cages to raiseaid F; generations. In rabbits, laparotomy was done oy Ia

of pregnancy and the number of implantation sitas vecorded. The offspring were weaned when
30-35 days of age. Some of thedeneration rabbits were sacrificed at the ageitbke3 or 6
months.

When the Fgeneration rat and hamster females reached thef&fiedays and the males 120 days,
each female was cohabited with one fertile maleeawh male with 2 virgin cycling females for 10
days. The fertility of the Fgeneration animals was evaluated by the followegimens: a) the ratio

of the animals mated over the animals used andebhtimber of implantation sites or the number
of pups delivered. Some of the animals deliverethkyf generation were eliminated at the time of
weaning and examined for gross malformations. Témeaining animals were used for fertility
testing when they reached maturity. The fertilifyFe generation animals was tested in a manner
similar to that described for the generation.
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At autopsy, the body weight and the weights offtiewing organs were determined: ovaries, uteri
and adrenals in the females; testes, seminal essi@pididymus (in the rabbit only), ventral
prostate and adrenals in the males.

Rats: There was no difference in gestation periods betwbe mothers bearing the wire in the

uterus and controls. All copper wire treated andtrmd mothers delivered normally. However, a

comparison of the average number of pups delivemd treated mothers to those from untreated
rats showed that the copper wire treated femalégeded 6.5 + 0.7 pups, a number significantly

lower than that of the untreated controls (8.6 &) @t the 5% confidence level. It is considered
likely that the incidence of fewer pups in the teehgroup was due to manipulation of the uterus
and damage to the embryos at or near the site tileectopper wire was inserted.

No teratogenic effects were evident in offspringp Bbnormalities were observed at birth, at
weaning or at the time of the fertility test. Thevas no effect of copper wire on survival rates of
the F generation animals at the time of weaning. Sutvigtes of the descendants of treated and
untreated mothers indicates that lactation wadmetrupted by the wire.|generation animals of
both sexes grew normally, as evidenced by the &&= in body weight. There were no significant
differences in fertility of offspring of copper aed and untreated mothers of either sex in the F
generation. There were no significant differenaesigan weights of offspring of copper wire
treated and untreated mothers in either sex drtlgeneration.

There were no significant differences in fertilagnong F generation descendants of copper wire
treated and untreated animals. There were no gigntf differences in body weights or organ
weights in either sex of the Generation.

At autopsy, there were no gross anatomical defeemihoted in Parent,;For F, generations.
Histological examination of the ovaries, uteri aadtrenals of Parent females, and of female and
male tissues of Fand F, generations did not show deviations from normal.

Hamsters: There was no difference in the average number p$ norn between the group bearing
copper wire and the control group. The gestatiamogddor treated animals was not different from
the controls. Lactation in treated mothers was icened to be normal, based on the average body
weights of pups and the percentage lost at weahlogeratogenic effects were observed in the F
generation animals at birth and at weaning. Higfickl examination of the ovaries, uteri and
adrenals of mothers with copper wire showed noat@n from normal.

There was no apparent effect on the fertility dspfing of treated and untreated mothers in either
sex of the F1 generation. There were no significhfierences in organ weights of offspring of

copper wire treated and untreated mothers in egbhgrof the F1 generation. There were no sig-
nificant differences in fertility among F2 geneaoati descendants of copper wire treated and
untreated animals. However, the average numbeup$ pelivered in BB females (descendants of
control Parent) and AA males (descendants of coppated Parent) was significantly lower than

that of normal animals (2.0+1.0 vs 7.8+0.9) for &enparents, 3.1+0.6 vs 7.9+0.8 for mal parents).
The cause for this difference in the F2 generai®mot known.There were no significant

differences in body weights or organ weights irh@itsex of the F2 generation, other than an
unexplained increase in the adrenal weights ofrobmhales. At autopsy, there were no gross
anatomical deformities noted in Parent, F1 or FBegations. Histological examination of the

ovaries, uteri and adrenals of Parent females, aintemale and male tissues of F1 and F2
generations did not show deviations from normal.

Rabbits: At the time of insertion of the copper wire (Dayf7pregnancy), there was no difference
in the average number of implantation sites betwidenanimals which were to be exposed to
copper wire and the controls. However, at lapargt@am Day 15 of pregnancy, the number of
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implantation sites was significantly less than thlaserved on Day 7 of pregnancy. The number of
pups subsequently delivered from these animals redigced as compared to that in the control
animals. This difference was thought to be due amipulation of the uterus at the time of insertion
of the copper wire.

There were no gross anatomical deformities notedFligeneration at birth, at weaning or at
autopsy. The fertility of F1 generation was normal.

The Parent females were autopsied after weanirgjoldgical examination of the ovaries, uteri and
adrenals showed no deviations from normal.

No teratogenic effects were observed in F1 gemsratnimals and their growth rate was normal.
There were no significant differences in body weighd organ weights between the Fl generation
animals of either sex from copper treated and atgck mothers. Histological examination of the
female and male reproductive tissues of Fl ger@rahimals showed no deviations from normal.

Reference: Haddadet al.(1991)
Guideline:  No
GLP: No.

Water loaded with copper acetate was administesedistar albino rats at increasing stepwise

concentration of the copper acetate to 0.185% avseriod of seven weeks (approximately 65 mg
Cu/kg body weight per day). A group of controlraals received demineralised water. At the end
of seven weeks 7 rats from each group were samifto serve as non-pregnant controls. The
remaining rats were mated singly. The pregnantfesmwere divided into three groups. The first

group with 7 controls and 14 experimental rats vea@ificed at 11.5 days of gestation; the second
group with 7 controls and 14 experimental rats waaerificed at 21.5 days of gestation and the
third group with 7 controls and 14 experimentak raere allowed to litter. Blood samples were

collected for the measurement of serum aspartaiieotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase levels.

Histopathology was performed on liver and kidneysluding staining for copper and iron.
Samples of liver were subjected to atomic absomptspectrophotometry for copper levels.
Embryos from the dams killed after 11.5 days werangned for growth and development and
21.5 day foetuses and newborn pups were countedghaete and examined for external
malformations. Two foetuses and two newborn pupsm( each litter) were processed and
examined for visceral malformations. Histopath@dabexamination was performed on sections of
liver and kidney from one foetus and one newbono. plihe remaining foetuses and newborn pups
were processed for skeletal assessment. Statitiab/ses were performed.

General observations: There were no treatmentecklalinical signs throughout dosing and
maternal weight gains for the treated animals vgerelar to those in the controls. Pregnancy rate
was not adversely affected by maternal treatment.

Duration of gestation: There was no differencehi@ duration of gestation between the controls
and the copper loaded group.

Clinical chemistry: There were no differences e serum AST, ALT and alkaline phosphatase
activities between the control and the copper Idagteups (Table below).

Table 61: Clinical chemistry parameters

| Parameter | Controls | Copper loaded |
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AST (IU/L) 27.3 25.9
ALT (IU/L) 14.2 17.3
Alkaline phosphatase 11.8 9.6
(IU/L)

Histopathology: Liver and kidney sections from twatrol animals showed normal histology with
no copper deposits. Liver sections from the coppaded rats showed copper deposition in the
hepatocytes and to a lesser extent in the Kup#ls;ccopper was present as clusters or granules in
the cytoplasm. Analysis of copper content shovirad ¢copper levels of treated rats was higher than
controls (207.74.g/g dry weight in treated compared to 28gfg dry weight in controls). Lesions
included hypertrophy of the hepatocytes with cloedginophilic cytoplasm, areas of focal necrosis
surrounded by inflammatory foci of polymorph andnphocyte infiltration, the presence of
sinusoidal dilatation and the appearance of cyswmpia vacuolation. In the kidneys, copper
deposition was present in the proximal convolutdalites. Lesions were confined to the proximal
convoluted tubules, characterised as cloudy svgeliime to hydropic degeneration and obliteration
of the lumen with occasional desquamation of thehefial cells. Liver and kidney sections stained
for iron showed no deposits. These findings amglar to those seen in papers by Haywood et.al
(Section B.6.5.2.3 —B.6.5.2.5), where liver damage kidney changes were recorded at high levels
of dietary copper administration. The histologichlanges indicated that the levels of copper
loading were in excess of the maximum tolerateceda#though actual analysed liver levels of
copper were lower than where analysed by Haywoedt{@ B.6.5.2.4). Foetal and newborn liver
and kidney sections showed a normal histologicaepawith no copper deposits.

Foetal and newborn examinations: At 11.5 daysagjest, overt embryonic development was
similar in most parameters analysed. Howevergtlesre minor changes in mean somite number,
mean crown-rump length and mean yolk sac diametee wlightly decreased when compared with
the controls (Table below). These changes indicateslight delay in development for time of
gestation, although the small sample size, andpeecise nature of the parameters measured must
be taken into account.

Table 62: Growth and development of 11.5 day oltmws

Parameter Controls Copper
loaded

Number of dams examined 14 6
Number of embryos examined 56 95
Number (%) of embryos showing:

Presence of heart beat 56 (100) 95 (100)

Presence of fused allantois 56 (100) 94 (99)

Normally closed anterior 56 (100) 92 (96)
neuropore

Normally closed posterior 53 (94) 80 (84)
neuropore

Presence of normal turning 54 (96) 87 (91)

Presence of forelimb buds 56 (100 95 (100)

Presence of normal optic vesicle 56 (100) 92 (96)

Presence of normal otic vessel 56 (100) 93 (97)
Mean somite number 23.48 22.03*
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2.98
4.56

2.71*
3.98*

Mean crown-rump length in mm
Mean yolk sac diameter in mm
* P <0.005

The number of offspring per litter and the meartdbweights of the treated animals were stated to
be similar to controls. Similarly, external andsceral examination revealed no differences.
Skeletal examination showed reduction in the numdierossified centres in almost all the
ossification centres examined, which was significgenerally in 21.5 day old foetuses but
significant only in cervical vertebrae, caudal ebrae and hindlimb phalanges in newborn pups
(Table below). These ossification findings areegaily considered transient, in that they refléet t
stage of the ossification process, and it is sicguift that the incidence was much lower in the new-
born pups than in the day 20.5 foetuses. It shd@dnoted the presence or absence of an
ossification centre is not the same as the presenabsence of the feature itself; absence means
that the feature has not yet ossified i.e. it i cartilage. The differences may reflect matérna

copper-calcium balance, leading to slightly reduaeailability of calcium to the foetus.

4.10.3 Other relevant information

Table 63: Summary of investigative studies (deaanfliterature)

Method Exposure conditions and doses Observations and remkzs

Species
Pregnancy Sub cutaneous (rat) ; Copper acetate alone terminated pregnancy in
Marois (1972) i.v. (rabbit) 3/6 rats; copper acetate + progesterone did
No GLP not.

Rat and Rabbit

Copper acetate

10 or 15 mg/kg with or without
progesterone to rat,

8 mg/kg copper acetate only to
rabbit

Authors state that copper interrupted CNS
control of pregnancy in rat.

Post-implantation embryo

iv.

Injection on early day 7 of pregnancy killed

vivo andin vitro in vitro phase in culture bath all embryos. Injection on day 8 showed a high
O’Shea (1979) incidence of neural tube, cranial and heart
No GLP Copper sulphate defects, injection on day 9 showed fewer
Mouse 4 mg Cu/kg bw i.v. anomalies. Embryoculture showed similar
6 mated females/group In vitro phase 0.332, 1.60 or malformations
3.2ug copper/mL culture bath
Fertility Diet Reduced offspring survival at 100 and
Auerlich et al. (1982) Copper sulphate 200 ppm.
No GLP 0, 25, 50, 100 or 200 ppm Reduce kit weight was observed at and abgve
Mink (approximately 3, 6, 12 or 24 mg | 100 ppm.
12/sex/group Cu/kg body weight per day) Elevated copper levels in liver and plasma in
Duration: 9 months before mating| mink.
and 3 months after mating No information was provided on
developmental malformations.
Post implantation embryo V. High doses maternally lethal, near-lethal doses
development increased resorption and embryos with neural

Ferm (1974)
No GLP
Golden Hamster

10 mated females/ groups.

Copper sulphate

2.13,4.25, 7.50 or

10.0 mg Cu/kg bw or copper citrat
complex 0.25-1.50, 1.80, 2.20, or
4.9 mg Cu/kg bw

tube, cranial, tail, thoracic wall and heart
malformation. Sulphate much better tolerate
ethan citrate complex.

d

Post implantation embryo
development

i.p.

5% of embryos with heart defects
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Di Carlo(1979) Copper citrate complex
No GLP 2.7 mg Cu/kg bw

Golden Hamster
12 -17 mated females/group$

Antitesticular effect Cupric sulphate Intratesticular injection in rats caused
Kamboj (1963) Rat single intratesticular injection | dose-related degrees of degeneration of [the
No guideline applicable to the left testis of 0.02, 0.04 and | seminiferous epithelium and the interstitium
Swiss albino rats 0.08 mM/kg Single subcutaneous injection was ineffectiye.
6 males/group Rat and mice subcutaneous Continuous administration to mice caused
Swiss albino mice injection 0.08 mM/kg slight weight change but no histopathological
3 males/group changes.

Killed after 2-7 days in rats There were no changes following

And after 30 days in mice subcutaneous administration.

Note: the route of administration |s
not appropriate for risk assessment
purposes.

In these studies single high doses of copper haea bdministered parentally, via intravenous, sub
cutaneous or intra peritoneal injection. These istudppear to have been performed in order to
study induction of foetal malformations, and thates of administration were chosen because it is
not possible to engender similar malformations kgl administration. The studies are not strictly
relevant to the classification of copper hydroxide they are known to the regulatory authorities.

4.10.4 Summary and discussion of reproductive toxicity

« Non human data
Fertility

Effects on fertility were investigates in a two geation study in rat. In this study, no treatment
related effects were observed on reproduction paiens or systemic toxicity.

In the four other fertility studies (non guidelingt GLP), there were no differences from controls
in any of the parameters studied.

Development

Developmental toxicity of copper has been investidan a well-conducted GLP study in rabbit. In

this study, no malformation of concern was noted #re observed developmental effects were
considered to be secondary non specific consequaribe maternal toxicity and not a direct effect

on development.

Moreover the extensive data on the absorption adeton of copper in the human, in livestock
and in laboratory animals, show that there is nteqoal for any cumulative effect over several
generations.

e Human data

There is a comprehensive review of copper in pregnand childhood in the human. This review
identified risk to neonates fed cows milk boileduimtinned copper vessels. In most of the reported
studies, there were no indications of any adveffgets on pregnancy, birth or growth that were
associated with exposure to copper.
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However, Grahanet al. (1980) reported two cases of anencephaly in wowtere an intra-uterine
contraceptive device (IUD) was used. Anyway, copmdeased from these devices significantly
increases copper concentrations only in the ingrng fluid in the first 12 months of utilization,
but it do not increase serum copper or caeroplassomcentrations (Gosden et al.,, 1977). In
addition, the mean daily release of copper by the torresponds at only 1% of the mean daily
copper intake by the alimentation. Moreover, otlmae recent studies reported that the IUD does
not increase the risk of congenital abnormalitRasquale 1996; Weissmann-Brenner et al. 2007).

4.10.5 Comparison with criteria

Reprotoxic substances can be toxic to the develaopofehe unborn child or can cause impairment
of fertility in male and female subjects.

Reprotoxic substances are divided into 2 groups;
- Effects on male or female fertility, including adse effects on libido, sexual behaviour, any
aspect of spermatogenesis or oogenesis, or on natractivity or physiological response.
- Developmental toxicity, including any effect intemihg with normal development before
and after birth.

1) Criteria in the CLP classification :

= Fertility and developmental toxicity

Substances are classified in Category 2 for reftbgritoxicity when there is some evidence from
humans or experimental animals, possibly suppleatemtith other information, of an adverse
effect on sexual function and fertility, or on demment, and where the evidence is not sufficiently
convincing to place the substance in Category tleffciencies in the study make the quality of
evidence less convincing, Category 2 could be tloeenappropriate classification. Such effects
shall have been observed in the absence of otker éffects, or if occurring together with other
toxic effects the adverse effect on reproductiolcaasidered not to be a secondary non-specific
consequence of the other toxic effects.

2) Comparison with criteria:

= As in a rat two-generation study (guideline and &hBRd in four other fertility studies (non
guideline, not GLP) there were no differences froontrols in any of the parameters studied,
no classification is proposed for copper concermantlity and reproduction

= As no malformation of concern was noted in a welducted GLP study in rabbit, no
classification is proposed for copper concerningetigomental toxicityeproduction

4.10.6 Conclusions on classification and labelling

Based on all the available data and the weightvmfesice on the impact of copper on developmental
toxicity, no classification is required for coppgmpounds concerning reproductive and developmental
effects.
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RAC evaluation of reproductive toxicity

Summary of the Dossier submitter’s proposal

No data on coated copper flakes are available in the CLH report. However, in light of the
proposal to read-across between the different copper compounds for systemic endpoints
(see section “RAC general comment” above), the dossier submitter included in the CLH
report several animal studies investigating the reproductive toxicity of other copper
compounds, as well as some human data.

Fertility - Effects of copper sulphate pentahydrate on fertility were examined in a 2-
generation study conducted according to OECD TG 416 (Mylchreest, 2005). No
treatment-related effects were seen on any of the fertility and litter parameters
investigated. Two other non GLP studies conducted with copper gluconate (De la Iglesia
et al., 1973) and copper sulphate (Lecyk, 1980), included as supporting evidence, also
showed no effects on fertility.

Development - An OECD TG 414 compliant rabbit developmental toxicity study
conducted with copper dihydroxide (Munley, 2003d) showed some slightly increased
incidences in common skeletal variants that were considered secondary non-specific
consequences of maternal toxicity. Two other non-guideline studies exposing rats and
mice to copper gluconate via gavage (De la Iglesia et al., 1972) did not reveal treatment-
related effects on developmental parameters. Another non-guideline compliant study with
copper acetate administered to rats via drinking water (Haddad et al., 1991) showed
some delayed ossification in foetuses but not in new-borns. In addition, two studies
exposing pregnant rats, rabbits and hamsters to intra-uterine copper wire (to mimic
exposure to intra-uterine contraceptive device (IUD)) showed no teratogenic or growth-
retarding effects in the offspring (Barlow et al., 1981; Chang & Tatum, 1973).

Human exposure — Copper in the uterus (as IUD) is known to prevent implantation of the
blastocyst, but once implantation takes place the foetus develops normally. The CLH
report mentions that although two cases of anencephaly after use of IUD have been
reported (Graham et al., 1980), more recent reports indicated that IUD did not increase
the risk of congenital abnormalities (Pasquale, 1996; Weissmann-Brenner et al., 2007).
No further details on any of these publications were however presented. Dietary exposure
to copper does not appear to result in adverse effects on pregnancy, birth or growth and
development (Ralph & McArdle, 2001).

Based on the available data and the weight of evidence, the dossier submitter concluded
that no classification for reproductive and developmental effects is warranted for copper
compounds, including coated copper flakes.

Comments received during public consultation
No comments were received during the public consultation.

Assessment and comparison with the classification criteria

RAC notes that no data on coated copper flakes are available. The CLH report contains
data on other copper compounds (among which copper sulphate pentahydrate), from
which the dossier submitter proposed to read-across to coated copper flakes. In view of
the considerations presented in the section “RAC general comment”, RAC has not
pursued the aspect of grouping any further. RAC concludes that in the absence of
relevant data no proposal for classification for reproductive toxicity can be made for
coated copper flakes.
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4.11 Other effects

In the review of copper toxicity database of Stetral. (2007), no new information was available in

human or animals.

4.11.1 Non-human information

4.11.1.1Neurotoxicity

Table 64: Neurotoxicity study results
Method Exposure conditions and doses Observations and remks
Species
Malhotra (1982) Group 1: lead acetate 100mg/Pb/LL Copper treatment alone had no effect on [the
No guideline applicable Group2: i.p cupric chloride at 2 mg levels of copper in the brain mitochondria, and
No GLP cu/kg did not affect enzyme activities in
12 male/groups treated for 21 Group 3: lead acetate (100mg/L) in mitochondria.
days dreaking water + cupric chloride (2 The presence of copper reduced the levels of
mg cu/kg) i.p. lead and the adverse effects of lead.
Group 4: control: sodium acetate
100mg/L in drinking water
Murthy et al, (1981) Dietary administration of 250 No affect their locomotor activity, learning
No guideline applicable mg/kg Cu (as copper (Il) sulphate | ability or re-learning capacity and memory.
No GLP in pentahydrate) for 30 days, But analysis of biogenic amines in the brain
6 male rats equivalent to about 20 mg/kg revealed an increase in the dopamine and
bw/day norepinephrine levels of animals receiving the
protein-adequate diet. Furthermore, the
administration of Cu was associated with
decreased levels of calcium and zinc in the
brains of rats fed both the low- and high-
protein diets. The Cu content of the brain was
elevated in all Cu-treated animals (+174 and
+172% for low- and high-protein diets,
respectively). The neurotoxicological
significance of these findings is unclear, given
that there were no associated effects |on
behaviour

Summary and discussion of neurotoxicity

The limited amount of evidence indicates that exaagpper does not adversely affect function of
brain mitochondria. In the many toxicity studies ammals, there have been no indications that
copper is selectively neurotoxic. However, in humaiith the genetic condition Wilson’s disease,

where the copper transporter WND protein is inatoopper progressively accumulates in the liver
and in the brain, and subjects in the later staféise disease, which is fatal through liver fadluir

not treated, show signs of neurotoxicity. In gecadly normal humans, and in normal laboratory

animals, the natural homeostatic mechanisms thgitlate copper prevent any accumulation in

brain and neural tissues, such that copper is meugotoxic.

Acute, short term and long term studies where cop@es been administered in the diet to
laboratory animals have not shown any neurotoxjonssiand histopathology of neural tissues have
not shown any adverse effects associated with cagapainistration.
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4.11.1.2lmmunotoxicity

Table 65: Immunotoxicity study results
Method Exposure conditions and doses Observations and remks
Species

Immune response

Pocino, M (1991)

No standard guideline
C57BL/6 mice

Males and females

CusQ

Drinking water

50, 100 and 200 ppm
3-10 weeks

100 or 200 ppm: depressed levels of all of t

four immunological parameters investigated,

including both cellular and humoral immune
responses. Other studies in humans have
shown that the nausea threshold for copper
sulphate in drinking water is 6 1&)/L.

ne

as

4.11.1.3Specific investigations: other studies

Table 66: Complementary studies

Method Exposure conditions and doses Observations and remks

Species

Johansson, A (1983&1984) | CuCl No effects on alveolar type Il cells, alveolar
No standard guideline Inhalation macrophages, and no increased pulmonary
8 male rabbits 0.6mg/nd phospholipids

Acute toxicity of copper to Copper sulphate intraperitoneal | LDsg of copper sulphate was 7.5 mg/kg, and
mink injection the LDso of copper acetate was 5.0 mg/kg.

Auerlich (1982)

No guideline applicable
dark mink

6animals groups

3.1,6.2,9.4,12.5 and 25.0 mg/kg
Copper acetate
5, 10 and 20 mg/kg

4.11.1.4Human information

No data available

4.11.2 Summary and discussion

Neurotoxicity

The limited amount of evidence indicates that exaapper does not adversely affect function of

brain mitochondria. In many toxicity studies onraals, there have been no indications that copper
is selectively neurotoxic.

I mmunotoxicity

In a drinking water study in mice, concentratioriscopper sulphate as high as 200 ppm were

associated with inhibition of the immune resporathough the authors indicated that the effects

were similar to zinc deficiency immune inhibitioas excess copper can cause zinc deficiency

through induction of metallothionein, which removesth metals. A NOAEL of 50 ppm was
demonstrated.No data on food or water consumpti@ndodyweights were present in this paper,
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So it was impossible to assess either the dosenggteried or to quantify a NOEL in terms of actual
intake of copper

Other studies

A series of studies was performed on salts of copgamium and cobalt, to determine if rabbit
alveolar type Il cells and alveolar macrophagesvaabsimilar changes to those induced in earlier
studies with nickel. Rabbits were exposed 6 hoass/daily for 4 to 6 weeks to 0.6mg Cu/m3 as
CuClI2 but findings were generally similar to cotgro

In an acute intra peritoneal study on mink, the Q08 copper sulphate was 7.5 mg/kg and the
LD50 of copper acetate was 5.0 mg/kg.

4.11.3 Comparison with criteria

In many toxicity studies on animals, there havenbge indications that copper is selectively
neurotoxic. No classification under Regulation (EX2)72/2008 is proposed. No classification or
SCLs are considered necessary.

Excess copper is associated with inhibition ofithenune response in mice. However, this may be

an indirect effect of copper-induced zinc deficigmather than a direct effect of copper. Thus,
immune system is not a primagyrget organ ofoxicity for copper.

4.11.4 Conclusions on classification and labelling

Copper compounds should not be classified. No SQlonsidering necessary.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

The environmental fate properties assessment op&adp based on the Draft Assessment Report,
Addenda to the Draft Assessment Report and the IGsina on Pesticide Peer Review of Copper
compounds (2008) for the environmental behavicwe, EU Voluntary Risk Assessment (Existing
Substances Regulation) of Copper, Copper Il suippantahydrate, Copper (1) oxide, Copper (I1)
oxide, Dicopper chloride trinydroxide (2008), ame tAssessment Report for Copper (II) Oxide for
Biocidal Product PT08 (2010) for the aquatic taxici

5.1 Degradation

In soil

Copper is an inorganic compound that cannot beadiegrin soils. It is therefore not possible and
not relevant to define a route and a rate of degiaal in soils as usually made for organic
compounds.

However, copper can be present under different $prmost of which are strongly bound to
inorganic and organic ligands contained within s0id sediments; while a marginal fraction of
copper is present as various species in the daili@o. The fate and behaviour of copper, as its bi
availability, strongly depend on the distributidntlvese different forms.

The distribution and equilibrium between the difietr forms of copper in soil depend on many
factors, such as soil pH, texture and organic matiatent. If the mobile, active and toxicologigall
significant substance is mainly the free coppersi@hf* present in the soil solution, it is not
possible to predict how much this form will repreisom the total applied amount of copper. The
activity of the free copper ion will steadily ina®e with decreasing pH for instance, while the
contribution of complex species will decrease. Teding affinities of Cu2+ with organic or
inorganic matter are also dependent on the presd#remmpeting metal ions and inorganic anions.

In water

Metals are indeed natural elements and are thexdigrdefinition, not degradable. In water, copper
cannot be transformed into related metabolitesegratiation products and consequently hydrolysis
and bio-degradation processes in water will haveaction on copper in this respect. Although
unable to degrade, copper are subject to chemigasformation processes with a wide array of
materials so that the vast majority of copper inaig systems is rapidly bound to mineral particles
precipitated as insoluble inorganic salts, or botsmdrganic matter. In pure water very low levels
of the free C&' ion are present in solution, with amounts goverbgdhe propensity of the metal
cation to hydrolysis in water, as shown in thedwling equation:

Cu(t0)e™* + HO o CuOH(HO)" + HO"

The reaction is pH dependent with a distributionstant equal to 6.8. Therefore, below pH 5.8 the
predominant form will be Cu(D)¢**, whilst above pH 7.8, the predominant form will be
CuOH(HO)s". This latter form of copper is an inorganic coexpfor which a wide range of other
possible types could be formed in natural watethwither cupric or cuprous ions and a range of
inorganic ligands (e.g. OHHCO;/COs*, H,PO, /THPO”, CIT, SQ* and $~) and organic ligands
(e.g. humic and fulvic acids) associated with digsth organic matter. In natural water, the
solubility of copper is regulated primarily by tfemation of malachite (GOH),COs) at pH <7
and by tenorite (CuO) at pH > 7. The concentragbC* ions in solution will be higher at low
pH, however the exact concentration will dependsatsrably on the type and concentration of
ligands presenting the water.
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Copper entering a water body is rapidly bound tdenm in the water phase resulting in very low
levels of free Cti ion in solution. In a water-sediment system, to@dper was re-distributed from
the surface water to the sediment, at a worst dessgpation rate of 30.5 days (considered as a
DT50 for the water column), calculated using fostler kinetics. The majority of the applied
copper in the sediment is bound to solid matteer&fore, in a complex environment, total or even
dissolved copper levels are not appropriate tosasb@-available copper exposure. Within the
soluble water phase, complexation process reduwesadtual amount of copper, available for
uptake by biological organism.

In the Guidance to Regulation (EC) No 1272/2008s€lfacation, Labelling and Packaging of
substances and mixtures (metal annex), it is stdiat ‘Environmental transformation of one
species of a metal to another species of the same dot constitute degradation as applied to
organic compounds and may increase or decreasavdiibility and bioavailability of the toxic
species. However as a result of naturally occurgagchemical processes metal ions can partition
from the water column. Data on water column resideime, the processes involved at the water —
sediment interface (i.e. deposition andnrebilisation) are fairly extensive, but have noete
integrated into a meaningful database. Neverthelesssg the principles and assumptions discussed
above in Section V.1, it may be possible to incogbe this approach into classification. This
approach will be accepted if a laboratory/mesocstudy is available to validate the following
principles

1) Soluble metal concentration are shown to haeeedsed by > 70% in 28 days
2) The absence of remobilization is verified

3) Demonstration that changes in the sediment redibxot result in release of the metal.

In the sediment compartmentppper binds to the sediment organic carbon (psdstie and
dissolved) and to the anaerobic sulphides, resultinthe formation of CuS. CuS has a very low
stability constants/solubility limit (Logk4l (Di Toro et al.1990) — see section
adsorption/desorptionand therefore the ‘insoluble’ CuS keeps coppethin anaerobic sediment
layers, limiting the potential for remobilizatiorf Gu-ions into the water column. Simpson et al
(1998) and Sundelin and Erikson (2001).

In order to demonstrate removal from the water moluo assess the “persistence” or lack of
degradation of metal ions, responsible for the dibxiof metals and metal compounds (> 70%
removal within 28 days), the copper Task force mted the following study (Rader (2013)).

EXECUTIVE SUMMARY

Introduction

In line with the GHS guidance, “rapid degradatiéo’ metals requires one to demonstrate not only
rapid loss from the water column, but also limitethobilization potential from sediment.

The two main objectives of this work are:

Simulate copper removal from the water column ofemeralized lake environment using a
transport and fate model, TICKET-UWM, to see if thpid removal benchmark of 70% removal of
dissolved copper in 28 days is met and assessxtbatdo which copper deposited to sediment is
remobilized to the water column.

Assess the predictive capabilities of the TICKET-MWy testing it against data from several
laboratory and field datasets including a lakegservoir, a large enclosure in a lake, and labprato
microcosms.
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The Tableau Input Coupled Kinetics Equilibrium Tspart Unit World Model for Metals in Lakes
(hereafter referred to simply as the TICKET-UWMa(ley et al., 2007; Farley et al., 2008; Farley
et al., 2010) was developed to address the contigexif metal speciation and its influence on the
fate and effects of metals in the environment. &sees considered by the model include
complexation by aqueous inorganic and organic tigasuch as dissolved organic carbon (DOC),
adsorption to particulate phases such as partewaganic carbon (POC) and iron/manganese
oxides, binding to biological receptors (bioticdigls), dissolution kinetics of metals powders, and
cycling of organic matter and sulfide productioriakes.

Generalized Lake Simulations

The model was used in time-variable mode to sireutaipper removal following a single short-

term addition to the water column of a generalilzd@ based upon the EUSES model lake (RIVM,
2004; ECHA, 2010). The initial copper concentrasiarsed for the simulations were set at the pH-
specific chronic ERVs (Table 1), 0.1 mg/L, and Vim@he water chemistries for three pH values
(6, 7, and 8) were based upon directives in Annéxfl the Guidance on the Application of the

CLP Criteria (ECHA, 2011) and Annex 10 of tlobally Harmonized System of Classification

and Labelling of Chemical&GHS) (United Nations, 2011) (Tables 2 and 3).

Table 1. Summary of Initial Copper Concentrations W$ed for TICKET-UWM Simulations.

pHo6 pH7 pHS
Chronic Acute Chronic Acute Chronic Acute

Metal

Caopper 20 25 7 35 11 30

All concentration in units of pg/L

Table 2. TICKET Unit World Model Input Parameters f or EUSES Model Lake
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Parameter Value
Simulation time. days 28

Time step. days 0.1

Volume, m’ 3.6 % 10°

Surface area. km” 1200

Depth. m 3

Residence time. yr 0.110

Settling rate. m/d 2:5

Burial rate, ciy/'yvr 0.3
Resuspension rate . ¢m/yr 2.44°
Diffusive exchange. cm/day 0.24°

Sediment f,. 0.05

Sediment solids cone.. g/l 500

Active depth. cm 3

AVS, pmol/g 4 0.77 ¢

Initial Cu conc.. ug/L as Cu 29

Initial Cu conc.. umol/L as Cu 0.46

POC. mg/L 1.5

DOC. mg/L 2.0

pH*® 6.09 7.07 8.00
Alkalinity, mg/L as CaCOj; 3.85 7.47 37.2
Calcium. mg/L 8.0 32.1 80.1
Magnesium, mg/L 1.2 49 12.1
Sodium. mg/T 1.8 3.4 18.0
Potassium. mg/L 0.3 1.2 3.02
Sulfate. mg/L as SOy 4.8 19.2 47.9
Chloride. mg/L. 14.5 57.8 145

2 Calculated using the settling velocity. suspended solids concentration,

sediment bulk solid concentration. and the bural (net sedimentation) rate

shown 1n table using a solids balance (Chapra. 1997).

EUSES pore water side mass transfer coefficient. Based on Di Toro et

al. (1981) mass transfer resistance is all in the sediment.

€ 10th percentile value from the Flanders dataset (Vangheluwe, 2003:
additional information from: http://echa europa.eu/copper-voluntary-
nsk-assessment-reports [environment/Risk Characterization/Chapter
33713)D

This 1s the pH of the water column and the sediment.

Table 3. Distribution Coefficients, Fraction Particulate Values, and Maximum Rapid Removal Depths
for Different pH Values®

- Fraction Particulate Max Depth with 70%
pH log Ky

(fPart) Removal " in 28 days, m
6.09 6.29 (6.17 — 6.30) 0.967 (0.957 — 0.968) 53
7.07 6.18 (6.01 —6.19) 0.958 (0.939 — 09‘?9) 52
8.00 5.60 (5.57 —5.60) 0.857 (0.847 — 0.857) 47

Average over 28 days 1s indicated with range shown 1n parentheses. Initial Cu concentration was set
at the pH-specific acute ERV (Table 2-1)

®  Based on total copper

These parameters were determined to be close 098" percentile ranges observed in EU surface waters
(Table 4), probably with the exception of the comication of chlorides (not a critical parametertive
assessment).

Table 4. ARCHE overview of physico-chemical charaetistics of EU surface waters
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Median of 10% Median of 50* Median of 90*

percentiles percentiles percentiles
Calcium 17.22mg/L 49.92mg/L 89.99mg/L
Magnesium 3.29mg/L 7.81 mg/L 17.57 mg/L
Sodium 3.81 mg/L 8.25mg/L 19.91mg/L
Potassium 1.03mg/L 223 mg/L 5.11 mg/L
Chloride 4.67 mg/L 13.47mg/L 34.82mg/L
Sulfate 8.28 mg/L 22.08 mg/L 81.07mg/L
:‘Z“::":ggj) 68.01 mg/L 161.88 mg/L 327.45mg/L
DOC 1.67 mg/L 3.01 mg/L 5.63 mg/L
TOC 3.66 mg/L 9.32mg/L 15.45mg/L
Susp.solids 6.15mg/L 16.00mg/L 41.66mg/L
pH 7.06 7.66 8.03

For the generalized lake removal calculations, eo@mlsorption onto suspended solids was descriped b
means of two different approaches: 1) using enwdirdistribution coefficient values (lofp) from the
copper risk assessment (Cu RA) document (Heijexicd., 2005) for the water column and sedimend; 2)n
using the speciation models within TICKET-UWM toladate “instantaneous” distribution coefficients
based upon water chemistry and the concentratigradiculate sorbents (e.g., particulate organiba@a,
POC). Based on the description of the rapid remaodinition in Annex IV, removal was evaluated by
comparing the concentration of dissolved coppeax particular time to the initial concentration (kigs 1
and 2).

12 12

Instantaneous 31% removal of
dissolved Cuvia equilibrium
partitioning

o
(=+]
o
w0
—

Crot(t)/Crael0)
o
Coiss(t)/Crer(0)
-

o
=
—

70% Removalof Tot. Cu
(Approach 2)

o=
=

70% Removal of Diss. Cu
(Approach 3)

02 02 N
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0 T T T T T T T L R ————" L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
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Figure 1. a) Total and b) dissolved copper (Cu) reoval from the water column using EUSES model
parameters and the linear partitioning method. Theinitial total copper concentration in the water

column, CTot(0), is 35ug/L. The horizontal dashed lines represents alTot(t)/CTot(0) = 0.3 (70%

removal of total copper) and b)CDiss(t)/CDiss(0) = 0.3 (70% removal of dissolved copper).
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Figure 2. a) Total and b) dissolved copper removafrom the water column under different pH
conditions. Copper speciation (including binding to®POC) was calculated using WHAM V in TICKET-
UWM. The initial total copper concentration in the water column, CTot(0), was set at the pH-specific
acute ERV values (Table 2-1). The horizontal dashelihes represents a)CTot(t)/CTot(0) = 0.3 (70%
removal of total copper) and b)CDiss(t)/CDiss(0) = 0.3 (70% removal of dissolved copper). kofor b)
the color of the dashed line corresponds to the pbif the simulation to which it applies

Using the empirical distribution coefficient, coppemoval was rapid: 31% of the copper initiallydad to
the system was removed immediately via equilibrpartitioning onto particles, and the remaining 3@%
the water column within 3.3 days. In an alternatere conservative approach in which adsorbed coppsr
considered equally bioavailable to dissolved copymal copper was compared to the initial concentration
and the rapid removal benchmark was met 4.7 dags @pper addition.

Using the speciation calculation approach, modtresed distribution coefficients at the three pilues
were higher than the empirical value from the Cu &¥ument. As a result, 70% removal of dissolved
copper occurred instantaneously via initial pamiing for most test cases. The time required fd¥ 70
removal of total copper varied between 1.5 anddays.Therefore, for a generalized lake environment,
copper removal from the water column satisfies thalefinition for rapid removal of 70% dissolved
copper removal in 28 days.

Various water column sensitivity analyses were coted. These examined the effect of different logsli
(from the chronic ERVs up to 1 mg/L), increased D@dhcentration (from 2 to 15 mg/L) (Table 5 and
Figure 3) and lowered settling velocity (from 266@.24 m/d). The sensitivity analyses provided toial
support that copper is rapidly removed from theawablumn (70% within 28 days).

Table 5. Distribution Coefficients and Fraction Paticulate Values for Different pH Values at a DOC
Concentration of 15 mg/l?

Fraction Particulate

pH log Kp

(fi’art)
6.09 5.46 (5.36 —5.46) 0.810 (0.773 —0.813)
7.07 5.32(5.19-5.33) 0.757 (0.701 —0.761)
8.00 474 (472-4.74) 0.450 (0.441 —0.451)

*  Average over 28 days 1s indicated with range shown in parentheses.

Imtial Cu concentration was set at the pH-specific acute ERV
(Table 2-1)
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Figure 3. a) Dissolved and b) total copper removafrom the water column under different pH

conditions for a DOC concentration of 15 mg/L. Coppr speciation (including binding to POC) was
calculated using WHAM V in TICKET-UWM. The initial total copper concentration in the water
column, CTot(0), was set at the pH-specific acute ERV (Tabl@-1). The horizontal dashed line
representsC(t)/ CTot(0) = 0.3 or 70% removal of copper.

To examine the potential for remobilization of cepfrom sediments, a series of 1-year simulatioaszw
made. These focused on resuspension, diffusionbaridl to/from the sediment layer and their né¢@fon
copper concentrations in the water column. Forbidme case scenario, the default EUSES paramekers, p
water chemistry and acute ERV loading of\@8L were used. Sediment bulk and porewater cheynigis
specified based on data from Besser et al. (20@@mish waterways (Vangheluwe et al., 2000), and
sediment monitoring data from 1995 (Personal comacation with M. Vangheluwe, 2010). Rates of
resuspension, diffusion, and burial were set to EB&odel lake values. Remobilization from the sedim
was evaluated by examining the water column coppecentration response with and without feedback
from the sediment. Simulations were made with @n s&diment layer (Figure 4) as well as with anxiao
sediment layer (Figure 5) (with varying concentiasi of AVS) and varying resuspension rates (upOto 1
times the default EUSES model lake value).

100 1
10 F-mo s

14 -
014 o~
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\
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00001 + 4+
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= O = Total Copper
= O = Dissolved Copper

————— 70% Removal Concentration

Figure 4. Effect of resuspension rate on total andissolved copper concentration at day 15 in oxic
sediment
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Figure 5. Flux time series plots in anoxic sediment

For the oxic case, sulfide production and metdidwilprecipitation were not included. Metals cambstm
POC, HFO, and HMO in the sediment and precipitateabonates and/or hydroxides (Figure 6). For the
anoxic case, metal binding to HFO and HMO was moisered (Figure 7). Metals can sorb to POC and
precipitate as sulfides, carbonates, and/or hydes<iA model run was also made with empirical higtion
coefficients from the Cu RA document.

C+{0) = 10 ug/L C+{0)= 100 ug/L C+(0)= 1,000 ug/L
100%
5 W Dissolved Cu
S 90%
E 80% W Cu-POC
g 70% mCu-S
3 60% mCu-HFO
T 50% W Cu-HMO
©
: 40% W Cu-HO&C
S 30%
o
g 20%
& 10%
0% " " " T "
AVS (umol/g) = 9.1 1 9.1 1 9.1 1
Run ID

Figure 6. Summary of day 20 sediment copper speciah for initial copper concentrations of 10, 100,

and 1,000ug/L, in oxic sediment
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Figure 7. Summary of day 20 sediment copper speciah in anoxic sediment
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In the simulations without sediment feedback (ir@,resuspension or diffusion), water column tatadl
dissolved copper concentrations decreased rapialywathin 20 days of copper addition were more than
orders of magnitude below the concentration cooedimg to 70% removal (Figure 8). With feedbacle th
water column copper concentrations leveled off with0 days of addition as the resuspension antinggtt
fluxes set up a pseudo steady-state in the watemeo For the remainder of the simulation time, papwas
slowly depleted out of the water column / activalisent layer domain via the effect of burial. In
simulations with AVS present, copper in the sedimeas precipitated as insoluble copper sulfidedsoli
(CuS or CuS). In simulated sediments with AVS present in egaef copper, essentially all sediment copper
was present as copper sulfide precipitate. As altre$ this strong binding, the sediment &g greatly
exceeded the water column Igg and the net diffusive flux of copper was diredtat the sediment. For all
cases considered, the pseudo steady-state totafliasolved copper concentrations were lower than th
concentration corresponding to 70% removal. Reke@impson et al., 1998; Sundelin and Eriksson 1200
suggests that the potential for copper release fulfides and other sediment binding phases igdiiT his
supports the idea that additional metal immobil@atapacity afforded by sulfides in sediment Wil long-
lived. This indicates that the potential for copper remobiization from sediment is limited.

100

70% Removal

C(t) (ne/L)

=4
=

0.01

0.001 -+ T T y
0 100 200 300 400
Time (days)

= Tot. Cu wm Diss. Cu

Figure 8. TICKET-UWM simulations with water column isolated from the sediment (i.e., no
feedback/remobilization) for initial total copper equal to 35pg/L. The dashed line is at a concentration
corresponding to 30% remaining (70% removal) basedn the initial total concentration.

Various sediment sensitivity analyses were condu¢i@ble 6). These examined the effect of different
loadings (0.01, 0.1 and 1 mg/L), varying pH valuethe water column (6-8) and sediment (7-7.5)yney
hardness (factor of 2 variation), and decreasedmsed solids concentration (500 to 150 g/L). The
sensitivity analyses provided additional suppordttkthe potential for copper remobilization from the
sediment is limited.

Table 6. Copper Sediment Sensitivity Analysis Runs
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Removal Approach and — - Spnsiiin't_\' .Alml\'sis Run : _
Output Quantity Base Case * WCpH=6.094 | WCpH=7.073 | W .( pH=8.002 | Sediment solids | Hardness Hal'ldness
SedpH=7 SedpH=7 Sed pH =17.5 =150 g/Lyun %2 +2
Tot. Cu Range, ug/L° 0(5225729— 0.250 - 0.277 0.252 - 0.280 0.282-0313 0.905 - 1.00 06225729_ 06,235729_
Diss. Cu Range, pg/L " 06?0110145_ 0(-3?((3)(?93118_ 0.0105-0.0116 | 0.0403-0.0447 | 0.0378-0.0417 Od‘_)ollofﬁ' 00(_)0110146'
Total Settling IN, tonnes 636 636 636 636 1350 636 636
Total Resusp. OUT, tonnes 277 277 277 277 994 277 277
Total Diffusion NET, tonnes © 0.0397 0.0280 0.0352 0.108 0.0699 0.0397 0.0397
Total Burial OUT, tonnes 340 34.1 340 340 338 341 34.0
Water column log Kp, L/kg ® 6.19 6.29 6.19 5.60 6.18 6.19 6.19
Sediment log Kp, Lkg ® 138 138 138 138 144 138 13.7
(T:;l;f)‘;rcffg" dR:;:"“l 1.72 2.10 213 233 1.73 1.72 172
[0.3%Cr(0))/Max QSS C1* 107 108 107 98.5 300 107 107

a

Select simulation parameters: water column pH 7.07; sediment pH 7.56; anoxic sediment with AVS = 1 pmol/g, setthng veloeity 2.5 m/d; imtial Cu
concentration = 0.1 mg/L; Cu,S 1s the potential copper sulfide precipitate
Ranges and average are based on data from the quasi-steady state period of the simulation.

b

c

This number 15 the diffusive flux mtegrated over the enrire 365-day sumulation. Negative diffusive flux values are directed out of the sedument and
positive diffusive flux values are directed into the sediment.

This quantity is the ratio of the total Cu concentration representing 70% removal (0.3xCy(0)) to the maximum total concentration during the quasi-
steady-state period (Max QSS Cy). This is meant to give an indication of where sustained water column concentrations lie relative to the 70% removal
benchmark.

TICKET-UWM Testing with Laboratory and Field Datasets

The ability of the TICKET-UWM to described coppemoval in laboratory and field systems was evatlate
using data from

1. Two shallow lakes in the Limousin region of Franteke Courtille and the Saint Germain les
Belles Reservaolr.

A mesocosm study using large enclosures in Lakdeg@l (Lucerne, Switzerland).

A microcosm study conducted at the Fraunhofer tuitstifor Molecular Biology and Applied
Ecology (IME).

Lake Courtille and the Saint Germain les BellesdRasir were dosed with copper sulfate (Cu$S8,0) to
control the algae population and the copper conatons in the water column were monitored (Van
Hullebusch et al., 2002a, 2002b, 2003a, 2003b, @0@bserved dissolved and total copper removal
from the two waterbodies was rapid. For Lake Courtile, 70% removal of dissolved and total copper
occurred 15 and 17 days after copper addition, regetively (Figure 9). For the Saint Germain, 70%
removal of dissolved and total copper occurred 1.2nd 7 days after copper addition, respectively
(Figure 10).
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Figure 9. Comparison of TICKET-UWM output (lines) and measured data (points) for copper in the
water column of Lake Courtille: EUSES scenario. Moel results are from a) the EUSES scenario
(water column Ky 10" L/kg; sediment Ky = 10"*° L/kg, and settling velocity = 2.5 m/d) and b) the
EUSES scenario with the settling velocity reducet0.70 m/d.
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Figure 10. Comparison of TICKET-UWM output (lines) and measured data (points) for copper in the
water column of the Saint Germain les Belles Resernir: EUSES scenario. Model results are from a)
the EUSES scenario (water column K 10"*® L/kg; sediment Kp = 10°*° L/kg, and settling velocity = 2.5
m/d) and b) the EUSES scenario with the settling lecity reduced to 1.02 m/d.

For the model testing, physical and chemical patarseserving as input for the TICKET-UWM were
specified based on measurements in Van Hullebuseth €2002a, b; 2003a, b, c). TICKET-UWM input
parameters not directly measured in the studiedy aa settling velocity and burial rate, were eaegional
values from the EUSES model lake. Copper partitigrio suspended solids was described using the two
approaches discussed above as well as using arvetddegKp based upon data from the actual sites. While
the settling velocity was initially set at the EUSEiodel lake value of 2.5 m/d, it was adjustedexessary

to optimize the model fit to the measured data.

Key findings from model testing with the Lake Calletand the Saint Germain les Belles Reservoiaskets
include the following:

» The Cu RA logKp was more consistent with observed values tharKlpgalues resulting from

TICKET-UWM speciation calculations. These tendedot@restimate the extent to which copper
binds to particles;

» Predicted copper removal rates with the EUSESirsgttlelocity value of 2.5 m/d were notably
higher than observed; and

* Reasonable model fits to the data were achievedu seittling velocities between 0.68 and 1.02 m/d.

These values are within the settling velocity ranige organic particles indicated by Burns and Rosa
(1980) and O’Connor (1988).
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The MELIMEX (MEtal LIMnological EXperiment) study & undertaken to study the effects of increased
metal loading (relative to natural levels) on ladne biota and investigate the speciation, distidn and
fate of added metals (Gachter, 1979). The expetinvems conducted in Lake Baldegg (Lucerne,
Switzerland) using large enclosures called limnoale (12 meters in diameter and 10 meters deep) to
isolate portions of the lake water column and sedinfor study. Copper was added continuously to the
limno-corrals and periodically the water column vgasnpled at several depths. The samples were adalyz
for several water quality parameters includingltatad dissolved copper (Figure 11).
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Figure 11. Comparison of TICKET-UWM output (lines) and measured data (points) for a) total and b)
dissolved copper in the water column of the MELIMEX limno-corral(s): EUSES scenario (water
column Kp 104.48 L/kg; sedimentKp = 104.39 L/kg, and settling velocity = 2.5 m/d). k&served
epilimnetic total copper values from limno-corral L2 are indicated with points while the estimated
concentration over the entire water column are dened with whiskers. Dissolved values are averaged
over the entire water column of L1 and L2.

This study involved continuous copper addition nolesures and the associated response was ansedrea
copper in the water column. The performance of T @KET-UWM was evaluated based upon its ability to
reproduce the copper increase in the water coluionaddress the rapid removal benchmark, additional
TICKET-UWM simulations (referred to as post-loadisignulations) were made in the absence of copper
loading. The initial copper concentration for thegaulations was the final model-predicted concditns
from the continuous load runs.

For model testing, physical and chemical parametengng as input for the TICKET-UWM were specified
based on measurements from the study itself. TICKEVM input parameters not directly measured in the
studies were set to regional values from the EUSB®8el lake. Baccini et al (1979a) estimated aKgg
value and settling velocity of 4.12 and 0.2 m/dpextively, for the limno-corrals.

Key findings from model testing with the MELIMEXugty dataset include the following:

» Using the above lodlp and settling velocity, a reasonable fit to theested copper data was
achieved (Figure 12);

* As was the case for Lake Courtille and the Saint@ les Belles Reservoir, the experimental data
were well-described using settling velocities mdiikdower than the EUSES default value of 2.5
m/d;

* TICKET-UWM speciation calculations tended to ovéireate the lop; and

» For many of the post-loading simulations, the rapitioval benchmark was not met (Figure 13).
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Figure 12. TICKET-UWM output (lines) and measured data (points) for a) total and b) dissolved
copper in the water column of the MELIMEX limno-corral(s): Observed Ko and settling velocity
scenario. Model simulations use experimentally-estiated values for the water columrKp (104.12L/kg)
and settling velocity (0.2 m/d) are indicated withsolid lines. Model output with increased settling
velocity of 0.28 m/d are shown with dashed lines.l88erved epilimnetic total copper values from limno-
corral L2 are indicated with points while the estimated concentration over the entire water column are
denoted with whiskers. Dissolved values are averagi@ver the entire water column of L1 and L2.
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Figure 13. a) Total and b) dissolved copper TICKETUWM results from post-loading simulations for
the observedKp and settling velocity scenario. Model simulationsise the experimentally-estimated
values for the water columnKp (104.12 L/kg) and settling velocity (0.2 m/d). Thelue and red dashed

lines refer to simulations with the settling velody increased to 0.28 m/d. The horizontal black dasd
line denotes 70% copper removal.

However, because of the low settling velocity, lolstribution coefficient, and low suspended solids
concentration (relative to the EUSES value), tieddftest case is more representative of a “waaset
scenario for copper removal from the water columd therefore not necessarily an appropriate fietd t
case to compare to the rapid removal definition.

A microcosm study was undertaken at the FraunHo#itute for Molecular Biology and Applied Ecology
(IME) to study the effects of continuous copper asyre on aquatic organisms (Schafers, 2003).
Microcosms were filled with water and sediment eciéd from a manmade pond near Schmallenberg-
Oberkirchen, Germany and dosed to achieve sixrdiffenominal concentrations: 5, 10, 20, 40, 80, H6@
ug/L. Model testing was performed using dissolvegpsy data sampled 1, 24, and 48 hours after copper
addition and total copper data sampled 24 houes aftidition.Based on half-lives calculated from the
measured dissolved copper data, the time requiredof 70% copper removal (relative to the initial

nominal copper concentration), is between 2.4 and.& days. This is consistent with the definition for
rapid removal.
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For the model testing, physical and chemical patarseserving as input for the TICKET-UWM were
specified based on measurements from the studif. iTBECKET-UWM input parameters not directly
measured in the studies were set to regional vétoesthe EUSES model lake. Initial copper was #just
in the model by 1) setting the initial total copgencentration to the nominal copper concentraioreach
microcosm, and 2) setting the initial total coppeproduce the initial dissolved concentration aptiated
from measured values at 1, 24, and 48 hours afgrer addition.

Key findings from model testing with the IME miciasm study dataset include the following (Figure 14)

By optimizing settling velocities in the simulat®rior the 80 and 16Qg/L microcosms, general
agreement between model-predicted and experimdissblved copper removal rates was observed
in each of the examined partitioning scenariosiaitil copper specification approaches.

For the 5, 10, 20, and 4@/L microcosms, optimization of the model fit teetbata when the initial
total copper was set at the nominal values was boatpd by measured total copper concentrations
above the nominal value.

With initial dissolved copperCy(0), specified in TICKET-UWM by extrapolation fromeasured
data, agreement between model-predicted and expataindissolved copper removal rates was
observed for all microcosms once the settling vgtagas optimized.

Optimized settling velocities for simulations usitig logKp calculated from experiment data and
the log Kp obtained from TICKET-UWM speciation calculationsene 0.67 and 0.89 m/d,
respectively. These values are consistent withréinge observed in the Lake Courtille and Saint
Germain les Belles (0.68 — 1.02 m/d) and the rasgeciated with POC (Burns and Rosa, 1980);

Unlike model applications to Lake Courtille, Said¢rmain les Belles Reservoir, and the MELIMEX
mesocosms, TICKET-UWM speciation calculations fdre t IME microcosms tended to
underestimate the Id¢p;

Both model simulations (i.e., wit@d(0) specified) and measured data indicate rapitbval of
dissolved copper; and

The relatively shallow depth of the microcosms @9 favors rapid removal.
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Figure 14. Comparison of TICKET-UWM output (lines) to measured data (points) for total copper
(blue squares and lines) and dissolved copper (redrcles and lines) in the water column of the IME
microcosms for the EUSES scenario with optimized ##ng velocities. The horizontal black dashed
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line denotes 70% dissolved copper removal relativie the nominal value.

Conclusions

In this study, simulations with the TICKET-UWM weneade for a generalized lake environment (EUSES
model lake) and for four different surface watesteyns including a lake, a reservoir, a large enctos a
lake, and laboratory microcosms. The aims of tlesdyses were to assess the removal of coppeivectat

the rapid removal definition and to test the apitif the TICKET-UWM to describe copper dynamicdtie
water column of lake systems to confirm its usa asreening level copper risk assessment tool.

The conclusions from this work are as follows:

For a generalized lake environment consisting el BlWSES model lake parameters, copper removal
from the water column satisfies the definition fapid removal of 70% dissolved copper removal in

For all sediment remobilization scenarios testeel piseudo steady-state copper concentrations
resulting from sediment feedback are markedly lowem that corresponding to 70% removal
suggesting that the sediment copper remobilizagmantial is limited;

In simulations with AVS present, copper in the ssahit was precipitated as an insoluble copper
sulfide solid (CuS or G&). In simulated sediments with AVS present in egcef copper,
essentially all sediment copper was present asecopgfide precipitate. As a result of this strong
binding, the sediment logp greatly exceeded the water column Kqgand the net diffusive flux of
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copper was directed into the sediment. Researohp&in et al., 1998; Sundelin and Eriksson, 2001)
suggests that the potential for copper release salfides and other sediment binding phases is
limited. This supports the idea that additional ah@nhmobilization capacity afforded by sulfides in
sediment will be long-lived.

* The above findings for the generalized lake envirent support "rapid removal of copper-ions,”
equivalent to “biodegradation of organic substahces

* For the whole-lake spike addition studies (Lake i@bei and Saint Germain les Belles Reservoir),
TICKET-UWM results, in concert with the measuredadandicate rapid removal of copper (i.e.
greater than 70% in 28 days);

* For the relatively shallow IME microcosms, both rabdimulations (i.e., with the initial dissolved
copper specified) and measured data indicate rapidval of dissolved copper.

* Hypothetical TICKET-UWM simulations modeling themeval of copper in the MELIMEX limno-
corrals following termination of copper loading icalte relatively slow copper removal. However,
because of low settling velocity, low distributiooefficient, and low suspended solids concentration
(relative to the EUSES value), this field test casmore representative of a “worst-case” scenario
for copper removal from the water column and theeehot necessarily an appropriate field test case
to compare to the rapid removal definition.

* In most cases, the EUSES settling velocity produwetk rapid copper removal that observed.

* The TICKET-UWM (with linear partitioning calculatis) provided satisfactory descriptions of
copper dynamics in the water column of Lake Cdattthe Saint Germain les Belles Reservoir, and
the IME microcosm study with calibrated settlingoggties ranging from 0.67 to 1.02 m/d. This
range is consistent with the range associated M2 (Burns and Rosa, 1980). For systems lacking
information on settling rates, use of a settlintpeity within this range may be more justified than
the EUSES settling velocity.

* With the exception of the IME microcosm study, TIERUWM speciation calculations using
WHAM V and surface complexation model overestimathd log Kp for copper binding to
suspended solids. Additional work is necessary) tmddify the TICKET-UWM codebase to allow
for flexibility in the humic/fulvic acid compositiv of particulate organic carbon (POC), 2)
determine a set of model input parameter guidelfeegs HA/FA acid composition, fraction active,
etc.) that allows for more accurate calculationthefdistribution coefficient in WHAM V.

» The study confirms that a relatively simplistic rebde.g. one water column cell and one sediment
layer) can be used to simulate copper fate in theemcolumn of lakes in a reasonably accurate
manner. The critical issue is accurate parameteizaf the characteristics and processes assdciate
with the water body, particularly metal partitiogiand particle settling velocity.

RMS opinion:

The principle of rapid removal is based on the ligesis that metal speciation transformation in reedi
leads to less or non-toxic forms. Speciation ofpawpn sediment is indeed well known, but there hinig
however remain uncertainty on copper toxicity todgarsediment-dwelling organisms as no toxicity
thresholds are set for classification, and no cemmpa can be done with aquatic organisms for endpaire
expressed in different units. For information, lre thiocide RAR, the H{based on a data set of NOEC
values for sediment-dwelling organisms was 19 mgéd

Apart from that general comment, RMS considersntibelel TICKET-UWM as globally well designed and
tested. Indeed, several simulations were conduat@dder to assess the sensitivity of parametersh as
suspended solids, DOC, pHpK AVS in sediments could be a matter for disaussior an increase of AVS
amount leads a lower toxicity to aquatic organisi@wever, a low amount of AVS was considered in the
model (0.77 pmol/g, see Table 2). It can therelb@reonsidered that a worst case was assessed.

The concentration tested with the model TICKET-UWMresponds to 35 pg/L, the highest endpoint value
(acute toxicity at pH7). Nevertheless, in the EURRAN especially the appendix “K1: classificatidioute
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and chronic ecotoxicity data on soluble copper igs2mf the EU-RAR of copper compounds, the acute
toxicity at pH7 is reported at 47 pg/L. Moreovertist latest concentration is covered by the simofati
carried out at 0.1 mg/L and 1 mg/L representingctlteoff values for chronic classification as definn the
CLP guidance.

RMS is therefore of the opinion that copper fulftie criteria of rapid removal, as more than 70%ayper
is removed from the water column within 28 days.

Moreover, it is also demonstrated in the study thatpotential for copper remobilization from sedimhis
limited in oxic and anoxic conditions.

5.2 Environmental distribution

5.2.1 Adsorption/Desorption

The adsorption studies submitted were reviewedénHU monograph and were not accepted, as
they are not believed to be relevant. Thereforejmfiormation about the sorption properties of
copper could be used.

Column leaching studies were performed on four Garsoils with an applied dose equivalent to
18.1 kg copper/ha. Soils were leached with 393 fndesionised water over 48h at 20°C. Levels of
copper measured in leachates were not significafiffigrent between control and treated soils.
Results showed that most of applied copper remaméte top 6 cm of the soils.

In the EU VoluntaryRisk assessment of Copper compounds, it was stadeadsorption of copper
to soil, sediment, colloids and suspended partiplags an important role for the behaviour of
copper in the environment. Inorganic particles sashclay minerals and iron, manganese and
aluminium oxides, as well as organic materials,stitute the principal adsorbents for copper in
water, sediment and soil (Landner and Lindestr680)1.9

pH and organic matter are the most important abifaictors affecting the adsorption of copper.
Copper adsorption increases with pH. Organic matéstricts heavy metal movement and
availability, even under very acidic conditions [@iyand McBride 1982).

5.2.2 Volatilisation

Not relevant for copper.

5.2.3 Distribution

According to the EU Risk assessment of Copper camg® the most important parameters
determining the distribution of copper in the agquanhd soil compartments is adsorption onto solid
materials and therefore the copper partitioningffaments. From the literature overview, the
following partitioning coefficients have been dexilvfor Cu metal and Cu compounds:

Partition coefficient in suspended matter
Kpsusp = 30,246 I/kg (log Kp (pm/w) = 4.48) (5@trcentile)
Partition coefficient in sediment

Kpsed = 24,409 I/kg (log Kp(sed/w) = 4.39) (5pdrcentile)
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Partition coefficient in soil

Kpsoil =2 120 I/kg (log Kp (soil/w) = 3.33) (50fercentile)

5.3  Aguatic Bioaccumulation
5.3.1 Aquatic bioaccumulation

5.3.1.1Bioaccumulation estimation

Based on its log Pow of 0.44, no concern over aatemgial for bioaccumulation could be
concluded for copper compounds. No study is theeetvailable to determine bioconcentration
factors in fish.

Because of homeostasis of metals in vertebrated; B&lues are not indicative of potential
bioaccumulation.

The copper Risk Assessment Report (2008) provie¢aildd information on (1) the essentiality of
copper; (2) the homeostatic control of copper;tli&) mechanisms of action of copper-ions; (4) the
comparison between copper toxicity from dietarysusrwaterborne exposures.

These data demonstrate that:
- Copper is an essential nutrient for all living argans

- Copper ions are homeostatically controlled in aljamisms and the control efficiencies
increase with trophic chain. As a consequence,
0 copper BCF/BAF values
» decrease with increasing exposure concentratioate(vand food)
» vary depending on nutritional needs (seasonalstdge, species dependent)
= vary pending on “internal detoxification” mechansm
o Copper BMFs values are <1

Water-borne exposure (not diet borne exposurdjei®kposure route critical to copper toxicity.

5.3.1.2Measured bioaccumulation data

None

5.3.2 Summary and discussion of aquatic bioaccumulation

Taking into account homeostasis phenomenon, nefffoerccumulation nor biomagnification are
expected for copper compounds.
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5.4  Aquatic toxicity

This section was also completed with the informatavailable under the EU Voluntary risk
assessment of Copper compounds.

A proposal for classification was carried out withthe framework of the EU Voluntary risk
assessment of Copper compounds. This work is ddtail*Appendix K1: classification: Acute and
chronic ecotoxicity data on soluble copper specie§’the EU-VRAR (Existing Substances
Regulation) of Copper, Copper Il sulphate pentaatgdr Copper (I) oxide, Copper (II) oxide,
Dicopper chloride trihnydroxide (2008). However,sthwork has never been discussed in a technical
group competent for classification.

A large copper database was taken into accounetermdine the proposal of classification. Data
were selected using both reliability and relevacr@erion.

When more than one acceptable test is availabl¢ghioisame species the geometric mean of the
toxicity values was used as representative toxidle for that species. Considering the crucial
importance of pH of the test media on the coppéubsidy and ecotoxicity, for the acute and
chronic toxicity endpoints, 3 pH categories weistidguished within the acute and chronic
ecotoxicity database: pH 5.5-6.5, >6.5-7.5 and -8/

The lowest species mean-specific acute LEgEDd chronic NOEC was selected as final hazard
classification entry at the three pH levels. Ak ndpoints issued from the EU-RAR are expressed
as dissolved copper.

5.4.1 Fish

5.4.1.1Short-term toxicity to fish

According to the EU Voluntary risk assessment op@ compounds, 249 individual data points
for fish were selected for 5 standard sped@scporhynchus mykiss, Pimephales promelas, Lepomis
macrochirus, Brachydanio reriand Cyprinus carpio).When evaluating the high quality L(E)C
values at the three pH classes, sufficient datéhie3 pH classes were found for 3 fish spedies (
mykiss, P. promelas, L. macrochiyus

As expected, an increased 4gQvith increasing pH was noted for these fish specidhe lowest
recorded geomean Lgvalue (0.0081 mg Cu/L) was recorded Rorpromelagested in ecotoxicity
media with low pH (between 5.5 and 6.5).

The results are presented in the table here below:

Test organism L(E)Cso (mg/L)
pH: 5.5-6.5 | pH: >6.5-7.5| pH:>7.5-8.5 All pHs

Oncorhynchus mykiss
ni|6 19 28 33
Min | 0.0042 0.0028 0.0095 0.0028
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Max | 0.0820 0.8900 0.5160 0.8900
Geometric mean| 0.0290 0.0594 0.1030 0.0734
Brachydanio rerio
n |/ 3 1 4
Min |/ 0.0350 0.1490 0.0350
Max |/ 0.1200 0.1490 0.1490
Geometric mean| / 0.0740 0.1490 0.0880
Cyprinus carpio
n |/ / 2 2
Min |/ / 0.8000 0.8000
Max |/ / 0.8100 0.8100
Geometric mean| / / 0.8049 0.8049
Pimephales promelas
n|2 32 170 204
Min | 0.0044 0.0059 0.0124 0.0044
Max | 0.0150 1.4000 1.0600 1.4000
Geometric mean| 0.0081 0.2140 0.2181 0.1793
Lepomis macrochirus
ni|l1 2 3 6
Min | 0.7100 1.0000 4.2500 0.7100
Max | 0.7100 1.1000 9.1505 9.1505
Geometric mean| 0.7100 1.0488 5.5093 2.2524

5.4.1.2Long-term toxicity to fish

According to the EU Voluntary risk assessment gp@ compounds, 29 individual data points for
fish were selected for 3 standard speci@ndporhynchus mykiss, Pimephales promedasi
Salvelinus fontanilis No chronic toxicity values for fish were gatheia pH 5.5-6.5.

The results are presented in the table here below:

Test organism NOEC (mg/l)
pH: 5.5-6.5 pH: >6.5-7.5 pH: >7.5-8.5 All pHs
Oncorhynchus mykiss
n |/ 4 1 5
Min |/ 0.0022 0.0160 0.0022
Max |/ 0.0450 0.0160 0.0450
Geometric mean| / 0.0161 0.0160 0.0161
Pimephales promelas
n |/ 5 10 15
Min |/ 0.0048 0.0145 0.0048
Max |/ 0.0106 0.3380 0.3380
Geometric mean| / 0.0077 0.0419 0.0239
Salvelinus fontanilis
n |/ 9 / 9
Min |/ 0.0070 / 0.0070
Max |/ 0.0490 / 0.0490
Geometric mean| / 0.0161 / 0.0161
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5.4.2 Aquatic invertebrates

5.4.2.1Short-term toxicity to aquatic invertebrates

According to the EU Voluntary risk assessment gpi@ compounds, 91 individual data points for
aguatic invertebrates were selected for 2 standaeties Ceriodaphnia dubia and Daphnia
magna).Sufficient data for the 3 pH classes were foundliese 2 invertebrate species.

The results are presented in the table here below:

Test organism L(E)Cso (mg/L)
pH: 5.5-6.5 | pH: >6.5-7.5| pH:>7.5-8.5 All pHs
Daphnia magna
n |7 11 52 70
Min | 0.0338 0.0070 0.0098 0.0070
Max | 0.3600 0.7920 0.5290 0.7920
Geometric mean| 0.0657 0.1056 0.0550 0.0620
Ceriodaphnia dubia
n 4 4 13 21
Min | 0.0095 0.0280 0.0085 0.0085
Max | 0.0560 0.0840 0.2000 0.2000
Geometric mean| 0.0344 0.0473 0.0298 0.0344

5.4.2.2Long-term toxicity to aquatic invertebrates

According to the EU Voluntary risk assessment gpi@ compounds, 19 individual data points for
aguatic invertebrates were selected for 2 standaeties Ceriodaphnia dubia and Daphnia
magng. Sufficient data for the 3 pH classes were fofordhese 2 invertebrate species.

The results are presented in the table here below:

Test organism NOEC (mg/L)
pH: 5.5-6.5 pH: >6.5-7.5 pH: >7.5-8.5 All pHs
Ceriodaphnia dubia
n |1 4 5 10
Min | 0.0200 0.0040 0.0063 0.0040
Max | 0.0200 0.0190 0.1220 0.1220
Geometric mean| 0.0200 0.0074 0.0259 0.0151
Daphnia magna
n |2 1 6 9
Min | 0.0215 0.1810 0.0126 0.0126
Max | 0.0280 0.1810 0.1060 0.1810
Geometric mean| 0.0245 0.1810 0.0455 0.0463
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5.4.3 Algae and aquatic plants

According to the EU Voluntary risk assessment op@» compounds, 17 individual acute data
points for algae were selected for 1 standard spdRaphidocelis subcapitatajpufficient data for
the 3 pH classes were found for this species.

The results are presented in the table here below:

Test organism L(E)Cso (mg/L)
pH: 5.5-6.5 | pH: >6.5-7.5| pH:>7.5-8.5 All pHs

Raphidocelis subcapitata

n|2 3 12 17
Min | 0.1520 0.0320 0.0129 0.0129
Max | 0.1940 0.1631 0.2453 0.2453
Geometric mean| 0.1717 0.0760 0.0618 0.0723

According to the EU Voluntary risk assessment op@ compounds, 28 individual chronic data
points for algae were selected for 2 standard spe@laphidocelis subcapitatand Chlorella
vulgaris). Sufficient data for the 3 pH classes were foundtiese 2 species.

The results are presented in the table here below:

Test organism NOEC (mg/L)
pH: 5.5-6.5 pH: >6.5-7.5 pH: >7.5-8.5 All pHs
Chlorella vulgaris
n |5 7 4 16
Min | 0.0875 0.0211 0.0225 0.0211
Max | 0.3055 0.1097 0.1009 0.3055
Geometric mean| 0.1867 0.0683 0.0557 0.0889
Raphidocelis subcapitata
n |1 3 8 12
Min | 0.0947 0.0529 0.0157 0.0157
Max | 0.0947 0.0655 0.1640 0.1640
Geometric mean| 0.0947 0.0598 0.0345 0.0431

5.5  Comparison with criteria for environmental hazards (sections 5.1 — 5.4)

The acute and chronic reference values for ageagianisms issued from the EU risk assessment
for Copper compounds are presented in the tabtebel

pH range Reference values

L(E)Cso (mg/l) NOEC (mg/l)
pH 5.5-6.5 0.0292 0.0200
pH >6.5-7.5 0.0473 0.0074
pH >7.5-8.5 0.0298 0.0160

Taking into account the recommendations of the @weé to Regulation (EC) No 1272/2008
Classification, Labelling and Packaging of subsésnand mixtures, a transformation/dissolution of
a typical copper powder was tested in accordanttestdraft OECD T/D protocol.
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Nevertheless, transformation/dissolution data ao¢ available for the coated copper flakes,
therefore the surface release equation for coppeder, developed by Skeaff and Hardy, 2005 and
presented in the UE RAR of copper compound has bsed.

The copper powder was characterised by a screéacsuarea of 0.048 7y (measured by sieving).
The surface area measured by the BET method W@z Aflg. Samples of this copper powder were
tested at pH 6 at two loading (1 and 100 mg/l) for days. The results of this
transformation/dissolution data are given in thpemalix K2 of the EU Voluntary Risk assessment of
Copper compounds. The 7 days data for the fives t@gh the copper powder corresponded to the
non-linear equation:

calc ?

Conag = 8.9246A%5%% * = 0.905

At a loading of 1 mg/l, the surface area of thetedaopper flakes (2080-2900 rfithfalls within

the boundaries of the surface loadings tested afSland Hardy (2005) and the equation was
therefore used to assess the need for acute aasisih of coated copper flakes, at pH 6 (worst
case). The table below summarizes the estimatetwsftrianation/dissolution of coated copper
flakes.

Estimated Transformation/dissolution of coated copper flakes

loading loading Time mg dissolved Cu/I

2 Comment
(mg/l)  (mm7/l)  (Days) | p¢pHe | AtpH7 | AtpHS
Calculated T/D of 10 um powder from
1 2080 7 0.691 - - C168 )= 8.9246 A0-56%

Cu(aq calc
(Skeaff and Hardy, 2005)
Calculated T/D of 10 um powder from

1 2900 7 0.836 - - Cé?f(iaq) = 8.9246 A056%

calc

(Skeaff and Hardy, 2005)

5.6  Conclusions on classification and labelling for envonmental hazards (sections 5.1 —
5.4)

Conclusion of environmental classification accordig to Requlation EC 1272/2008

Taking into account the recommendations of the Ariveof the Guidance to Regulation (EC) No
1272/2008 Classification, Labelling and Packagihgubstances and mixtures, the ratio between
the copper release after 7 days T/D at a loadingy wifg/L at pH 6 (0.7 to 0.84 mg Cu/l) and the
acute ERV (0.0292 mg Cu/l) ranges between 24 andT®@refore, this compound is considered as
ready soluble metal compound

For acute toxicity classification, the lowest ERMed copper flakd0.0292 mg/l) is below the trigger
value of 1 mg/L which lead to the aquatic environtaé hazard acute category 1, H400. An M-
factor of 10 should also be applied.

For chronic toxicity classification, there is evide of rapid removal from water column. The
lowest chronic ERWoated copper laké0.0074 mg/L) is below the trigger value of 0.0¢/mwhich
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leads to the aquatic environmental hazard chraatiegory 1, H410. An M-factor of 1 should also
be applied.

RAC evaluation of environmental hazards

Summary of the Dossier Submitter’s proposal

Copper flakes do not have a current harmonised classification according to CLP. The dossier
submitter (DS) proposed to classify the substance as Aquatic Acute 1 - H400, M=10 and as
Aquatic Chronic 1 - H410, M=1. Copper flakes are considered to be a readily soluble metal
compound because the ratio between the estimated copper release from copper flakes (based
on the surface release equation for copper powder) after 7 days transformation/dissolution
(T/D) at a loading of 1 mg/L at pH 6 (0.7 to 0.84 mg Cu/L) and the acute Ecotoxicity
Reference Value (ERV) of 0.0292 mg Cu/L ranges between 24 and 28, respectively. The water
solubility is characterised by the following figures - pH 7: 0.27 mg/L at 20°C and 0.32 mg/L at
30°C; pH 4: 20°C = 192 mg/L, pH 9: 20°C = 0.13 mg/L. The solubilisation results in the
oxido-reduction reaction of the copper metal into ionic copper: Cu (0) — Cu (I) — Cu (II).
These reactions are promoted at low pH conditions.

For aquatic acute classification, the lowest ERV (0.0292 mg/L) was considered to be below the
trigger value of 1 mg/L which led to the aquatic environmental hazard Acute Category 1,
H400. An M-factor of 10 was also proposed by the dossier submitter.

In order to demonstrate removal from the water column (> 70% removal within 28 days) to
assess the “persistence” or lack of degradation of metal ions the DS considered information
provided by the copper task force (Rader, 2013). Evidence of rapid removal from the water
column was based on the TICKET-Unit World Model (UWM), which describes partitioning to
dissolved organic carbon, particulates, etc., deposition and transformation to sulfides in
sediment. Together with evidence from field studies, the dossier submitter considered that this
provides a satisfactory description of copper ion dynamics, and was therefore of the opinion
that more than 70% of dissolved copper (II) ions are removed from the water column within
28 days, i.e. that dissolved copper compounds are rapidly removed. The potential for copper
remobilisation from sediment was expected to be limited in oxic and anoxic conditions.

For aquatic chronic classification, the dossier submitter proposed that rapid removal of copper
flakes from the water column can be demonstrated. The lowest chronic ERV (0.0074 mg/L)
was below the trigger value of 0.01 mg/L which lead to the aquatic environmental hazard
Chronic Category 1, H410 with an M-factor of 1.

Comments received during public consultation

Six comments were submitted on the environmental part of the dossier submitter’s proposal,
of which four MSCAs provided extensive comments challenging the DS’s proposal to apply the
rapid removal concept in the assessment.

Two industry associations pointed to disagreements in the selection and interpretation of
ecotoxicity data between the CLH report and the REACH registration dossier. The associations
agreed with the proposed acute classification (Aquatic Acute 1, M=10) but not with the chronic
classification (Aquatic Chronic 1, M=1) and suggested Aquatic Chronic 2 for copper flakes. One
of the industry associations provided new information concerning 7 and 28 days T/D tests on
coated copper flakes (KU 7600 standard material; D50: 9-11 ym) (Schaefers, 2013) according
to OECD guidance document 29 (2001). The measured copper concentrations after the 7 days
T/D test performed with a concentration loading of 1 mg/L and at pH 6 and 7 were 0.721 and
0.363 mg/L, respectively. Similarly, the final concentrations in the 28 days test at pH 6 and 7
were 0.773 and 0.639 mg/L, respectively. Therefore, their conclusion was that classification as
Aquatic Chronic 2 was justified by the results from the T/D test by using the worst-case pH 6
T/D estimate (i.e. the measured 0.773 mg/L at 1 mg/L loading converted by linear
extrapolation to 0.077 mg/L at 0.1 mg/L loading and to 0.007 mg/L at 0.01 mg/L loading) or
even by considering full solubility in comparison with the lowest chronic ERV of 0.016 mg Cu/L
(pH 8) together with the rapid removal of copper flakes from the water column. Four MSCAs
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objected to the use of the TICKET-UWM, for several reasons. Among them the fact that the
model is designed for shallow lakes (so is not representative of turbulent or flowing systems or
circumstances where sediment is not present), it includes significant assumptions about
transformation to sulfides, and uses default assumptions for factors (like concentration of the
particulate matter) that may vary spatially and temporally. One MSCA pointed out that
dissolution data for copper (II) oxide (CuO) show an increase in dissolved copper ion
concentrations by a factor of four between day 7 and day 28 at a loading rate of 1 mg/L, which
does not suggest rapid transformation to less soluble forms. The lack of an existing
international agreement about how to apply the rapid removal concept was also highlighted
(including by one other CA, although they did not object to the approach taken). These four
CAs therefore indicated that dissolved copper (II) ions should not be considered to be rapidly
removed from the aquatic environment, and that the proposed chronic M-factor should
therefore be 10 rather than 1. In response, the dossier submitter agreed that copper (II) ions
cannot currently be considered to be rapidly removed from the water column, and proposed
changes to the proposed classification accordingly.

In addition, in several comments, MSs requested changes to, or better justification of, the
selection of the lowest ecotoxicity data values, since there appeared to be discrepancies
between some of the source documents and the way the information was summarised in the
CLH report. Some of the differences were related to the use of geometric means rather than
the lowest value for a species, and in other cases it was due to uncertainties about whether
the cited data referred to the compound itself or to the metal ion. Furthermore one CA pointed
out that it may be appropriate to apply the surrogate approach, since there is no chronic test
result available for the most sensitive species (Pimephales promelas) in the acute tests. In
addition, the same CA noted that there are data on other invertebrate species and it was not
clear why these were not included in the CLH report. Moreover, considering the amount of
ecotoxicological data available for copper, it was proposed to use the species sensitivity
distribution (SSD) curve for each trophic level for both short and long-term effects.

One MSCA requested clarification on whether copper flakes are considered as metal or as
metal compound since the classification strategies for both seem to have been followed in the
CLH report.

Another MSCA suggested that an explicit statement should be included that nano-forms should
be considered separately.

Additional key elements
The following additional details (Tables 1 to 3) were not included in the CLH report but were
extracted by RAC from the voluntary Risk Assessment Report (VRAR, 20082).

Table 1. Ecotoxicity information extracted from Table 3-11 in chapter 3.2 of the VRAR (2008).

Taxonomic Non-normalised “species mean” NOEC values (pg Cu/L)
group
Algae 43.1 (Pseudokirchneriella subcapitata, n=12; growth); 138.0 (Chlorella

vulgaris, n=17; growth); 79.8 (Chlamydomonas reinhardtii, n=4; growth)

Higher plants 30.0 (Lemna minor, n=1; growth)

Rotifer 33.5 (Brachionus calyciflorus; n=4; intrinsic rate of growth)

2 The voluntary Risk Assessment Report for Copper @opper compounds was prepared by the Europeape€op
Institute (ECI) and discussed by EU Member States @Ader the Existing Substance Regulation ((EEC)7Big/93
(ESR)) (subsequently adopted for biocide applicetiand REACH CSRs).
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Molluscs 8.0 (Campeloma decisum, n=2; mortality); 6.0 (Juga plicifera, n=1; mortality);
19.1 (Villosa iris, n=1; mortality); 18.3 (Dreissenia polymorpha, n=2; filtration
rate)

Cladocerans 13.1 (Ceriodaphnia dubia, n=10; reproduction); 12.6 (Daphnia magna, n=1;
growth); 14.5 (Daphnia pulex, n=9; mortality)

Insects 10.4 (Clistoronia magnifica, n=2; reproduction/mortality); 16.9 (Chironomus
riparius, n=1; growth); 40.0 (Paratanytarsus parthenogeneticus, n=2;
growth/reproduction)

Amphipods 11.0 (Gammarus pulex, n=1; reproduction); 50.3 (Hyalella azteca, n=6;
mortality)
Fish 13.0 (Ictalurus punctatus, n=2; growth/mortality); 20.8 (Oncorhynchus

kisutch, n=2; mortality); 11.6 (Oncorhynchus mykiss, n=4; growth); 14.0
(Salvelinus fontinalis, n=5; growth); 17.8 (Pimephales promelas, n=4;
growth); 56.2 (Pimephales notatus, n=2; growth); 39.0 (Perca fluviatilis, n=1;
growth); 120.0 (Noemacheilus barbatulus, n=1; mortality); 12.9 (Catostomus
commersoni; n=1; growth/mortality); 34.9 (Esox lucius; n=1;
growth/mortality)

Table 2. Lowest recorded species-specific acute L(E)Csq for each taxonomic group and
proposed reference values extracted from Appendix K1 of vRAR (2008).

Test organism L(E)Cso pg copper ion/L

pH 6 pH 7 pH 8 pH All
Fish 29.2 35.0 97.4 35.0
Invertebrates 25.0 47.3 29.8 34.4
Algae/aqg.plants 263.5 120.1 106.8 138.9
Proposed reference 25.0 35.0 29.8 34.4

Table 3. Lowest recorded species-specific chronic NOEC for each taxonomic group and
proposed reference values extracted from Appendix K1 of vRAR (2008).

Test organism NOEC ug copper ion/L

pH 6 pH 7 pH 8 pH All
Fish 23.0 7.7 11.4 15.6
Invertebrates 20.0 7.4 19.8 14.9
Algae/aqg.plants 30.0 22.0 34.5 22.0
Proposed reference 20.0 7.4 11.4 14.9

Assessment and comparison with the classification criteria

Water solubility: Copper flakes are a specific form of copper metal. Therefore, RAC considers
that the classification strategy for metals (Annex IV.5.3 of the CLP guidance3) should be
applied. As a consequence new information on transformation/dissolution after 7 and 28 days
(performed with coated copper flakes) provided during public consultation was considered by
RAC in the acute and long-term hazard classification. T/D tests were carried out at a loading of
1 mg/L and calculated for 0.1 and 0.01 mg/L by linear extrapolation from the data at 1 mg/L
loading. RAC notes that deriving 28 days results for the lower loading rates (0.1 and 0.01
mg/L) by extrapolation from other loading rates is in line with the CLP guidance.

The release of copper ions is the highest at pH 6 (0.721 and 0.773 mg dissolved Cu/L at a

3 CLP guidance.... ECHA Guidance on the Applicationthef CLP criteria (version 4.0 November 2013)
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loading of 1 mg/L after 7 and 28 days, respectively) while lower at pH 7 (0.363 and 0.639 mg
dissolved Cu/L at a loading of 1 mg/L after 7 and 28 days, respectively). No T/D data are
available at pH 8.

Degradability

Rapid removal: RAC considers that the TICKET-UWM provides a useful insight into key fate
pathways for metal ions including copper in a model shallow lake system. This generic
approach allows systematic comparisons to be made between metals. However, the choice of
model default parameters has not (yet) been resolved, especially as some properties are likely
to vary spatially and temporally. For example, comparison with monitoring data in the CLH
report suggested that the model may overestimate the extent to which copper binds to
particles, and may use a settling velocity that is higher than observed in reality. In addition,
post-loading simulations for one field study that was claimed to be "more representative of a
worst case scenario” (on the basis of settling velocity, distribution coefficient and a relatively
low suspended solids concentration compared to model defaults) did not predict 70% removal
from the water column after 28 days. As this was a natural lake, RAC does not agree that it
should be dismissed as a “worst case”. Since the concept of rapid degradation for organic
substances is conservative and does not include sequestration by particulate matter (or other
fate pathways such as volatility), it seems inconsistent to apply such approaches to metals.

The DS’s proposal also relied heavily on the premise that copper (II) ions will partition rapidly
to sediment, where they will be transformed at the surface to insoluble minerals (especially
copper (II) sulfide) over a relatively short timescale so that binding to sediment is effectively
irreversible. RAC notes that the DS’s proposal did not describe the behaviour of copper (II)
ions in aquatic systems with little or no sediment (e.g. rivers or lakes with sand or gravel
substrates), high turbulence or sediment at depths substantially in excess of 3 metres. Even
where sediment is present, the oxidation state of surface layers may not always favour sulfide
formation, and the situation may also be complicated if there is a high level of existing metal
contamination. RAC therefore does not consider that a convincing case has been made that
copper (II) ions will always rapidly speciate to non-available forms, or that this process was
demonstrated to be irreversible under all relevant circumstances. At a general level, RAC
considers that decisions about rapid removal could be based on observations from a
standardised OECD Transformation/ Dissolution test. In this case, T/D studies showed
increasing concentrations of copper ions over 28 days (nhot a decline), indicating that copper
(II) ions remained in solution under these test conditions.

In conclusion, RAC considers that copper (II) ions are not subject to rapid environmental
transformation for the purposes of classification and labelling.

Bioaccumulation

The bioaccumulation behaviour of copper (II) ions in organisms should consider both
essentiality and homeostatic mechanisms. The DS’s proposal did not present a clear
description of the available data for comparison with the CLP criteria. However, in view of the
degradability conclusion, this end-point does not influence the determination of the chronic M-
factor and so was not considered further.

Ecotoxicity

Choice of ecotoxicity data: The ecotoxicity database for copper (II) ions is extensive, with
many studies of acute and chronic toxicity in fish, invertebrates and algae/higher plants using
a variety of copper compounds at different pH values as well as hardness and dissolved
organic carbon (DOC) levels. The two principal sources of information cited in the DS's
proposal are the pesticide DAR and the vRAR (2008). RAC considers that the chronic
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ecotoxicity information in the vRAR is generally reliable for hazard assessment as it was
evaluated in depth by the relevant industry experts and reviewed by the pre-REACH CAs4.
However, Tables 1-3 under “Additional key elements” show that the presentation of ecotoxicity
information in these sources is inconsistent (presumably due to differences in data aggregation
as pointed out in the public comments). This is considered further below:

a) Given the large number of studies for individual species, the data in the CLH report
were aggregated to present single values for each species in three different pH
bands. The CLP Guidance for metals recommends transformation/dissolution testing
at different pHs, so RAC agrees that grouping into pH bands is appropriate as there
is a clear trend in toxicity that would be overlooked if all the data for a species were
combined. However, the reasons for the choice of the actual pH bands were not
explained, and the effects of hardness and DOC were not discussed.

b) The dossier submitter’s proposal used geometric means even if there are only two
data points for a species in a particular pH band. This is not consistent with the CLP
Guidance (which indicates that at least four data points are preferred) or the REACH
CSRs, and led to discrepancies between the data sets, which were noted during
public consultation.

c) For invertebrates, data were presented for only two species of crustacean (Daphnia
magna and Ceriodaphnia dubia). RAC notes that it is standard practice to consider
all relevant data from reliable standard test guideline studies, and so the dossier
submitter’s proposal was not necessarily based on a comprehensive data set. The
dossier submitter did not provide any additional information in response to the
public consultation comments on this issue. However, RAC notes that the vRAR
(2008) contains long-term toxicity data for several other invertebrate taxonomic
groups (including molluscs and insects) as well as higher plants (Lemna minor).
Further details are provided under “Additional key elements”.

i) In the vRAR (2008), all the reliable chronic NOEC data were compiled in a
species sensitivity distribution, deriving a hazardous concentration for 5%
of the species (HCs) (with the 50 percentile confidence interval) of 7.3
HMg/L (6.1-7.9 pg/L) based on the best fitting approach, or 6.1 ug/L (3.7-
8.6 pg/L) using the log normal curve fitting. These values are very similar
to the lowest NOEC in the dataset (6.0 pg/L for the mollusc Juga plicifera).

ii) Due to the variation in physico-chemical conditions used in the tests, in
the vRAR (2008) the data were also ‘normalised’ using a biotic ligand
model. The lowest normalised NOEC is 5.3 ug/L for the rotifer Brachionus
calyciflorus (at pH 8.1, hardness of 165 mg/L CaCOs; and DOC of 3.2
mg/L). The lowest HCs-50 derived for an ecoregion is 7.8 pg/L (4.4-11.7
Hg/L).

iii) RAC notes that the CLH report also mentioned a NOEC of 3.12 pg/L (as
copper) from an indoor microcosm study using copper hydroxide, without
specifying the measured end-point or study duration; it was also pointed
out, in comments during the public consultation, that in the final EFSA
conclusion a NOEC of 4.8 pg/L is cited which was used for the overall risk
assessment for aquatic organisms. As it was not clear how this information

4 Italy has been acting as a reviewing Member Statéhe substance and the risk assessment repotiden reviewed
by the Technical Committee on New and Existing Sarxses (TC NES) according to standard operatioraiguures
of the Committee.
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would be used in hazard classification, it was not considered further.

In summary, the lowest long-term NOEC reported in the CLH report is 7.4 ug/L for
Ceriodaphnia dubia at pH 6.5-7.5. The omission of data for other invertebrate
groups from the DS’s proposal does not appear to make a significant difference as
the most sensitive data all lie in the range 1-10 pg/L.

Discrepencies in the ecotoxicity data as presented: The lowest geometric mean LCsy reported
in the CLH report is 8.1 pg/L (as copper) for fathead minnow P. promelas at pH 5.5-6.5 (cited
as coming from the vVRAR - an actual study reference was not provided). This is based on two
values, both for larval fish, 15.0 pg/L and 4.4 ug/L. During PC, industry indicated that the test
medium in the study which resulted in the lowest ECsq (cited as Erickson et al., 1996) used a
high flow-through rate, had low hardness (22 mg CaCOs/L) and low DOC concentration (not
stated), and used larvae that were less than 24 hours’ old. Although not mentioned in the CLH
report, in the original paper the lowest LCsqg was determined at the minimum pH, i.e. 6.0.
Industry therefore considered this test to represent a worst case, and suggested that the
sensitivity of this species at pH 6 versus pH 7 was unexpected and may be related to
insufficient adaptation to low pH conditions. The data were therefore not considered reliable
and not used for classification in the REACH registrations as well as the vVRAR. Nevertheless,
RAC notes that other minimum acute fish LCsos are of the same order of magnitude (e.g. O.
mykiss at all pHs, and P. promelas at pH 6.5-7.5). The OECD TG 203 permits testing in waters
with total hardness as low as 10 mg CaCOs/L, and a preferred minimum pH of 6.0, so the
conditions used in the Erickson (1996) study were within the validity criteria of the guidelines
and cannot be considered a worst case. In addition, this species can tolerate poor conditions
such as turbid, hot, poorly oxygenated, intermittent streams, which are unsuitable for most
fishes (http://www.fishbase.org/Summary/speciesSummary.php?ID=4785&AT=fathead+
minnow). Further papers provided by industry stakeholders following public consultation
(Mount, 1973 and Zischke et al., 1983) indicate that P. promelas can survive at pHs as low as
4.5, so that a pH of 6.0 does not appear to be intolerable over short exposures. RAC also notes
that the replacement test for acute fish toxicity (OECD TG 236) involves embryos, so the life
stage argument was not considered relevant either. It is also unclear why the dossier
submitter decided to include them in the CLH report if they had been previously rejected. RAC
accepts that an acute toxicity test with fish larvae may be more sensitive than one with older
fish if they were not properly acclimated, but does not find the other reasons for rejection
convincing.

Data for other species show a trend of increasing acute fish toxicity with declining pH,
presumably due to increasing bioavailability. The acute LCsq for Danio rerio at pH 6.5-7.5
(geometric mean 35 ug/L, based on n=3 so a geometric mean is not appropriate) is similar to
that of O. mykiss at pH 5.5-6.5 (geometric mean 29 ug/L, based on n=6), implying that the
sensitivity of D. rerio at the lower pH could be higher. Rather than ignoring the P. promelas
data completely, the geometric mean LCsy of 8.1 pg/L is considered to be relevant for hazard
classification as it takes account of uncertainties about the sensitivity of fish at acidic pH,
although this is a conservative approach given the life stages that were tested (N.B. if the
most sensitive value of 4.4 pg/L were used the consequence for classification would be the
same for coated copper flakes). RAC has not considered how DOC or hardness affect the
observed pattern in ecotoxicity data, as such an analysis was not presented in the CLH report.

As noted above, the lowest reported long-term NOEC in the CLH report is 7.4 ug/L for
Ceriodaphnia dubia at pH 6.5-7.5, and this value is consistent with the large amount of chronic
data presented in the vRAR (2008), including the HCs. However, this is almost identical to the
acute LCsq for P. promelas at pH 5.5-6.5, and there are no measured chronic toxicity data for
any fish species in the pH range of 5.5-6.5. Consequently, the adequancy of the long-term
study results was questioned. At first sight it might seem disproportionate to consider the
whole long-term fish toxicity data set (n=29) as ‘non-adequate’. However, the acute fish test
data clearly show that for the three species for which data across the total pH range of 5.5-8.5
are available, the toxicity is the highest in the lowest pH range, i.e., 5.5-6.5. Therefore,
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despite the large number of fish studies used in the dossier submitter’s proposal, RAC believes
that it is appropriate to consider the surrogate method for the fish trophic group (as was
suggested in one of the public consultation comments). [N.B. The CLP criteria and guidance do
not address this specific issue, but Example D in Section 4.1.3.4.4 of the CLP guidance is
comparable to some extent. It describes a substance with a large data set, for which acute as
well as chronic toxicity data are available for all three trophic levels. For crustacea, chronic
data are available for Daphnia magna, which is clearly the least sensitive of the invertebrate
species for which acute data are available. Hence, according to the guidance, the chronic
aquatic toxicity data for D. magna in this case should be considered not in conformity with the
definition of ‘adequate chronic data’.]

In addition, it was noted in comments received during the public consultation that in the
biocide Assessment Report for copper (II) hydroxide (Product type 8, RMS France, September
2011) the lowest reported NOEC is 2.2 pg Cu/L for growth in the fish Oncorhynchus mykiss.
This appears to be aggregated in the CLH report with three other studies for this species in the
pH 6.5-7.5 band, so that the geometric mean is 16.1 pg/L. RAC considers that this is
acceptable, although as noted above, it does appear that some fish studies provide acute LCsgs
in the range 1-10 pg/L. Similarly, it was indicated in comments received during public
consultation that in the DAR for copper hydroxide, a 92-d NOEC of 1.7 pg/L was obtained in a
fish early life stage test for O. mykiss at pH 8.0 (cited as Schafers, 2000). This result does not
appear to have been taken into account in the data aggregation used in the dossier submitter’s
proposal. A third reliable chronic result for this species in the pH range >7.5-8.5 was included
in the CLH report (NOEC 16 ug Cu/L). Comments by industry following the public consultation
raised some issues about the reliability of the lower value of 1.7 ug/L (e.g. the reported copper
concentrations were highly variable in this study and the test substance was a formulation
containing 10% w/w dispersant and also an adhesive). Whilst toxicity is still likely to have
been driven by copper ions, the composition might have had some influence. It is also
sparingly soluble, rather than a soluble salt. This result is therefore not used directly but is
considered by RAC as supporting information for chronic classification purposes.

ERV derivation: The lowest acute LCsy (as dissolved copper) presented in the CLH report is 8.1
Mg/L for P. promelas at pH 5.5-6.5. However, the acute ERV proposed in the CLH report is
0.0292 mg Cu/L, but how it was calculated is not explained. Therefore RAC will use 0.0081
mg/L in the absence of other information.

The lowest chronic NOEC (as dissolved copper) presented in the CLH report is 7.4 pg/L for
Ceriodaphnia dubia at pH 6.5-7.5. The chronic ERV is equal to 0.0074 mg Cu/L. As noted
under ‘choice of ecotoxicity data’ other apparently reliable NOEC data exist that are lower than
this value, but still in the range 1-10 ug/L (e.g. a normalised NOEC of 5.3 ug/L for the rotifer
Brachionus calyciflorus at pH 8.1, hardness of 165 mg/L CaCOs; and DOC of 3.2 mg/L). They
will therefore make only a very small difference to the chronic ERV. However, there are no
chronic toxicity data for the fish species that is acutely most sensitive at pH 5.5-6.5, so the
surrogate method for the fish trophic group is therefore considered.

Comments received during public consultation on the related substances Bordeaux mixture,
copper dihydroxide and dicopper oxide specifically suggested that the 92-d NOEC of 1.7 ug
Cu/L for O. mykiss (obtained with copper hydroxide) should be used as the basis for the
chronic classification. As already noted, this value is the same order of magnitude as the other
sensitive chronic data, but it would not impact the chronic ERV of 0.0074 mg/L for copper
flakes. RAC notes that this result was obtained at pH 8, for which only one other value is
available for this species in that pH range. Since aquatic toxicity appears to generally increase
as the pH is lowered, the implication is that the selected chronic data set might not be
sufficiently sensitive. This value is therefore considered alongside the surrogate method.

Acute aquatic hazard:

The release of copper ions after 7 days (1 mg/L loading) was 0.721 mg dissolved Cu/L at pH 6
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where copper shows highest toxicity to aquatic organisms. This concentration exceeds the
acute ERV of the dissolved form (0.0081 mg Cu/L), thus, RAC concludes to classify coated
copper flakes as Aquatic Acute 1 (H400). The M-factor is derived from the ratio of the
soluble metal ions concentration and the ERV of the dissolved metal ion (Annex IV.5.4 of the
CLP Guidance). The ratio for copper flakes is = 10 and < 100, leading to an acute M-factor of
10.

Chronic aquatic hazard:

The release of copper ions after 28 days (0.1 mg/L extrapolated from 1 mg/L loading) was
0.077 mg dissolved Cu/L at pH 6 and 0.064 mg dissolved Cu/L at pH 7. This concentration
exceeds the lowest chronic ERV of the dissolved form (0.0074 mg Cu/L; at pH 7 for
invertebrates) which would result in a classification as Aquatic Chronic 1 (H410) for a
substance not subject to rapid environmental transformation. As the ratio of the soluble metal
ions concentration and the chronic ERV of the dissolved metal ion is = 10 and < 100 a chronic
M-factor of 10 would apply. However, given adequate chronic data for the most sensitive
species in the acute tests (fish) are not available in the relevant pH-range (i.e. pH 5.5 - 6.5),
RAC concludes that using the surrogate method for the fish trophic group is justified resulting
in a classication as Aquatic Chronic 1 (H410) and a chronic M-factor of 10. Following the
surrogate approach, copper flakes are classified according to the most stringent outcome
between the classification based on the chronic data and that on the acute data for fish; in this
case the two classifications are equivalent, i.e. Aquatic Chronic 1 (H410) with an M-factor of
10.

In summary, RAC agrees with the dossier submitter’s proposal to classify copper flakes as
Aquatic Acute 1 (H400) and as Aquatic Chronic 1 (H410), but considers that the M-
factor for both the acute and chronic classification should be 10.

6 OTHER INFORMATION

None
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8 ANNEXES

ANNEX I: purity and impurity profile (confidential)

See separate file
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ANNEX II: summary of copper compounds under reviewclassification

Proposed CLH Regula
Substance CAS Current harmonised _ _ -tory
number classification (changes displayed in bold)| rogra
m
Copper Acute Tox. 4 * - H302 Acute Tox. 4 - H302 BPD
sulphate Eye Irrit. 2 — H319 Eye Dam. 1 — H318
pentahydrate 7758-99-8  Skin Irrit. 2 — H315 Skindrrit2—H315
Copper Aquatic Acute 1 — H400| Aquatic Acute 1 — H40QV1=10
sulphate Aguatic Chronic 1 — H41p Aguatic Chronic 2 — H411
(CAS: Tribasic Acute Tox. 4 * - H302 Acute Tox. 4 - H302 PPP
7758-98-7) copper Eye Irrit. 2 — H319 Eyelrrit-2—H319
sulphate 12527-76-3  Skin Irrit. 2 — H315 Skinbrit-2—H315
Aquatic Acute 1 — H400| Aquatic Acute 1 — H40QyI=10
Aguatic Chronic 1 — H41p Aguatic Chronic 2 — H411
Salts of thiocyanic acid: EUH 32 BPD
Acute Tox. 4 * - H332 _
. 1 Acute Tox. 4 *- H312 | Aquatic Acute 1 — H400M=10
Copper thiocyanate 1111-67- Acute Tox. 4 * - H302 Aquatic Chronic 2 — H411
EUH32
Aquatic Chronic 3 — H41P
Acute Tox. 4 - H302 BPD
Acute Tox. 4 - H332
Basic copper carbonate 12069-69+1 None Eye Irrit 2 — H319
Aquatic Acute 1 — H400M=10
Aquatic Chronic 2 — H411
Acute Tox. 4 - H302 BPD
Acute Tox. 2 - H330 ppp
. Eye Dam. 1 — H318
Copper hydroxide 20427-59-2 None Aquatic Acute 1 — H400, M=10
Aquatic Chronic 1 — H410,
M=1
Acute Tox. 4 - H302 BPD
.4 - PPP
Acute Tox. 4 * - H302 Aé;éelrfi(t)xzf H213932
Copper (1) oxide 1317-39-1| Agquatic Acute 1 — H400 . .
X i Aquatic Acute 1 — H400,
Aquatic Chronic 1 — H41D _
M=100
Aquatic Chronic 1 — H410,
M=1
Acute Tox. 2 - H330 BPD
: Aquatic Acute 1 — H400, M=10
Copper (Il) oxide 1317-38-0 None Aquatic Chronic 1 — H410,
M=1
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Copper oxychloride

1332-40-7 or
1332-65-6

None

Acute Tox. 3 - H301
Acute Tox. 4 - H332
Aquatic Acute 1 — H400M=10
Aquatic Chronic 2 — H411

PPP

Coated copper flake

7440-50-§

None

Acute Tox. 4 - H302

Acute Tox. 3 - H331
Aquatic Acute 1 — H400, M=10
Aquatic Chronic 1 — H410,
M=1

BPD

Bordeaux mixture

8011-63-0

None

Acute Tox. 4 - H332
Eye Dam. 1 — H318
Aquatic Acute 1 — H400M=10
Aquatic Chronic 2 — H411

PPP
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