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Part A.

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLING

1.1 Substance

Table 1: Substance identity:

Substance name: Copper (1) oxide or dicopper
oxide or cuprous oxide

EC number: 215-270-7

CAS number: 1317-39-1

Annex VI Index number: 029-002-00-X

Degree of purity: > 92.3% as copper () oxide
corresponding to > 82.0% w/w
as total copper*

Impurities: See annex | (confidential)

* calculation using 88.8 % copper content in copper oxide (1)

1.2 Harmonised classification and labelling proposal

Table 2: The current Annex V1 entry and the proposed harmonised classification: Copper (1)
oxyde

CLP Regulation

Current entry in Annex VI, CLP Acute Tox 4* — H302
Regulation Aquatic Acute 1 — H400
Aquatic Chronic 1 — H410

Current proposal for consideration | Acute Tox 4 - H332
by RAC _
Eye Irrit 2 — H319

Addition of a M-factor of 100
and 1 for acute and chronic
environmental classification,
respectively

Resulting harmonised classification | Acute Tox 4 — H302
(future entry in Annex VI, CLP Acute Tox 4 - H332
Eye Irrit 2 — H319
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Regulation) Aquatic Acute 1 — H400,
M=100
Aquatic Chronic 1 — H410,
M=1

Copper and some copper compounds are under review as Biocides (BPD) and/or Plant Protection
Product (PPP) Directives and CLH dossier to set or revise their harmonised classification are
submitted in parallel for these compounds (see summary in annex II).
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1.3 Proposed harmonised classification and labelling based on CLP Regulation
Table 3: Proposed classification according to the CLP 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 and | NON€ Conclusive but not
mixtures sufficient for
classification
2.9. Pyrophoric liquids None Not relevant
2.10. None Conclusive but not
Pyrophoric solids sufficient for
classification
2.11. Self-heating substances and None Con_cl_usive but not
mixtures sufficient for
classification
2.12. Substances and mixtures None Conclusive 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
corrosive to metals sufficient for
classification
3.1 - Acute Tox 4 — | None Acute Tox 4* —
Acute toxicity - oral H302 H302
None Conclusive but not
Acute toxicity - dermal sufficient for
classification
. . . Acute Tox 4 — None
Acute toxicity - inhalation H332
3.2. None Conclusive but not
Skin corrosion / irritation sufficient for
classification
3.3. Serious eye damage / eye Eye Irrit. 2 - None None
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irritation H319
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. PP . None Conclusive but not
SpeC|f|c target organ toxicity sufficient for
—single exposure classification
3.9. PP P None Conclusive but not
Specific target organ toxicity sufficient for
~ repeated exposure classification
3.10. None Conclusive but not
Aspiration hazard sufficient for
classification
4.1 Aquatic Acute | M =100 Aquatic Acute 1
Hazardous to the aquatic 1-H400 —H400
environment Aquatic M=1 Aquatic Chronic
Chronic 1 - 1-H410
H410
5.1. None Conclusive but not

Hazardous to the ozone layer

sufficient for
classification

DIncluding specific concentration limits (SCLs) and M-factors
2 Data lacking, inconclusive, or conclusive but not sufficient for classification

Labelling:

Signal word: Warning

Pictograms: GHS 07, GHS 09
Hazard statements: H332, H302, H319, H410
Precautionary statements: not harmonised

Proposed notes assigned to an entry: none

2

2.1

BACKGROUND TO THE CLH PROPOSAL

History of the previous classification and labelling

Copper (1) oxide is currently harmonised under the index 029-002-00-X.

The harmonised classification for copper (1) oxide was already present in the 19" ATP.

The current classification was included in the 29" ATP (Directive 2004/73/EC). No further

discussion on the harmonised classification of copper (I) oxide occurred since to our knowledge.
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Copper oxide(l) is registered under REACH and relevant information from the registration dossiers
were considered in the preparation of this report.

2.2 Short summary of the scientific justification for the CLH proposal

Copper (1) oxide is acutely toxic by oral and respiratory routes and classifications as Acute Tox 4 -
H 302 and Acute Tox 4 — H332 are proposed.

Besides, copper (I) oxide induced irritancy in the rabbit eyes that justify a classification Eye Irrit 2 —
H319.

Taking into account the recommendations of the Annex IV of the Guidance to Regulation (EC) No
1272/2008 Classification, Labelling and Packaging of substances and mixtures, a metal compound
is considered as readily soluble if the water solubility is greater or equal to the acute ERV of the
dissolved metal ion concentration. The water solubility of copper oxide is equal to 0.639 mg/L and
0.539 mg/L at pH 6.6 and 9.8 respectively. Therefore, this compound is considered as ready
soluble metal compound.

For acute toxicity classification, the lowest ERV-Cu,O (0.01 mg/l) is below the trigger value of 1
mg/L which leads to the aquatic environmental hazard acute category 1, H400. An M-factor of 100
should also be applied.

For chronic toxicity classification, there is evidence of rapid removal from water column. The
lowest chronic ERV-Cu,O (0.008 mg/L) is below the trigger of 0.01 which leads to the aquatic
environmental hazard chronic category 1, H410. An M-factor of 1 should also be applied.

2.3 Current harmonised classification and labelling

2.3.1  Current classification and labelling in Annex VI, Table 3.1 in the CLP Regulation

The classification of copper (1) oxide is harmonised in Annex VI of CLP under the index
number 029-002-00-X as follows:

Table 3.1 (CLP)

Acute Tox 4* — H302
Agquatic Acute 1 - H400
Aguatic Chronic 1 — H410

2.3.2  Current classification and labelling in Annex VI, Table 3.2 in the CLP Regulation

The classification of copper (I) oxide is harmonised in Annex VI of CLP under the index number
029-002-00-X as follows:
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Table 3.2 (67/548/EEC)
Xn; R22
N; R50-53
24 Current self-classification and labelling
Not relevant.
3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LEVEL

Copper (1) oxide is currently classified according to Annex VI of CLP.

Copper (1) oxide is an active substance in the meaning of Directive 91/414/EEC (PPP) and
Directive 98/8/EEC (BPD). In accordance with Article 36(2) of the CLP Regulation, copper (1)
oxide shall be subjected to a full harmonised classification and labelling. Therefore, this proposal
considers all human health and environmental end points. In particular, modifications of the current
harmonised classification are proposed for acute toxicity, eye irritation and for the environmental
classification (addition of a M-factor), which 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

EC number: 215-270-7

EC name: Dicopper oxide
CAS number: 1317-39-1

CAS name: Copper oxide (Cu20)
IUPAC name: Copper (I) oxide
CLP Annex VI Index number: 029-002-00-X
Molecular formula: Cu,0

Molecular weight range: 143.1 g/mol

Structural formula:

Cu
/
Cu—oO
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1.2 Composition of the substance

Table 6: Constituents (non-confidential information)

Constituent

Minimal purity

Remarks

Copper (I) oxide
(1317-39-1)

> 92.3% w/w as copper (1)
oxide corresponding to

> 82.0% w/w as total
copper

* calculation using 88.8 %
copper content in copper
oxide (I)

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

he followin | (o classificati lies:
: .

Impurities (non-confidential information)

Impurities are confidential. 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 nanomaterials containing copper compounds may
exist. However, the information available in the biocidal and plant protection products dossiers do

not seem to indicate that the substance exist under this shape for these applications.

In this context, it was decided not to take into consideration the potential nanoform of copper
compounds in this report and the present CLH dossier is proposed for the bulk form of copper (1)

oxide. A specific dossier and hazard evaluation may be necessary for nanoforms of this substance.

The purity of the tested material is specified when available and/or relevant in the different parts of

the CLH report.
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1.3 Physico-chemical properties

Table 9: Summary of physico - chemical properties

87.4% as total copper)

Mullee, 2003

Property Value Reference Comment (e.g.
measured or
estimated)

State of the Fine, easily compactable, orange | O’Connor and

substance at 20°C | powder odourless (purity 87.4% | Mullee, 2003

and 101,3 kPa as total copper)

Melting/freezing Decomposes at > 332°C (purity O’Connor and Measured

point 87.4% as total copper) Mullee, 2003

Boiling point Decomposes at > 332°C before O’Connor and Measured

boiling (purity 87.4% as total Mullee, 2003
copper)
Relative density 5.87 + 0.001 at 20.0°C (purity O’Connor and Measured

Vapour pressure

Not necessary as the melting
point is above 300°C.

Surface tension

Not applicable due to the low
water solubility of cuprous oxide
(<1 mg/kg)

O’Connor and
Mullee, 2003

See section 3

Water solubility

At20.0 +0.5°C

pH 6.6 salt < 6.39x10 g/L

as Cu 5.67x10™

pH 9.8 salt < 5.39x10* g/L

as Cu <4.79x10™

pH 4.0 > 28.6 g/L as Cu > 25.4
(purity 87.4% as total copper)

O’Connor and
Mullee, 2003

Measured, flask
method

The solubilisation
results of the oxido-
reduction reaction of
the copper (I) oxide
into ionic copper. Cu+
rapidly gives Cu2+
predominantly. At low
pH, the reaction is
promoted.

The influence of
temperature should
have been evaluated,
but no specific effects
are awaited.

Partition
coefficient n-
octanol/water

Not relevant for the
ecotoxicological risk
assessement, due to the specific

absorption mechanism of copper.

Flash point Not required (solid) - -
Flammability Not highly flammable - See section 3
Explosive No explosive properties - See section 3
properties

Self-ignition Not auto-flammable — self Baker, D. (2003). | Measured
temperature ignition temperature is 234 °C

Oxidizing Not oxidizing - See section 3
properties

Granulometry No data - -

Stability in

Based upon the solubility in
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organic solvents
and identity of

organic solvents, a determination
of the stability in organic solvents

relevant is unnecessary. Moreover the
degradation active substance as manufactured
products does not include any organic

solvents.
Dissociation Not relevant - always remains in | - -
constant solution in a dissociated ionic

state.

Cuprous oxide is slightly soluble

in water and the solubilisation

results of oxido-reduction

reaction of the cuprous oxide into

ionic copper. Any addition of

acid would result in reaction with

cuprous oxide
Viscosity Not required (solid) - -
Henry’s law Not relevant - -
constant
Solubility in Determined at 20.0 £ 0.5°C O’Connor and Measured

organic solvent

Toluene <14 mg/L
Dichloromethane < 10mg/L
n-Hexane <12 mg/L

Ethyl acetate : <12 mg/L
Methanol : < 9.8 mg/L
Acetone : <13 mg/L

Mullee, 2003

Reactivity
towards container
material

No reactivity toward
polypropylene or polyethylene
lining

2 MANUFACTURE AND USES

2.1 Manufacture

Not relevant

2.2 Identified uses

Copper was notified under BPD Directive (98/8/EC) as anti-fouling product (product type 21).
Copper is intended for use in the protection against fouling of both mobile (including but not
limited to marine and freshwater vessels) and stationary (including but not limited to buoys,
aquaculture nets, immersed structures) objects.

Under PPP Directive (91/414/EC), it is fungistatic and bacteristatic in action and is used in the
treatment and prevention of fungal and bacterial diseases.
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3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Table 10: Summary table for relevant physico-chemical studies

Physical and chemical properties | Results Remarks Reference

Flammability Not highly flammable Theoretical -
assessment and
experience in use

Self-ignition Not auto-flammable — self Study Baker, D. (2003)
ignition temperature is 234 °C

Flash point Not required as the active - -
substance is a solid

Explosive properties No explosive properties Theoretical -
assessment and
experience in use

Oxidising properties No oxidizing properties Theoretical -
assessment

3.1 Explosive properties

Copper (1) oxide is a stable inorganic substance. None of these components or grouping are
associated with explosive hazards. All are stable groupings in high oxidation states. Copper (I)
oxide therefore will not have explosive properties and experience in use over many years confirms
this conclusion.

Explosive hazards can occur if the exothermic energy of combustion is very high (>500J/g) and
rapid. SC data obtained for melting point determination show endothermic events only.

As a powder, cuprous oxide dust clouds may explode but explosivity due to powder forms is not
covered by the CLP criteria..

3.2 Flammability

Copper (I) oxide is an inorganic salt with copper in a high oxidation state. As such this material is
not likely to undergo self heating under bulk storage conditions and is unlikely to auto-ignite. Self
heating or auto-ignition has not been observed with copper (I) oxide. Moreover, inorganic salts are
neither combustible nor flammable

The determination of flash point is not required because the active substance is a solid.

So we can conclude that copper (1) oxide is not highly flammable.

As a powder, cuprous oxide dust clouds may ignite but flammability due to powder forms is not
covered by the CLP criteria..
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3.3 Oxidizing potential

Oxidizing compounds are materials that can easily transfer oxygen to other compounds i.e. they
contain weakly bound oxygen, for example NO3 and peroxides. Bound oxygen must also become
available through a low energy degradation route with a low energy of activation. The oxygen in
copper (I) oxide is bound to copper. The decomposition temperature is high (332 °C) which
indicates a high energy of activation. Copper (I) oxide is therefore considered inert under the
conditions of oxidation.
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4 HUMAN HEALTH HAZARD ASSESSMENT

Considering that in mammalian the toxic form of any copper salt is the Cu® ion, a read across
between the different salts (copper sulphate, dicopper oxide, copper hydroxide, copper oxide,
copper carbonate, copper thiocyanate, copper powder, copper oxychloride and Bordeaux mixture)
will be used for assessment of repeated toxicity, mutagenicity, carcinogenicity and reprotoxicity of
copper compounds. Therefore, the report of these endpoints will be common in the different CLH
report of each compound. However, the acute toxicity and local toxicity as irritation and
sensitization will be specific for each substance.

4.1  Toxicokinetics (absorption, metabolism, distribution and elimination)

41.1 Non-human information

The following summary of toxicokinetics of the copper ion Cu®* is derived from the pesticide and
biocide assessment reports made for the review of copper compounds under directive 91/414/EEC
and 98/8/EEC.

Absorption

Absorption in both rats and humans varies according to diet. For humans: on a copper-adequate
diet, absorption is 36 %, on a low copper diet 56 %, and on a high copper diet 12%. Similar figures
have been obtained for rats.

Distribution

After oral absorption, when entering interstitial fluid and blood plasma, absorbed copper initially
becomes bound to two proteins; albumin and transcuprein. Although the affinity of transcuprein for
copper is higher than that of albumin, copper ions are freely exchangeable between them. Most of
the copper bound to albumin and transcuprein is rapidly transported via portal blood to the liver
(main organ of regulation), although some also goes directly to other tissues, especially to the
kidney. The liver controls the distribution of copper to the rest of the body via the bloodstream,
bound to ceruloplasmin.

By other routes of exposure (mainly inhalation), absorbed copper does not pass first by the liver,
therefore, a wider distribution through the body is possible.

Metabolism

Metabolism does not occur. Copper is a monatomic ion and cannot be metabolised. It is however
used in every cell in the body, and every cell can regulate its copper content. Many enzymes and
other proteins containing copper have been described.

Interspecies differences

Albumin, one of the major copper transport proteins of the blood, contains histidine in position 3
which is essential for tight binding of copper. In dogs and pigs, this histidine is replaced by a
tyrosine, and consequently the alboumin does not have the same affinity for copper. Dog and pig
albumins have several low-affinity sites for copper, but aloumin is still an effective transport protein
in those species. Dogs show unusually high levels of copper in the liver, ten times the levels in other
species. While dog liver rapidly took up copper injected intravenously, dogs do not appear to be
able to excrete copper via the bile as readily as other species. It is possible that dogs express the
WND protein less than other species resulting in accumulation of copper in the liver. Based on
these differences in albumin structure and the liver of the dog, it was concluded that the dog is not a
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good animal model for human risk assessment of copper and that is why no dog study is outlined in
this report.

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

Excretion

Excretion in most species is via the bile, in a trypsin-independent protein fragment such that entero-
hepatic circulation does not occur. A significant amount of copper is excreted bound to
metallothioneins contained in intestinal brush border cells sloughed off and lost in faeces. Minor
amounts are also excreted in urine and from skin and hair.

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

Bioequivalence

In mammalian toxicity, it is considered that the toxic form of any copper salt is the Cu®" ion.

This is shown through the comparison of bioavailability and hence toxicity of the most soluble
(copper sulphate) and relatively insoluble copper salts. In effect, the use of copper sulphate data
would represent a worst-case scenario for the determination of the systemic effect of relatively
insoluble copper compounds in mammalian toxicity. This has also been confirmed in a series of
bioavailability studies conducted by several authors who have compared the bioavailability of
copper sulphate to other copper salts including copper oxide, copper powder, copper thiocyanate
and copper carbonate. Moreover, in an other study copper was administered orally to bile-canulated
rats, as copper sulphate, copper hydroxide, copper oxychloride, Bordeaux mixture, tribasic copper
sulphate and copper (I) oxide. There were no differences in absorption, copper levels in plasma,
liver or bile, or in excretion rates between the five forms and copper sulphate. This study
demonstrates bioequivalence between the five forms and copper sulphate, such that repeated dose
toxicity studies on copper sulphate, or on only one of the five forms, may be considered
representative of the other forms for systemic effects.

In 2010, Rodriguez et al, assessed the relative/dissolution of copper ions from copper materials and
copper compounds in gastric mimetic fluid, simulated oral exposure.

The copper compounds tested, include: copper wires massive copper materials), copper powder
(130 um median diameter), coated copper flakes (8.5 um), cupric oxide and cuprous chloride.
Loading rates between 100 mg/L and 2 g/L were assessed. The results are expressed as % mass
recovered at the end of the bio-elution test and compred with the results obtained from soluble
copper sulphate.

The results are summarised in the table below.

Relative bio-solubility of copper and copper compounds, 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

CuSO4 100

The results show a highest solubility of CuSO4 and CuCl.

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

Therefore in order to reduce the number of animal testing, as CuSO4 release more ion Cu®* than the
other copper compounds and it is considered that the toxic form is the Cu?* ion, all long term
studies by oral routes could be conducted on CuSO4, as the worst case.

4.1.2 Human information

Literature review on ADME

Copper is a micronutrient. It is essential for life and is employed in all living cells. It is used in
many enzyme systems, particularly in energy transfer where the property of electron transfer is
exploited in photosynthesis and catabolism. It has been the subject of intense research.

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

Most human diets naturally include between 1 and 2 mg/person/day of copper, with some
containing up to 4 mg/person/day. Copper levels in blood and tissues are generally stable. The body
is able to maintain a balance of dietary copper intake and excretion that allows normal physiological
processes to take place.

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

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

The left side of the “U” curve represents deficiency, where intake is less than the requirement. This
can be lethal, especially in children, where copper is needed for growth. Copper deficiency is
associated with growth retardation, anaemia, skin lesions, impaired immunity, intestinal atrophy,
impaired cardiac function, reproductive disturbance, neurological defects and skeletal lesions.
Copper is essential for normal physiological function such as cellular respiration, free radical
defence, synthesis of melanin, connective tissue, iron metabolism, regulation of gene expression,
and normal function of the heart, brain and immune system.

The central near-horizontal part of the “U” curve represents homeostasis, Where intake and
excretion are balanced, and copper levels are said to be normal.

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

The natural homeostatic regulation of copper means that an individual on a low copper diet will
retain more of an artificial dose of copper than an individual on a high copper diet.
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4.1.3  Summary and discussion on toxicokinetics

Copper is widely distributed in biological tissues, where it occurs largely in the form of organic
complexes, many of which are metalloproteins and function as enzymes. Copper enzymes are
involved in a variety of metabolic reactions, such as the utilisation of oxygen during cell
respiration and energy utilisation. They are also involved in the synthesis of essential compounds,
such as the complex protein of connective tissues of the skeleton and blood vessels, and in a range
of neuroactive compounds concerned in nervous tissue function.

Copper is present in almost all foods, most human diets naturally include between 1 to 2
mg/person/day of copper, with some containing up to 4 mg/person/day. Copper levels in blood and
tissues are generally stable; the body is able to maintain a balance of dietary copper intake and
excretion that allows normal physiological processes to take place. Up to 93 % of the copper in the
blood is bound to the enzyme caeruloplasmin, with the majority of the rest bound to albumin and
amino acids; there is strong evidence that absorbed copper is never released free in the blood or in
the cells.

A Dbioequivalence study was performed to compare copper hydroxide, copper oxychloride,
Bordeaux mixture, tribasic copper sulphate and copper (I) oxide with copper sulphate pentahydrate
on bile cannulated rats. Absorption, distribution and excretion rates were similar between the six
variants of copper following oral ingestion of 20 mg Cu/kg bw; liver was the principal organ of
regulation of copper and main excretion was via the bile. Liver copper levels increased
significantly following dosing with Tmax at 12 hours; depuration was rapid, with levels returning to
control by 48 hours after dosing. Plasma concentrations in both control and dose rats remained
unchanged.

Oral absorption of copper varies according to the diet, for humans a copper-adequate diet results in
36 % absorption, while a low copper diet results in 56 % absorption and a high copper diet in 12 %
absorption. Similar figures were found in rat, 50 % oral absorption was considered for this specie.
Distribution was directly from the intestine to the liver, which controls the distribution of copper to
the rest of the body via the bloodstream, bound to ceruloplasmin. Metabolism does not occur.
Copper do not accumulate except in cases of genetic disease or chronic administration of high
doses, where copper accumulates in the liver. Excretion is rapid, via the bile, in a trypsin-
independent protein fragment such that entero-hepatic circulation does not occur. Significant
amounts of copper are excreted bound to metallothioneins contained in intestinal brush border cells
sloughed off and lost in faeces; minor amounts are also excreted in urine and from skin and hair.

4.2  Acute toxicity
The acute toxicity of copper (I) oxide has been investigated in a number of studies.

Table 11: Summary table of relevant acute toxicity studies
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Method | Results

Remarks

Reference

Oral acute toxicity studies performed with copper (1) oxide
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Rat LDs, = 1340 mg/kg bw combined OECD 401 Collier TA,
Sprague-Dawley GLP Wilson JC
5/sex/group Deviations (1984a)
Copper (1) oxide Purity: not stated

200-431-928 and 2000 mg/kg bw Vehicle: Arachis oil BP

Acute exposure

14 days post exposure

Rat 200 mg/kg bw> LDs,>2000 mg/kg bw OECD 423 Dirscoll, R.
Sprague-Dawley GLP (1999a)
3/sex/group LDsp cutoff >300 mg/kg bwi/d No deviation

200 and 2000 mg/kg bw Purity: not stated

Single oral by gavage Vehicle: distilled water

14 days post exposure

Rat LDsy = 5400 mg/kg bw combined EPA Pesticide Nitka S.
Wistar albino assessment guideline (1991b)
5/sex/group GLP

Copper (1) oxide Deviations

2500-5000-6300 and 7940 mg/kg bw Purity: not stated

Acute exposure Vehicle: Corn oil

14 days post exposure

Inhalation toxicity studies performed with Copper (1) oxide

Rats LC50 = 2.92 mg/L in males OECD 403 Blagden,
Sprague-Dawley LC50 = 3.69 mg/L in females GLP S.M. (2001)
5/sex/group LC50 = 3.34 mg/L sexes combined No deviation

1.28, 2.37 and 5.25 mg/L (MMAD : Purity: not stated

1.92-2.03 pm)

Nose-only exposure system

4 hour exposure

14 days post exposure

Rat LCs > 30 mg/l combined OECD 403 Dickhaus S;
SPF-Wistar GLP Heisler E.
5/sex/group Deviations (19882)
Copper (1) oxide
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Mistspray

Nominal concentration: 30 mg/L
MMAD: no information

head only exposure

4 hours exposure

14 days post exposure

Rat LCso > 5 mg/l combined OECD 403 Fulfs JC.
Sprague-Dawley GLP (1990)
5/sex/ Deviations

Copper (1) oxide Purity: not stated

Concentration: 5.075 mg/L (analytical)

Limit test

No information on MMAD

Nose only exposure

4 hours exposure

14 days post exposure

Rat LCsp = 5.36 mg/l combined OECD 403 Greenough
Sprague-Dawley GLP RJ,
5/sex/group Deviations II;/IcDonaId
Copper (1) oxide Purity: not stated (1985a)
Dust

Concentration: 3.45-4.43 and 5.09

mg/L (analytical)

(MMAD : 4.41-5.10 pm)

Nose only exposure

4 hours exposure

14 days post exposure

Rat LCso =5 mg/l combined (approximately) OECD 403 Greenough
Sprague-Dawley GLP RJ,

5/sex Deviations |l;/|cDonaId
Copper (1) oxide Purity: not stated (1985b)
Aerosol

Concentration: 5.78 mg/L (analytical)
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MMAD: 4.63 +/- 1.58 pm
Nose only exposure

4 hours exposure

14 days post exposure

Dermal acute toxicity studies performed

with copper (I) oxide

Rats LDs, > 2000 mg/kg bw OECD 402 Dirscoll, R.
Sprague-Dawley CD GLP (1999b)
5/sex/group No deviation

2000 mg/kg bw Purity: not stated

24 hour exposure

14 days post exposure

Rabbit LDs, > 2000 mg/kg bw EPA Pesticide Nitka S.
New Zealand White assessment guideline (1991a)
5/sex/group GLP

Copper (1) oxide Deviations

2000 mg/kg bw Purity: not stated

(limit test) Occlusive

24h exposure
14 days post exposure
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421 Non-human information

4.2.1.1 Acute toxicity: oral

Reference:  Collier TA, Wilson JC (1984)
Guideline:  OECD 401
GLP: Yes
Deviations:  Yes
e Information on the test material including the batch no and the purity were not provided,
e no justification was given for the choice of vehicle,
e the lower limit for the temperature range of the animal room was slightly lower than that
recommended in the guideline,
e age of animals at study initiation is not indicated,

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

Copper (1) oxide was administered orally by gavage to groups of 5 male and 5 female fasted
Sprague-Dawley rats at a single dose of 200, 431, 928, and 2000 mg/kg bw. The test material was
suspended in arachis oil BP.

The animals were observed for deaths or overt signs of toxicity %, 1, 2 3, 4 and 5 hours after
dosing, subsequently once daily for up to 14 days.

Individual bodyweights were recorded on days 0, 7 and 14.

Surviving animals were killed on day 14. All animals that died during the study and those killed on
day 14 were subjected to a macroscopic post mortem examination. The macroscopic appearance of
abnormal organs was recorded.

The LDsoand 95% confidence limits were calculated using the method of Litchfield and Wilcoxon.

0/10, 0/10, 3/10 and 7/10 animals died at 200, 431, 928 and 2000 mg/kg bw (see table below).

Signs of reaction to treatment observed shortly after dosing in rats at all levels consisted of
piloerection, an abnormal body carriage (hunched posture), lethargy, a decreased respiratory rate
and diarrhoea. Other signs of toxicity observed in rats at some dose levels included ptosis, pallor of
the extremities, ataxia and staining around the ano-genital region. Recovery of the survivors, as
judged by external appearance and behaviour, was apparently complete by Day 13.

On study day 0, males weighed 107 to 216 g and the females weighed 122 to 171 g.

Depressed bodyweight gains or a bodyweight loss was recorded for female rats at 431 mg/kg bw
and above and for male rats at 928 mg/kg bw and above during the first week of observation, and
for most female rats during the second week of observation. Bodyweight gains of the remaining rats
were within normal limits throughout the two week observation period.

Autopsy of animals that died revealed pallor of the liver, dark colouration of the kidneys and spleen,
gaseous distention of the stomach and ulceration of the glandular region of the stomach and an
emptiness and dark staining of the gastro-intestinal tract.

Autopsy of the survivors did not reveal any microscopic abnormalities with the exception of one
female at 928 mg/kg bw in which an emptiness of the gastro-intestinal tract was observed.
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The acute oral LDsy were 1625 (903-2925) mg/kg bw in the rat male, between 928 and 2000 mg/kg
bw in the rat female and was estimated to be 1340 (918-1956) mg/kg bw. in the rat (male and
females combined).

Table 12: Summary and findings

Dose Number dead/ Time of death :
Sex number (range) Observations
[mg/kg bw] investigated g
Males 0/5 - Clinical signs observed shortly after dosing in
200 Fernal /5 rats at all levels consisted of piloerection,
emales ) hunched posture, lethargy, a decreased
Males /5 . respiratory rate and diarrhoea. Other signs of
431 toxicity observed in rats at some dose levels
Females 0/5 - included ptosis, pallor of the extremities, ataxia
and staining around the ano-genital region.
o8 Males 215 Day 5 All surviving animals gained bodyweight
during the study.
Females 1/5 Day 6 . g ) y
Autopsy of animals that died revealed pallor of
Male 2/5 Day 5-6 the liver, dark colouration of the kidneys and
spleen, gaseous distention of the stomach and
2000 ulceration of the glandular region of the
Females 5/5 Day 5-9 stomach and an emptiness and dark staining of
the gastro-intestinal tract.
LDs, Males and Females: 1340 (918 — 1956) mg/kg bw
LDsy Males only: 1625 (903 — 2925) mg/kg bw
LDsy Females only: between 928 and 2000 mg/kg bw

Reference:  Driscoll, R. (1999a)
Guideline:  OECD 423

GLP: Yes

Deviations:  None

Copper (I) oxide was administered as a suspension in distilled water. Groups of three male and
three female Sprague-Dawley CD rats were used. Dose levels of 200 and 2000 mg/kg bw were
administered by single oral administration by gavage using a metal cannula in 10 mL/kg on Day 1.
Animals were observed frequently on the day of dosing and then once daily for the 14-day post-
dosing period.

There were no mortalities at 200 mg/kg bw. At 2000 mg/kg bw, all males and two females died and
the deaths occurred between Day 4 and Day 7. There was a variety of clinical signs recorded
following 2000 mg/kg bw including hunched posture, piloerection, diarrhoea, lethargy, emaciation,
ptosis, decreased respiration rate, laboured respiration, ataxia, pallor of the extremities, dehydration,
tiptoe gait and staining around the eyes or snout. The signs occurred on Day 2 and the surviving
female had recovered by Day 9. No signs occurred following 200 mg/kg bw. A summary of
mortalities is presented in table below.

Surviving animals showed weight gain during the study.
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No gross findings were recorded in surviving animals. Necropsy finding in animals which died
during the study were an orange or green coloured material in the digestive tract, haemorrhagic
lungs, dark liver, dark kidneys and slight haemorrhage of the gastric mucosa.

Table 13: Mortalities following oral administration of copper (1) oxide to rats
Dose Males Females
(mg/kg bw) Mortality Time of death Mortality Time of death
200 0/3 - 0/3 -
Day 4; Day 6;
2000 3/3 Day 7 2/3 Day 7 (2)

Figures in parenthesis are the number which died on the day specified if more than one.

The acute oral LDsy of copper (I) oxide to the rat was estimated to be between 300 and

500 mg/kg bw.

Reference:

Guideline:
GLP: Yes
Deviations: Yes

e Information on the test material including the batch no and the purity were not provided,
e No justification for the choice of vehicle was provided,
e Incomplete reporting (results were not fully discussed).

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

Nitka S. (1991b)
EPA Pesticide assessment guideline

Ten (5 male and 5 female) Wistar albino rats, 208 to 224 g, each received a single oral dose of the
test article at a dose level of 5000 mg/kg/bw in corn oil. As this initial dose level indicated that the
LDsp was less than 5000 mg/kg/bw, further testing was necessary.
Groups of 5 male and 5 female Wistar albino rats, 202 to 248 g, received by gavage a single oral
dose of 2500, 5000, 6300 or 7940 mg/kg bw. The test article was used in gravimetric, corn oil

suspensions.
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All animals were observed for pharmacologic activity and drug toxicity 1, 3, 6, and 24 hours after
treatment, and daily thereafter for a total of 14 days. Body weights were recorded at the start of the
study, on day 7 and at the end of the study. Non-survivors and animals surviving the 14 day
observation period were subjected to gross necropsy, with all findings noted.

The LDsg was determined by Litchfield and Wilcoxon method.

0/10, 4/10, 0/10 and 8/10 rats died at 2500, 5000, 6300 and 7940 mg/kg bw, respectively.

Diarrhoea, dehydration and depression were the most common toxic signs observed. These were
reversed when the animals in question survived to 14 days. Hair loss and discoloration of the urine
and faeces were also observed.

Gross necropsy findings included: stomach distended, stomach and intestines filled with dark green
fluid, and small intestines reddened. One animal receiving 6300 mg/kg bw showed enlarged
kidneys.

The acute oral LDs in the rat (for males and females combined) was estimated to be approximately
5400 mg/kg bw.

4.2.1.2 Acute toxicity: inhalation

Reference:  Blagden, S.M. (2001)
Guideline:  OECD 403

GLP: Yes

Deviations: None

Copper (1) oxide was used for the study. Male and female Sprague-Dawley rats were used. Groups
of five males and five females were exposed to an aerosol atmosphere of the test substance at
gravimetric concentrations of 1.28, 2.37 and 5.25 mg/L for four hours using a nose-only exposure
system. Animals were observed for mortality and reaction to treatment every 60 minutes during
exposure, immediately after exposure, one hour after exposure on Day 1 then once daily for
14 days.

The exposure parameters are summarised in table below.

Table 14: Exposure parameters in acute inhalation toxicity study with copper (1) oxide

Parameter Value

Nominal concentration (mg/L) 2.58 4.90 12.2
Gravimetric concentration (mg/L) 1.28 2.37 5.25
Flow rate (L/min.) 15.6 22.5 30.3
Particle size: MMAD (um) 2.29 2.58 2.57
(standard geometric deviation) (2.03) (1.92) | (2.00)
Respirable particles < 6 um (%) 90.2 90.9 88.3

There was one male mortality at 1.28 mg/L but no female mortalities. At 2.37 mg/L, two males and
one female died. At 5.25 mg/L, four males and four females died. All deaths occurred on the day of
exposure or within two days after exposure. Clinical symptoms during exposure included wet fur,
increased or decreased respiratory rate and laboured respiration, and test material staining of the
head. After exposure, similar signs were recorded together with hunched posture, piloerection,
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pallor of the extremities, ptosis, ataxia, lethargy, gasping or noisy respiration and cyanosis.
Surviving animals recovered by Day 10. Mortalities are summarized in table below.

Table 15: Summary of mortalities following inhalation administration of copper (I) oxide
Gravimetric Males Females
((:r(?r]r;](/:eLr)]tratlon Mortality Time of death Mortality Time of death
1.28 1/5 Day 2 0/5 -
2.37 2/5 Day 2; Day 3 1/5 Day 2
Day 1; Day 2
5.25 415 Day 1 (4) 415 3)

Figures in parenthesis are the number which died on the day specified if more than one.

Several surviving animals lost weight or showed reduced weight gain in the first week after
treatment, but all gained weight in the second week except for one female treated at 1.28 mg/L.

At necropsy, the animals which died during the study (or were Kkilled in extremis) showed
enlargement and discoloration (pallor, red or dark appearance, dark patches) of the lungs and fluid
filled lungs. There were also isolated cases of small intestines, pallor of the liver, pale kidneys and
accentuated lobular pattern on the liver. The majority of surviving animals showed similar lung
abnormalities to those of decedents.

The acute inhalation LCso (4-hour) of copper (1) oxide to the rat was 2.92 mg/L for males (with
95% confidence limits of 1.49 to 5.72 mg/L), 3.69 mg/L for females (with 95% confidence limits of
2.24 to 6.08 mg/L) and 3.34 mg/L for the sexes combined (with 95% confidence limits of 2.27 to
4.91 mg/L).

Reference:  Dickhaus S; Heisler E. (1988)
Guideline:  OECD 403
GLP: Yes
Deviations:  Yes
e Test material concentrations in the test breathing zone, and particle size distribution were
not measured,
e Age and source of test animals was not given,
e Study methods are generally poorly described.

The study report is poorly written. All efforts have been made to accurately represent the data in
this summary.

Three groups of 5 female and 5 male SPF Wistar rats were exposed by head-only for 4 hours to
copper (1) oxide powder (60 g/hr) or a 10 or 40 % aqueous suspension of copper (1) oxide (60
ml/hr). The air flow was adjusted to 2000 I/h. This gave a nominal concentration of 30 mg/l.
However, no information on particle size was available.

Clinical observations were performed during test material administration, during 2 hrs post
administration, then after 7 and 14 days. Body weights were recorded at the start of the study and
after 14 days. All animals were subjected to a macroscopic examination.
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There were no deaths.

A similar clinical picture was seen in all three groups. Clinical signs, evident during or immediately
following exposure, included: apathy, sedation, difficult respiration, squat position, reduced
reflexes, disturbance of coordination, and tremors.

Group 1 animals (exposed to powder) showed reduced body weight gains. Group 2 and 3 (exposed
to aqueous suspension of copper (I) oxide) animals were reported to have shown normal body
weight gains.

No macroscopic changes were seen in the abdomen or cranial cavity. Examination of lungs of all
three groups revealed hemorrhagic infiltrated localisations and multiple red points.

The LCs (4h) of cuprous oxide in the male and female SPF Wistar rat was found to be greater than
a nominal concentration of 30 mg/l (the highest achievable concentration).

Test material concentrations were not analysed in this study however the highest achievable
concentration was administered.

Reference:  Fulfs JC. (1990)
Guideline:  OECD 403
GLP: Yes
Deviations:  Yes
e Particle size distribution was not measured,
e the purity of the test substance was not reported,
e tables of individual clinical signs are not presented,
e age of test animals was not given.

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

One group of 5 female and 5 male Sprague-Dawley rats, weighting 208.8 to 319.8 g, was exposed
by nose-only to cuprous oxide for 4 hours. The time weighted average concentration of copper (1)
oxide measured in the breathing zone samples was 5.075 mg/l. However, no information on particle
size was provided.

All the rats were observed at 1, 2 and 4 hours post dosing and daily thereafter (14 days) for overt
signs of toxicity and/or mortality. Body weights were recorded on study days 0, 1, 7 and 14. All
animals were subjected to a gross necropsy at the scheduled termination study.

There were no deaths.

All animals appeared unkempt at 1, 2, and 4 hours following exposure. In addition one male rat
appeared unkempt on day 1 and a further male rat appeared unkempt on days 1 and 2 and showed
decreased motor activity on day 2. As these animals had been confined to the animal holding tube
for period of exposure and then bathed upon removal, it was difficult to determine if their unkempt
nature was due to exposure or to handling.

8/10 animals showed weight loss on the day after treatment. All animals showed an overall body
weight gain at the end of the study.

Gross necropsy at the scheduled termination revealed no abnormal findings.

The acute inhalation LCso (4h) of cuprous oxide in the male and female Sprague Dawley rat was
found to be greater than 5 mg/I.
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Reference:  Greenough R J, McDonald P. (1985a)
Guideline:  OECD 403
GLP: Yes
Deviations:  Yes
¢ No information on test substance purity was given,
e Procedures for clinical signs observation were inadequately described in the report, and
tables of individual clinical signs were not provided,
e The guideline requires that inhalation equipment should produce 12 to 15 air changes per
hour and an oxygen content of 19%. Compliance cannot be confirmed on the basis of the
test method description in the report.

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

Three groups of 5 female and 5 male Sprague-Dawley rats were exposed by the nose-only to dust of
copper (1) oxide for 4 hours. The mean chamber concentrations of copper (I) oxide measured in
breathing zone samples using a gravimetric method were at 3.45, 4.43 or 5.09 mg/l (see table
below).

Table 16: Analytical concentrations and % respirable particles
Grou Nominal Analytical % respirable particles
P (mg/ml) (mg/l) (<4.7 um)
1 20.10 5.09 65.1
2 11.53 3.45 52.4
3 12.54 4.43 57.9

All the rats were observed for clinical signs at frequent intervals throughout the exposure period and
for the first 1 h post dosing. All surviving animals were observed at least once daily during the
subsequent 14 day post exposure period.

All the rats were weighted immediately before dosing and on Days 2, 3, 4, 7, 10 and 14 post-
exposure.

All mortalities were subjected to a macroscopic post mortem examination as soon as possible after
death.

At the end of the 14 day observation period the animals were sacrificed and subjected to a
macroscopic post mortem examination as follows:

Each rat was examined prior to opening the abdominal and thoracic cavities. The respiratory tract
was subjected to a detailed macroscopic examination for signs of irritancy or local toxicity. All
organs were examined in situ. The lungs of each animal were removed and weighed to allow
calculation of lung-to-body weight ratios.

The LC50 was determined by Finney method.



CLH REPORT FOR COPPER (I) OXIDE

The mortality pattern observed was as follows:

DSOS;GLZ\)/%?/ Animal No/ sex Time of Death Percentage of death
1 4M,7F Found dead at 11:00 h on Day 1 post exposure 50%
5.09mg/l |10F Found dead at 13:30 h on Day 1 postexposure
3M,8F Found dead at 10:00 h on Day 2 postexposure
3 452mg I 13 M Found dead at ca. 11:00 hon Day 2 post exposure 10%
3 23 M Found dead at ca 11:00 hon Day 1 post exposure 20%
443 g 22 M Found dead at ca 11:00 hon Day 2 post exposure

Animals from all groups showed struggling behaviour and increased urination and defecation
during loading into the restraint tubes. Respiratory depression (ca 40%) was noted for all groups
during exposure to cuprous oxide.

Following exposure all animals showed extensive red/brown body staining and exhibited a
generally depressed condition. Respiratory abnormalities were recorded for Groups 2 and 3 (3.45
and 4.43 mg/l, respectively).

On Day 1 post exposure the surviving animals still tended to show a generally depressed condition,
laboured respiration, and red/ brown body staining. The persistence of these signs appeared to be
dose related with the surviving animals, exposed to the highest concentration of 5.09 mg/l, showing
respiratory abnormalities and red/brown body staining for up to 5 and 10 days respectively
following exposure.

All animals which survived exposure to cuprous oxide exhibited a body weight loss. The weight
loss had been regained by Day 7 of the observation period, however, the overall weight gain
recorded at the end of the 14 day observation period was considered to be reduced.

Gross pathological examination of those animals which died following exposure to cuprous oxide
revealed the lungs to have a haemorrhagic appearance.

Brown areas were observed in the lungs of several animals, from all dose levels, sacrificed at the
end of the 14 day observation period. These brown areas may possibly be due to the accumulation
of pigment-laden (haemosiderin) macrophages. However, without histopathological evidence this
cannot be confirmed.

Lung to Body Weight Ratios

Lung to body weight ratios for all animals that died following exposure to cuprous oxide were
markedly elevated. This was attributed to the presence of pulmonary haemorrhage and oedema.

Values observed for the animals, especially the females, sacrificed at the end of the 14 day
observation period were considered to be slightly elevated. This finding may be attributable to
residual pulmonary damage and/or to the lower body weight profile observed.

LCso (4 h) in male and female rats was calculated to be 5.36 mg/l with 95% confidence limits of
4.39-6.54 mgl/l.

Reference:  Greenough R J, McDonald P. (1985b)
Guideline:  OECD 403
GLP: Yes
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Deviations: Yes

¢ No information on test substance purity was given,

e The age of test animals was not reported,

e Procedures for clinical signs observation were inadequately described in the report, and
tables of individual clinical signs were not provided,

¢ Animal room temperature, and humidity during the test procedure showed slightly lower
limits than those recommended in the test guideline,

e The guideline requires that inhalation equipment should produce 12 to 15 air changes per
hour and an oxygen content of 19%. Compliance cannot be confirmed on the basis of the
test method description in the report.

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

One group of 5 females and 5 males Sprague-Dawley rats were exposed by the nose-only to an
aerosol of cuprous oxide for 4 hours. The mean chamber concentration of cuprous oxide measured
in breathing zone samples using a gravimetric method was 5.78 mg/l (nominal concentration: 15.02
mg/l). The mass median diameter of particles was 4.63 (x 1.58) pm.

All the rats were observed for clinical signs at frequent intervals throughout the exposure period and
for the first 1 h post dosing. All surviving animals were observed at least once daily during the
subsequent 14 day post exposure period.

Body weights were recorded immediately before dosing and on Days 2, 3, 4, 7, 10 and 14 post-
exposure.

At the end of the 14 day observation period the animals were sacrificed and subjected to a
macroscopic post mortem examination as follows:

Each rat was examined prior to opening the abdominal and thoracic cavities. The respiratory tract
was subjected to a detailed macroscopic examination for signs of irritancy or local toxicity. All
organs were examined in situ.

All mortalities were subjected to a macroscopic post mortem examination as soon as possible after
death.

Struggling, and increased urination and defecation were observed for all animals during loading into
the restraint tubes.

During exposure to cuprous oxide all animals showed a marked reduction in respiratory rate. At the
end of the exposure period the animals were returned to their cages; all appeared subdued and
showed piloerection and pronounced/laboured respiration.

On Day 1 post exposure 3 male and 3 female animals were found dead (see table below). The
surviving animals were in an extremely poor condition; showing a subdued/hunched appearance,
piloerection, hypothermia, ataxia, pronounced/laboured respiration and red/brown staining on their
fur.

By Day 2 post exposure the condition of the surviving animals (2 males and 2 females) had
deteriorated further. Over Days 3 and 4 of the observation period the condition of the animals
stabilised, a blue discolouration was observed around the peri-anal region. On Day 4 one of the
surviving male animals showed a prominent, bulbous penis. The animal’s movement was impaired
and there was little sign of the penis returning to its normal position. The animal was subsequently
sacrificed on humane grounds. The penile protrusion was not considered to be directly attributable
to exposure to cuprous oxide, although stress related to the treatment procedures may possibly have
been a contributing cause.
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A marked improvement in the condition of the surviving animals was observed by Day 5 of the
observation period. However, the animals still appeared subdued, hunched, and showed pronounced
respiration and a slightly emaciated and unkempt condition.

Over Days 6-11 the animals showed a gradual recovery. No abnormalities were observed during the
remainder of the 14 day observation period.

All animals showed a body weight loss following exposure to cuprous oxide. Body weight profiles
for the surviving animals were depressed. Weight gain at the end of the 14 day observation period
was markedly reduced.

Gross pathological examination of the animals which died following exposure to cuprous oxide
revealed the lungs to be grossly enlarged and to have a haemorrhagic appearance. A white frothy
fluid was also present in the trachea of 3 of the premature decedents.

Those animals which were sacrificed after completion of the 14 day observation period also showed
enlarged lungs. Brown areas were also present in the lungs; these were probably due to the
accumulation of pigment-laden (haemosiderin) macrophages and were considered to be indicative
of previous haemorrhage.

5.78 mg/l of cuprous oxide was considered lethal to rats under the exaggerated exposure regimen
used in this study. Sixty percent of the animals died following exposure. One animal was sacrificed
on humane grounds because of impaired mobility due to an enlarged penis.

Marked respiratory depression during exposure and the post mortem observation of pulmonary
haemorrhage in the lungs of all animals were attributable to exposure to cuprous oxide.

From the results obtained in this limit test it is considered that the inhalation LCsp (4 h) in rats is
approximately 5 mg/l. In order to define the LCsy value more accurately it is recommended that a
multi-dose level study be undertaken.

Table 17: Acute inhalation toxicity study - Summary of findings

Dose Number of dead / Time of death

[mg/1] number of investigated (range) Observations

5.78 . During exposure to cuprous oxide all animals showed a
(Males) 3*/5 Day 1 marked reduction in respiratory rate.

Clinical signs, evident from the end of the exposure period

up to day 11, included: subdued, hunched appearance,
piloerection, hypothermia, ataxia, pronounced/laboured
respiration and red/brown staining of the fur, a blue
discolouration around the peri-anal region and slightly
emaciated and unkempt condition.

5.78 3/5 Day 1 Weight gain of surviving animals was markedly reduced.

(Females) The lungs of animals that died were grossly enlarged with
haemorrhagic appearance. A white frothy fluid was also
present in the trachea of 3 of the premature decedents.
Surviving animals also showed enlarged lungs containing
brown areas that were considered to be indicative of
previous haemorrhage.

LCso approximately 5 mg/l (males and females)

* In addition, one male animal was sacrificed on humane grounds on day 4 because of impaired mobility due to an enlarged

penis. This death was not directly attributed to the test material.
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4.2.1.3 Acute toxicity: dermal

Reference:  Driscoll, R. (1999b)
Guideline:  OECD 402

GLP: Yes

Deviation None

Copper (1) oxide was moistened with distilled water prior to application. Five male and five female
Sprague-Dawley CD rats ere housed in groups of five by sex and acclimatised prior to dosing. A
dose level of 2000 mg/kg bw was applied to an area of intact shaven skin, equivalent to
approximately 10% of the total body surface area, on each rat on Day 1. The treated area was
covered with surgical gauze and a self-adhesive bandage. After 24 hours, the bandage was removed
and the skin wiped with moistened cotton wool to remove residual test substance. Animals were
observed for treatment-related clinical signs frequently on the day of administration and once daily
for the 14-day post-dosing period. Skin reactions were recorded daily from Day 2.

There were no mortalities and no clinical signs of toxicity. Brown staining of the skin at the
treatment sites was observed on Day 2 and Day 3, which prevented accurate assessment of
erythema. No sign of skin irritation was observed.

All animals showed acceptable weight gain during the study.
No gross findings were recorded at necropsy.
The acute dermal LDs, of copper (I) oxide to the rat was greater than 2000 mg/kg bw.

Reference:  Nitka S. (1991a)
Guideline:  EPA Pesticide assessment guideline
GLP: Yes
Deviations: Yes
e Housing conditions: humidity range not provided,
e The nature of the clinical observation was not reported.

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

Copper (1) oxide, moistened with distilled water, was applied to the shaven, intact dorsal skin (10%
of body surface) of 5 male and 5 female New Zealand White rabbits, 2.05 to 2.54 kg, at 2000 mg/kg
bw under an occlusive bandage. After a 24 h exposure period the dressing was removed and any
excess test article was wiped off the skin using distilled water.

Animals were observed for overt signs of toxicity and skin reactions 1, 3, 6 and 24 hours after test
material application, and each day thereafter for the remainder of the study (14 days). Dermal
irritation was measured using pre-defined scoring criteria. Individual bodyweights were recorded on
days 0, 7 and terminally.
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Survivors and animals which succumbed during the 14 day observation period were subjected to
gross necropsy with all findings noted.

There were no deaths.

There were no clinical signs of systemic toxicity. All but one animal gained weight during the
study.

A few animals showed slightly reddened skin on the test site. One animal showed dry, reddened and
swollen skin on test site.

One animal was found to have a liver lesion (on the anterior aspect of the medium lobe, yellow in
colour, approximately 0.5 * 0.25 cm) at necropsy. No other abnormalities were noted at necropsy.

The acute dermal LDs, in the New Zealand White male and female rabbit was found 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 effects in humans and inhalation of copper-containing
materials.

Published studies on acute effects in humans appear to have focussed on metal fume fever (MFF)!
and possible association with copper exposure. This subject has been reviewed extensively by
Borak et al (2000) with the aim of establishing whether there is an association between exposure to
copper and MFF. The review was based on seven reports, identified in a literature search as the only
reports that contained original descriptions of copper-exposed workers who developed symptoms
consistent with MFF. These seven reports are summarised below.

The earliest publication by Hansen (1911) provided a brief report of MFF-like symptoms in 10
males working in a research foundry where scrap copper was melted. The symptoms occurred as an
isolated incident. No qualitative or quantitative data concerning exposure were provided. The
isolated nature of this incident was considered by Borak et al to indicate an association with
exposure to contaminants other than copper.

Koelsch et al (1923) reported the occurrence of symptoms that included chest discomfort, shivering,
nausea and fever in 10 men performing hot rolling of copper bars in a rolling mill. The symptoms,
which had not previously been associated with the process, resolved in 24 hours. No qualitative or
quantitative exposure data were presented. As with the previous study, the isolated nature of this
incident suggested to Borak et al that contaminants other than copper were involved.

Friberg and Thrysin (1947) reported MFF-like syndrome in approximately 50 workers involved in
cleaning reactor ovens where pulverised copper was used as a catalyst. During the cleaning task,
heads and faces of the workers were reported to be covered in dust consisting mainly of cuprous
and cupric oxides. Initial symptoms included throat discomfort, burning eyes, nausea and headache,

1 Metal fume fever (MFF) is a transient illness which appears to develop 4-12 hours after occupational exposure to metal fume. MFF presents as an
influenza-like illness with cough and dyspnoea followed by fever, sweating and shivering. Other accompanying clinical signs and symptoms are
nausea, headache, weakness, a sweet metallic taste, and muscle and joint pain.
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followed by flu-like symptoms, nausea, vomiting, diarrhoea and chest discomfort. In many workers,
symptoms persisted for more than 72 hours. Quantitative exposure data was not provided. Dust
particles were reported to range from 1-15 pum diameter, with more than 70% >5 um. Given that
MFF is typically associated with fine particles (< 1 pum diameter), Borak et al considered that the
study did not support association between copper and MFF. Further, the heavy exposure indicated
in this study is not generally associated with occurrence of MFF.

Schiotz (1949) reported the occurrence of initial symptoms such as metallic taste, throat dryness
and slight chest oppression, followed by shivering, sweating and fever among seven workers
involved in pulverising cuprous oxide during the production of marine paint. Symptoms subsided
after 20-30 hours. Quantitative exposure data were not provided, although the described working
conditions indicated very high levels of exposure.

Gleason (1968) reported symptoms in workers exposed to dust generated during polishing of copper
plates with aluminium oxide abrasives. Symptoms were reportedly similar to “the onset of a
common cold with chills or warmth, stuffiness of the head, etc”. Lower respiratory symptoms were
not reported, nor were other symptoms characteristic of MFF. Quantitative exposure data were
limited to a single breathing zone sample, indicating 0.12 mg/m?, although the study’s author
suggested exposure levels may have been “two or three times” higher. In this report, symptoms
persisted for several weeks until ventilation was introduced, a feature which is not usually
associated with MFF. In view of the absence of many symptoms characteristic of MFF and the
persistence of the reported symptoms, Borak et al considered that the condition was unlikely to be
MFF. Further, co-exposure to aluminium oxide was also likely, a metal also implicated in MFF
aetiology.

Hopper (1978) described the single case of a foundry worker who developed an isolated episode of
symptoms which included headache, cough, chest pain, chills and shortness of breath. Symptoms
occurred shortly after exposure to a molten alloy of copper, beryllium and aluminium, which was
poured into vessel containing alcohol and adhesive glue. Exposure data were not presented. Borak
et al noted the co-exposure to other metals which have been implicated in MFF aetiology and the
likely exposure to other potentially harmful substances. Consequently this case-report was not
considered as providing evidence of an association between copper and MFF.

Armstrong et al (1983) reported symptoms of MFF in a group of 26 workers after cutting brass
pipes (containing 90% copper, 10% nickel, and smaller amounts of zinc) with torches in a confined
space. Symptoms included fever, chills, headache, dyspnoea and nausea. Exposure data for the
different metals were not provided, although a description of the process indicated that high
exposure levels were likely. As with the previous two studies, Borak et al considered that co-
exposure to other metals implicated in MFF prevented identification of copper as the causative
agent.

None of the seven studies covered by the review provided adequate exposure data, qualitative or
quantitative, to enable identification of the causative agent(s) associated with the reported
symptoms. Further, as noted by Borak et al, there was a lack of any occupational pattern associated
with the MFF symptoms, as indicated by the range of industrial processes covered (foundry work,
rolling mill, paint production, metal polishing and pipe cutting). The conclusion of Borak et al was
that, based on the seven studies identified in the literature search, there is insufficient evidence to
conclude that exposure to copper dust or fume causes MFF. Based on data which are currently
available, this conclusion would appear to be justified.

Dermal

Thare are no published data on acute dermal effects of copper or copper compounds.



CLH REPORT FOR COPPER (I) OXIDE

Oral
Self-poisoning

Self-poisoning with copper sulphate is rare in western countries but has been a common method of
suicide among low income groups in some areas of India. The most extensive study concerns 48
cases, including 7 fatalities (15%), admitted to one hospital in Delhi and 5 fatalities reported to
other Dehli hospitals (Chuttani et al, 1965). The most frequent symptoms observed in subjects were
nausea, epigastrial burning and vomiting. In addition, diarrhoea was reported in 14 patients (29%).
Biopsy examination of fatalities indicated deep erosions in gastric mucosa, haemorrhage in the
stomach and small intestine and oedema in the sub mucosa. Jaundice of variable severity occurred
in 11/48 cases (23%). In the more severe cases, palpable liver enlargement, significantly elevated
serum glutamic oxaloacetic transaminase (SGOT, 252.4 £142 [U) and elevated bilirubin (112 +8.9
mg/litre) were observed. Biopsy examination of liver tissue from fatalities showed centrilobular
necrosis and biliary stasis. Post-mortem examination also indicated swollen and congested kidneys
with glomerular swelling and necrosis of tubular cells. Anuria was reported in 13/48 patients (27%)
and oliguria in 5/48 (10%). Red discolouration of urine was observed, with haemoglobinuria
confirmed in some patients. These findings suggest haemolysis and are consistent with other
reports. Haematocrit and serum/plasma appearances were not reported. Serum or blood levels of
copper in the cases were elevated 2- or 3-fold compared to normal values. Estimated quantities of
copper ingested were based on patients’ accounts and therefore are unreliable. Consequently, this
study provides no reliable data which can be used for human hazard assessment.

Subsequent case reports describe massive overdoses of copper sulphate (175 g) by a 22 year-old
Indian male (Mittal, 1972) and 250 g by a 42 year old US male (Jantsch et al, 1985). Both patients
survived following rapid chelation therapy with single or multiple injections of dimercaprol. The
amounts ingested were considerably greater than the highest estimated dose reported by Chuttani
and co-workers (1965). It therefore seems probable that survival of these patients was attributable to
immediate chelation therapy.

Accidental ingestion

The ingestion of a relatively small amount of copper sulphate (3 g), together with an equal amount
of zinc sulphate, by an 86 year-old female patient has also been reported (Hantson et al, 1996). The
patient was admitted to hospital vomiting blue/green material and she had diarrhoea. Gastric lavage,
dehydration and chelation therapy with dimercaprol were performed. The patient then suffered
hypotension, bronchial inflammation and ulceration and a decline in respiratory function. These
symptoms were interpreted as corrosive pneumonitis. The patient was placed on a mechanical
ventilator for three days and subsequently made a complete recovery. In this case, the symptoms
may have been exacerbated by the patient’s age and health status, but may also have been mitigated
to some extent by the co-ingestion of zinc sulphate which may have served to limit copper uptake
and the severity of the systemic effects.

Therapeutic treatment

Systemic effects, including renal damage and thrombocytopaenic purpura, were reported in a 17-
year old boy who was given 1% copper sulphate (2 mg/day) orally for treating vitiligo (Pande and
Gupta, 1969).
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4.2.3  Summary and discussion of acute toxicity

Acute oral studies:

Majority of studies on copper (I) oxide provided LDsy values between 200 and 2000 mg/kg bw but
superior to 300 mg/kg bw (Collier and al. and Dirscoll). Only one study (Nitka) provided a LDs, of
5400 mg/kg. The different LDso values reported may be a result of different particle sizes of the
materials tested and/or different vehicles used for administering the test substance.

Taking the result of the Dirscoll study as representing the worst case, the acute oral LD50 was
between 300 and 500 mg/kg bw and the data do meet the criteria requiring classification.

Dermal studies:

In the two studies (Dirscoll and Nitka), copper (1) oxide had no effect on mortality, clinical signs of
toxicity and necropsy findings at 2000 mg/kg bw. The data do not meet the criteria requiring
classification.

Inhalation studies:
Different LCsq values were derived from two acute inhalation studies:

e 5.36 mg/L (Greenough and al.)
e 3.34 mg/L (Blagden)

Difference between these two values, both determined from studies which adhered to guidelines
procedure, may be attributed to the different particles sizes used in the 2 studies. Mass mean
diameter values for copper (1) oxide tested in the Blagden study (1.92-2.03 um) were lower than
copper (1) oxide tested in the Greenough and al. study (4.41-5.1 pum). Exposure by inhalation to
smaller particles would be expected to be associated with greater toxicity and consequently a lower
LCso. A MMAD between 1 and 4um with a geometric standard deviation (cg) in the range of 1.5 to
3.0 is recommended by OECD guideline.

In the studies of Fulfs and Dickaus, LCsy were determined as > 5 mg/L. However, as no particle
size distribution data and no analytical concentration for Dickaus study were available, it is difficult
to compare results from these studies with those from the previous two studies.

Taking the results of the Blagden study as representing the worst case, the acute inhalation toxicity
data for copper (I) oxide do meet the criteria requiring classification (< 5 mg/L).

4.2.4  Comparison with criteria

Acute oral toxicity:

The oral LDso also lies within the range (300-2000 mg/kg) for classification as Acute Tox.4 (H302:
Harmful if swallowed) under regulation (EC) 1272/2008.

Acute inhalation toxicity:

The inhalation LCso lies within the range 1<category 4< 5 mg/L/4hours for classification as Acute
Tox. 4 (H332: Harmful if inhaled) under regulation (EC) 1272/2008.
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Acute dermal toxicity:

The dermal LDso lies above the classification cut-off of 2000 mg/kg under regulation (EC)
1272/2008 therefore no classification is proposed.

4.2.5 Conclusions on classification and labelling

Based on the results of the acute oral toxicity studies, copper (1) oxide is classified as Acute Tox.4-
H302.

Copper (1) oxide was found to be toxic to rat by inhalation. A a classification Acute Tox.4-H332 is
proposed based on the CLP criteria.

4.3  Specific target organ toxicity — single exposure (STOT SE)

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

The human has well recorded homeostatic mechanisms to control excess copper levels in the body
by a combination of decreased absorption and increased excretion. Human epidemiological data is
available however information is limited regarding doses consumed and exposure. Acute toxicity in
humans is infrequent and generally results from ingestion of contaminated foodstuffs/beverages, for
suicide purposes.

A paper by Chuttani (Chuttani et al, 1965) reviewed 53 cases of copper sulphate poisoning with
ingestion varying between 1 and 100g. Jaundice was recorded as a symptom with post mortem
examinations showing that the liver had signs of severe histological changes. A kidney biopsy
showed swelling and necrosis in two patients, and following an autopsy of patients who had died, a
congested kidney was observed. Emesis and irritation of the gastric mucosa was observed in all
patients.

A case was reported where a male ingested an estimated 175g of copper sulphate, renal damage was
observed (Mittal, 1972).

In acute animal studies with copper (I) oxide the following clinical signs and necropsy findings
were observed.

An acute oral toxicity study was conducted in rats (Driscoll, R., 1999a). At 2000 mg/kg bw, all
males and two females died. There was a variety of clinical signs recorded following 2000 mg/kg
bw including hunched posture, piloerection, diarrhoea, lethargy, emaciation, ptosis, decreased
respiration rate, laboured respiration, ataxia, pallor of the extremities, dehydration, tiptoe gait and
staining around the eyes or snout. No signs and no mortalities occurred following 200 mg/kg bw.
No gross findings were recorded in surviving animals.

Acute dermal toxicity was conducted in rats (Driscoll, R., 1999b). There were no mortalities and no
clinical signs of toxicity. No gross findings were recorded at necropsy

In the acute inhalation study in rats (Blagden, S.M., 2001), clinical symptoms during exposure
included wet fur, increased or decreased respiratory rate and laboured respiration, and test material
staining of the head. After exposure, similar signs were recorded together with hunched posture,
piloerection, pallor of the extremities, ptosis, ataxia, lethargy, gasping or noisy respiration and
cyanosis. At necropsy, the animals which died during the study (or were killed in extremis) showed
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enlargement and discoloration (pallor, red or dark appearance, dark patches) of the lungs and fluid
filled lungs. There were also isolated cases of small intestines, pallor of the liver, pale kidneys and
accentuated lobular pattern on the liver. The majority of surviving animals showed similar lung
abnormalities to those of decedents.

Copper (1) oxide is classified as harmful by inhalation and ingestion, the clinical observations and
effects seen at necropsy are not considered relevant for the classification as STOT SE as lethality is
seen in these studies.

4.3.2  Comparison with criteria

There was no clear evidence of any specific toxic effects on a target organ or tissue in experimental
studies. Clinical signs of toxicity were observed after single exposures to copper hydroxide but
were transient in nature and are considered to be unspecific signs of general acute toxicity.

In humans, cases of liver and kidney damage further to a single exposure to copper sulphate were
reported but were secondary to either massive or poorly reported doses.

4.3.3  Conclusions on classification and labelling

No classification as STOT-SE under regulation (EC) 1272/2008 is proposed. No classification or
SCLs are considered necessary.

4.4 Irritation

4.4.1 Skinirritation
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Table 18: Summary table of relevant skin irritation study

Method Results Remarks Reference
Rabbit Average score 24, 48, 72h: OECD 404 Collier TA,
New Zealand white Erythema: 0.0 GLP Wilson JC.
3 animals Oedema: 0.0 Deviation (1984c)
Copper (1) oxide Not a skin irritant. Purity: not stated

0.5¢

4 hours of exposure

72 hours post exposure

Rabbit Wetted 1:1 with water OECD 404 Dickhaus S,
New Zealand white Average score 24 and 72h: GLP Heisler E.
6 animals (3 abraded + 3 intact Erythema: 0.0 Deviation (1988c)
skin) Oedema: 0.0 Purity: not stated

Copper (1) oxide

0.5g Wetted 1:1 with water 10 % suspension in Tylose

0.5 ml of 10 % suspension in Average score 24 and 72h:

Tylose Erythema: 0.0

4 hours of exposure Oedema: 0.0

7 days post exposure Not a skin irritant.

Rabbit Average score 24, 48, 72h: OECD 404 Dirscoll, R.
New Zealand white Erythema: 0.0 GLP (1999c)

3 males Oedema: 0.0 No deviation

Copper (I) oxide Not a skin irritant Purity: not stated

4 hours of exposure

4.4.1.1 Non-human information

Reference:  Collier TA, Wilson JC. (1984c)
Guideline:  OECD 404
GLP: Yes

Deviations: Yes

e The rationale for in vivo testing,

e test substance purity,
e number of animals of each sex,
¢ Individual animal weight at the conclusion of the test.

These deviations are not considered to have influenced the outcome or the integrity of the study.
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An amount of 0.5 g of copper (I) oxide, moistened with sterile distilled water, was applied to the
shaven, intact dorsal skin of 3 New Zealand White rabbits (weighting 2.42-2.81 Kg) under a semi
occlusive bandage. The test material was introduced under a patch which consisted of a 2.5 cm
square of surgical gauze two layers thick. The test material was held in contact with the skin by the
patch which was secured in position with two lengths of Sleek adhesive strapping in the form of a
cross. After a 4 h exposure period the dressing was removed by gentle swabbing with cotton wool
soaked in lukewarm water.

Approximately one hour following the removal of the patches, and 24, 48 and 72 hours later, the
test sites were examined for evidence of primary irritation and scored according to the Draize scale
(table below).

Very slight erythema, with or without very slight oedema was observed in all three rabbits at the
one hour reading only.

No dermal irritation was seen, in any of the three rabbits tested, after 24, 48 or 72 h.

Table 19: Dermal irritation score

Skin reaction Reading Animal
(hours) 1 2 3
1 1 1 1

Erythema and 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 1 0

Oedema formation 24 0 0 0
48 0 0 0
72 0 0 0

Mean scores (24, 48 and 72 h) 0 0 0

Reference:  Dickhaus S, Heisler E. (1988c)
Guideline:  OECD 404
GLP: Yes
Deviations:  Yes
e The technique of patch site preparation,
e the method used to remove residual test substance,
e details of test animals (source; age of animals at the start of the study; number of animals of
each sex; individual animal weight at the start and conclusion of the test),
¢ the rationale for in vivo testing,
e test substance purity,
e scores after 48 h are not presented.

These deviations however are not considered to have influenced the outcome or the integrity of the
study.
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Test 1: An amount of 0.5 g of copper (1) oxide, moistened with water, was applied to the shaven,
intact or abraded dorsal skin of 5 New Zealand White rabbits under a semi occlusive bandage
(2.5*2.5 cm).

Test 2: A ten percent suspension of copper (1) oxide in Tylose (0.5 ml), was applied to the shaven,
intact or abraded dorsal skin of 5 New Zealand White rabbits under a semi occlusive bandage.

After a 4 h exposure period the bandages were removed and residual test substance was removed.
The study report indicates that local reactions were evaluated after 1 hour, and every 24 hours
thereafter up to 7 days. However, only scores after 24h, 72h, and 7 days are presented. The Draize
scale was used to score.

Treated and untreated skin sites in the same animals were compared.

Sight oedema was observed in the abraded skin of 2/5 animals receiving 0.5 g of copper (I) oxide
moistened with water at the 24 hour reading only (tables below).

No dermal irritation was seen on the intact test sites of any of the ten rabbits tested, at any time-
point.

Table 20: Dermal irritation scores (Copper (I) oxide —wetted 1:1 with water)
Response Animal number
Reading ! 2 3 4 S
[ A [ A I A I A I A
Erythema 24 h 0 0 0 0 0 0 0 0 0 0
72 h 0 0 0 0 0 0 0 0 0 0
7 days 0 0 0 0 0 0 0 0 0 0
Mean scores (24 and 72 h) 0 0 0 0 0 0 0 0 0 0
24.h 0 0 0 1 0 0 0 1 0 0
Oedema 72 h 0 0 0 0 0 0 0 0 0 0
7 days 0 0 0 0 0 0 0 0 0 0
Mean scores (24 and 72 h) 0 0 0 05 |0 0 0 05 |0 0
| = Intact, A = Abraded
Table 21: Dermal irritation scores (Copper (I) oxide —10 % suspension in Tylose)
Response Animal number
Reading ! 2 3 4 >
[ A [ A I A I A I A
Erythema 24 h 0 0 0 0 0 0 0 0 0 0
72 h 0 0 0 0 0 0 0 0 0 0
7 days 0 0 0 0 0 0 0 0 0 0
Mean scores (24 and 72 h) 0 0 0 0 0 0 0 0 0 0
24h 0 0 0 0 0 0 0 0 0 0
Oedema 72 h 0 0 0 0 0 0 0 0 0 0
7 days 0 0 0 0 0 0 0 0 0 0
Mean scores (24 and 72 h) 0 0 0 0 0 0 0 0 0 0
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| = Intact, A = Abraded

Reference:  Driscoll, R. (1999c)
Guideline:  OECD 404

GLP: Yes

Deviations:  None

Copper (1) oxide (was moistened with 0.5 mL distilled water prior to administration. Three male
New Zealand white rabbits were housed singly and acclimatised prior to dosing. 0.5 g of test
material was applied to the intact skin on each rabbit under a cotton gauze patch 2.5 x 2.5 cm in
size. The patch was secured with adhesive tape and the trunk of the animal was wrapped with an
elastic corset. After 4 hours, the dressings were removed and any residual test substance was
removed by swabbing the skin with cotton wool soaked in distilled water. Animals were examined
for signs of irritation after 1, 24, 48 and 72 hours and effects scored according to Draize.

No erythema or oedema was recorded in any animal at any time. Light brown staining of the test
site was observed at the 1-hour to 48-hour assessments in all animals.

Copper (1) oxide did not cause any irritation to rabbit skin.

4.4.1.2 Human information

No data available.

4.4.1.3 Summary and discussion of skin irritation

Three studies were available and performed with rabbits New Zealand. Copper (I) oxide was non
irritating to rabbit skin. Mean scores for erythema and oedema (24 to 72 h) were equal to 0.0.

4.4.1.4 Comparison with criteria

1 Criteria in the CLP classification:

A substance shall be classified as irritant in category 2 if in at least 2 of 3 tested animals mean value
for erythema/eschar or for oedema is between 2.3 and 4.0 from gradings at 24, 48 and 72 hours after
patch removal or, if reactions are delayed, from grades on 3 consecutive days after the onset of skin
reactions. If inflammation persists to the end of the observation period normally 14 days in at least 2
animals, particularly taking into account alopecia (limited area), hyperkeratosis, hyperplasia, and
scaling, substance shall be also considered as irritant.

2 Comparison with criteria:

Here, means scores 24 to 72 hours for erythema and oedema were 0.0.
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4.4.1.5 Conclusions on classification and labelling

In this context, copper copper (I) oxide does not support classification for skin irritation under CLP

regulation criteria.

4.4.2 Eyeirritation

Table 22: Summary table of relevant eye irritation study
Method Results Remarks Reference
Rabbit Mean scores 24-72h (for 3 OECD 405 Collier JA,
New Zealand white animals): GLP Wilson JC.
3 animals Cornea: 2 Deviation (1984b)
Copper (I) oxide Iris: 1 Purity : not stated
0.1g (right eyes) Conjunctival redness: 2.7
Conjunctival chemosis : 2.3
Eye irritant.
Conjunctival effects persisted on
day 7 and corneal opacity on
day 21.
Rabbit Mean scores 24-72h (for 3 OECD 405 Dickhaus S,
New Zealand white animals): GLP Heisler E.
3 animals material undiluted + 3 | Cornea: 0 Deviation (1988b)
animals material diluted at 10% Iris: 0 Purity : 84.5%
Copper (I) oxide Conjunctival redness: 2 (copper)
0.1g or 0.1 ml (left eyes) Conjunctival chemosis : 1.6
Eye irritant under
CLP regulation.
Conjunctival effects and corneal
opacity persisted on day 10.
Rabbit Mean scores 24-72h: OECD 405 Dirscoll, R.
New Zealand white Cornea: 0.7 GLP (1999d)
2 males and 1 female Iris: 0.4 No deviation
Copper (1) oxide Conjunctival redness: 1.9 Purity : not stated
0.1g Conjunctival chemosis : 1.6
Effects were reversible before
day 7
Rabbit Unwashed test OECD 405 Kuhn JO.
New Zealand white Mean scores 24-72h: GLP (1994)
3 animals for washed and 6 for Cornea: 0.4 Deviation
unwashed Iris: 0 Purity : not stated

Copper (1) oxide
0.1g (left eyes)

Conjunctival redness: 0.9
Conjunctival chemosis : 0.9
Effects were reversible
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4.4.2.1 Non-human information

Reference:  Collier JA, Wilson JC. (1984b)
Guideline:  OECD 405
GLP: Yes
Deviations:  Yes
e The test report does not provide a rational for in vivo testing,
e information on the test material including the batch no and the purity were not provided,
e the following information on test animals were not provided: sex and individual animal
weights at the start and conclusion of the test (however the weight range was reported),
e animal room temperature showed slightly lower limits than those recommended in the test
guideline.

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

Eye irritation potential of copper (I) oxide was investigated in 3 New Zealand white rabbits. Within
24 hours of commencement of the test both eyes of each test rabbit provisionally selected were
examined for evidence of ocular irritation or defect. Animals showing evidence of ocular lesions
were rejected and replaced.

On the day of the test each rabbit was held firmly but gently until quiet. A 100 mg aliquot of the test
material was instilled into the right eye of each rabbit by gently pulling the lower lid away from the
eyeball to form a cup into which the test material was dropped. The upper and lower eyelids were
held together for about one second immediately after application to prevent loss of the test material
from the eye. The contralateral eye remained untreated and was used for control purposes.

Assessment of damage/irritation was made 1, 24, 48 and 72 hr, and 7, 14 and 21 days after
treatment. The scoring system was:

GRADES OF OCULAR LESIONS

CORNEA
Opacity: Degree of density (area most dense taken for reading).
No ulceration or opacity .. .. . .. . .. .- . 0

Scattered or diffuse areas of opacity (other
than slight dulling of normal lustre) details
of iris clearly visible .. . .. .. .s 1%
Easily discernible translucent area, details

of iris slightly obscured . .. .. .. v e e . 2%

Nacreous area, no details of iris visible, size of
pupil barely discernible .. . .o .o . . . .. 3%

Opaque cornea, iris not discernible through the

opacity 4
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IRIS

Normal

Markedly deepened rugae, congestion, swelling,
moderate circumcorneal hyperaemia, or injection,
any of these or combination of any thereof, iris
still reacting to light (sluggish reaction is
positive).. - - - . - .. . .

No reaction to light, haemorrhage, gross destruc-
tion (any or all of these) .

CONJUNCTIVAE

2%

Redness: (refers to palpebral and bulbar conjunctivae exclud-

ing cornea and iris).
Blood vessels normal ..
Some blood vessels definitely hyperaemic (injected)

Diffuse, c¢rimson colour, individual vessels not
easily discernible .

Diffuse beefy red .

CHEMOSIS
Chemosis: Lids and/or nictitating membranes
No swelling

Any swelling above normal (includes nictitating
membranes) .

Obvious swelling with partial eversion of lids.
Swelling with lids about half closed ..

Swelling with lids more than half closed

The results are summarized on the table below:

0

1%

2%

3%

2%
3%

L

Animal No

1 (482)

2 (485)

3 (487)

Corneal opacity

24h

48h

72h

7d

14d

21d

Mean (24, 48 & 72h)

1h

Iris lesion

24h

48h

72h

7d

14d

21d

Mean (24, 48 & 72h)

1h

Conjuctival redness
24h

48h

72h

7d

14d

21d

Mean (24, 48 & 72h)

1h

Conjunctival chemosis
24h
48h
72h

1h

P NWNNOOONWWWRFRRPROOORREPRPNMNOORPRNMNNNE

NWANNOORFRPRNWWWRFROOOORREPRERINOCOQgMNMNNDNE

P NWNINOODONWWWRFROOORRFPEFPOINEFEREPNNMNNDNPRE
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Animal No 1(482) | 2 (485) | 3 (487)
7d 0 1 0
14d 0 0 0
21d 0 0 0
Mean (24, 48 & 72h) 2 3 2

Diffuse corneal opacities were observed in all three rabbits at the one hour reading and by the 24
hours reading translucent opacities had developed in all three rabbits. The reactions had resolved in
two rabbits by Day 14 but diffuse corneal opacity persisted in the remaining rabbit up to and
including Day 21, accompanied by vascularisation. In addition, a small area of lenticular opacity
was seen in one rabbit (1485) on Day 7. Iritis was observed in all three rabbits by the 24 hours
reading. The reactions had ameliorated in all three rabbits by Day 7.

A diffuse, beefy red colouration of the conjunctivae, accompanied by considerable swelling with
the eye about half or almost completely closed had developed in all three rabbits by the 24 hours
reading. A reduction in severity of reaction was seen from this reading and the reactions had
ameliorated in two rabbits by Day 7 and in the remaining rabbit by Day 14.

2/3 rabbits were free from ocular changes by Day 14.

Diffuse corneal opacity persisted in the remaining rabbit up to and including Day 21. It should be
noted that the severity of the corneal opacity had reduced over time.

Reference:  Dickhaus S, Heisler E. (1988Db)
Guideline:  OECD 405

GLP: Yes

Deviations: Yes

e The report does not provide a rational for in vivo testing,

e the following information on test animals were not provided: sex, age of animals at the start
of the study, individual animal weights at the start and conclusion of test (however weight
range reported) and source,

e in this test six rather than the guideline recommended three animals were used,

e reversibility of ocular changes has not been fully evaluated in this study.

According to OECD Test Guideline 405 the test material should be applied undiluted. For this
reasons the results from the three animals receiving diluted test material will not be considered for
classification purposes.

Eye irritation potential of copper (I) oxide was investigated in 6 New Zealand rabbits. Three rabbits
received undiluted test material and 3 rabbits received the 10% test material diluted in water.

Before and after the test the eyes of all animals were examined with fluorescin 0.15% Thilo®.
After weighing (16 hours starved) 0.1 ml or 0.1g of the test substance was administered into the
conjuctival pouch of the left eye. The right eye stayed untreated and served as control.

Readings for eye alterations were made after 1, 2, 4, 12 and 24 h, 48h, 72h and 96h and every day
until day 7 (animals that were administered diluted test substance) or day 10 (animals that were
administered undiluted test substance). Lesions of the cornea (degree and area of opacity), iris and
conjunctiva (redness, chemosis and lacrimation) were scored according to the Draize code.

Clinical signs were not reported.
Ocular scores are reported in the table below:
Table 23: Ocular scores
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For undiluted test material application: Observations were not made beyond day 10. As ocular
changes were still evident in all three animals at this time point, reversibility was not fully assessed
in this study.
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For diluted test material application: All three animals were free of ocular signs by day 4.

Average score after 24, 48 and 72 hours are presented for each animal that received undiluted test
material in the table below.

Mean scores Cornea Iris Conjunctivae
(24,48,72h) | opacity | lesion | redness | chemosis
Animal No. 1 0 0 2 17
Animal No. 2 0 0 2 2
Animal No. 3 0 0 2 1

According to OECD Test Guideline 405 the test material should be applied undiluted. For this
reasons the results from the three animals receiving diluted test material shall not be considered for
classification purposes.

According to Annex VI of Commission Directive 2001/59/EEC copper (1) oxide, applied undiluted,
does not meet the criteria for classification as irritant in this study as mean scores (24, 48 and 72 h)
for corneal opacity, iris lesion, redness of the conjunctivae, and oedema of the conjunctivae did not
reach the trigger values indicated. However the above mentioned directive also indicates that ocular
lesions are considered to be severe when they are still present at the end of the observations. In this
study observations were made up to day 10 only whereas OECD guideline 405 recommends that
animals should be observed for reversibility for up to 21 days. As reversibility was not fully
examined a clear conclusion on the potential of copper (I) oxide to induce eye irritation cannot be
reached on the basis of this study alone. Nevertheless, this study provides relevant information
which can be used to support the conclusions of other available studies.

In this study, 3 animals on 3 have a conjunctival redness equal to 2. In this context, according the
criteria of CLP regulation, copper (I) oxide could be classified as substance which could induce
reversible eye irritation, classified in category 2.

Reference:  Driscoll, R. (1999d)
Guideline:  OECD 405

GLP: Yes

Deviations: None

Copper (1) oxide was used for the study with three New Zealand white rabbits (two male, one
female). 0.1 g of the test substance was administered into the conjunctival sac of the right eye of
each rabbit and the eyelids held together for one second before release. Animals were examined for
signs of eye irritation after 1, 24, 48 and 72 hours and 7 days after administration, and irritation
scored according to Draize.

Copper (1) oxide caused slight cornea opacity and iris lesion (up to score 1), and conjunctival
redness and conjunctival chemosis (up to score 2) of the eyes in all animals at one or more
assessment times. No effects were present 7 days after administration. The results are summarised
in Table below.

Table 24: Summary of individual and mean eye irritation scores according to Draize
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Scores according to Draize for animal number
Assgssment Cornea opacity Iris lesion Conjunctival Conjunctival
time redness chemosis
39 51 | 134 | 39 51 | 134 | 39 51 | 134 | 39 51 | 134
1 hour 0 0 0 1 1 1 2 2 2 2 2 2
24 hours 1 1 1 1 1 1 2 2 2 2 2 2
48 hours 1 1 1 1 0 0 2 2 2 1 2 2
72 hours 0 0 0 0 0 0 1 2 2 1 1 1
7 days 0 0 0 0 0 0 0 0 0 0 0 0
Mean score * 07 | 07 | 07|07 | 03| 03 1.7 | 20 | 20 | 1.3 1.7 1.7
Mean score 0.7 0.4 1.9 16
for 3 animals
8 Mean scores after 24, 48 and 72 hours (shaded).

The mean eye irritation scores recorded at 24, 48 and 72 hours in two or more animals were less
than 2 (cornea opacity), less than 1 (iris lesion), less than 2.5 (conjunctival redness) and less than 2
(conjunctival chemosis).

Reference:  Kuhn JO. (1994)

Guideline:  OECD 405

GLP: Yes

Deviations:  Yes

The test report does not provide a rational for in vivo testing,

Test material purity is not provided,

Individual animal weights at the start and conclusion of test were not reported,
In this test nine rather than the guideline recommended three animals were used.

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

OECD Guideline 405 indicates that the eyes of test animals should not be washed for at least 24
hours following installation of the test material, except for solids. If a solid test substance has not
been removed from the eye of the test animal by physiological mechanisms at the first observation
time point of 1 hour after treatment, the eyes may be rinsed with saline or distilled water. Eyes of
three animals were washed 30 seconds after treatment. Therefore, the data from these animals shall
not be used for classification and labelling.

Eye irritation potential of copper (1) oxide was investigated in 9 (3 males + 3 females for nonwash
group and 3 males for wash group) New Zealand rabbits.

Both eyes of each animal were carefully examined at least 24 hours prior to treatment (with a
fluorescein sodium ophthalmic solution) and again just prior to treatment (without the fluorescein
sodium ophthalmic solution). Only those animals without eye defects or irritation were selected for
testing.

The animals were held firmly until quiet. A dose of 100 mg of the test material was placed into the
conjunctival sac of the left eye of each animal by gently pulling the lower lid away from the eyeball
to form a cup into which the test material was dropped. The lids were gently held together for one
second. Three of the treated eyes (“washed eyes”) were each washed with room temperature
deionised water for one minute beginning 30 seconds after treatment. The untreated right eyes
served as comparative controls. The animals were then returned to their cages.
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The treated eyes of all animals were examined and the grades of ocular reaction were recorded at 1,
24, 48 and 72 hours, and at 4, 7, 10, 14 and 17 days after treatment. The corneas of all treated eyes
were examined immediately after the 24 hour observation with a fluorescein sodium ophthalmic
solution. Any of the corneas which exhibited positive fluorescein staining at the 24 hour
observation were re-examined with the fluorescein sodium ophthalmic solution at each consecutive
observation until fluorescein staining of the cornea no longer occurred. All treated eyes were
washed with room temperature deionised water for one minute immediately after recording the 24

hour observation.

Individual irritation scores for each animal at each scheduled observation were determined using the
grading scale below:

1. Cormea

A.

Opacity - degree (area most dense taken for reading)

Noopacity . ... it e
Slight dulling of normal luster . .........................
Scattered or diffuse areas of opacity (other than slight dulling of normal
luster), details of iris clearly visible . .....................

Easily discernible translucent area, details of iris slightly obscured . . . .

Nacreous area, no details of iris visible, size of pupil barely discernible
Opaque cornea, iris not discernible through the opacity .. ....... ..

Area of cornea involved

One quarter (or less), butnotzero . .......................
Greater than one quarter, butlessthan half ..................
Greater than half, but less than three quarters . . . .. ............
Greater than three quarters, up to wholearea . ................

Fluorescein Staining - appearance of yellow-green staining of cornea
Cornea not examined with fluorescein . . .. ..................
No fluorescein staining . . ... ... oo vttt ittt it n e nan
Positive fluoresceinstaining . . .. ... ... ...t ...
Area of comea involved
One quarter (or less), butmotzero . .. ...................
Greater than one quarter, but lessthan half ................
Greater than half, but less than three quarters . .. ............
Greater than three quarters, up to wholearea .. .............

Stippling - appearance of pinpoint roughening

NOSHPPING « v v v e it e ettt

Presenceof stippling . ...... ... ...,

Area of comnea involved

One quarter (or less), but not zero . ...... e e e e e e
Greater than one quarter, but lessthanhalf ................
Greater than half, but less than three quarters . . .............
Greater than three quarters, up to wholearea . ..............

AXBXS5 Total Maximum = 80

+ ©

1*
2%
3%
4*

EoS FURE N I

no gaowp» wo

OO w»
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.

Iris
A.

Grades

Normal . ... .. e e

Markedly deepened rugae, congestion, swelling, moderate circumcorneal
hyperemia or injection (any of these or combination thereof), iris still
reacting to light (sluggish reaction is positive) . . ... ...........

No reaction to light, hemorrhage, gross destruction (any or all of these)

AXS Total Maximum = 10

Conjunctivae

A

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

Blood vesselsnormal .. .......... ...t

Some blood vessels definitely hyperemic (injected) . . .. ..........

Diffuse, crimson color, individual vessels not easily discernible . . . . . .

Diffusebeefyred .......... .. ...

Chemosis: lids and/or nictitating membrane

Noswelling . .. ...t i
Any swelling above normal (includes nictitating membrane) ... .. ...
Obvious swelling with partial eversionoflids . .. ..............
Swelling with lids about halfclosed .......................
Swelling with lids more than half closed ... .................

Discharge

Nodischarge . ... ... iit ittt ittt it

Any amount different from normal (does not include small amounts
observed in inner canthus of normal animals) ................

Discharge with moistening of the lids and hairs just adjacent to lids .

Discharge with moistening of the lids and hairs, and considerable area
around the @Y€ . . . v v v vttt i e e e e e

Necrosis or Ulceration of the palpebral and bulbar conjunctivae or nictitating

membrane
Nonecrosisorulceration ... ... .. vi vt vt tminneeoeneen
Presence of necrosis or ulceration . ... ... ..o v i v ittt

(A+B+C)X2 Total Maximum = 20

1*
2%

2*
3*

2%
3*
4%

Z o

The total score for the eye is the sum of all scores obtained for the cornea, iris, and conjunctivae with
the possible maximum total score for the eye being equal to 110.

* - Reaction indicates a positive effect.

An average irritation score for each scheduled observation for all nonwashed and washed eyes was
then determined, based on the number of animals tested in those groups.
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Non washed eyes:
Results are summarised in the table below.

No iris lesions were seen in any of the 6 animals. Conjunctival redness and chemosis was seen in all
6 animals generally from 1 h post treatment. These findings had resolved by day 4.

Grade 1 corneal opacity was seen in one animal after 24 h but had resolved by 48 h. In a second
animal corneal opacity was seen at all time points from 24 h to 14 days (started at grade 2
increasing in severity to grade 3 then reducing in severity to grade 1). The corneal opacity in this
animal had resolved by day 17.

With the exception of changes in the cornea in one animal all animals were free from ocular signs
by day 4.

Table 25: Summary of ocular scores — non washed eyes

Animal No. 5960M | 5968M | 5970M | 5967F | 5969F | 5973F | Overall mean
Corneal opacity 1h 0
24h

48h

72h

Mean (24, 48 & 72h)

Iris lesion 1h
24h

48h

72h

Mean (24, 48 & 72h)
Conjunctival redness 1h
24h

48h

72h

Mean (24, 48 & 72h)
Conjunctival chemosis 1h
24h

48h

72h

Mean (24, 48 & 72h)

[y
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3 0.7 2
Ocular findings after 72 h
Animal 5970 showed grade 3 corneal opacity on days 4 and 7, and grade 1 corneal opacity on days 10 and 14. However, the animal was free from
ocular findings on day 17.
All other rabbits were free from ocular findings from day 4 onwards.

7 0.9

Washed eyes
Results are summarised in the table below.

Conjuctival redness was seen in all three rabbits after 1 hour. All rabbits were free from ocular
findings 24 hours after treatment.

Table 26: Summary of ocular scores —washed eyes
Animal No. 6020M | 6022M | 6024M | Overall mean
Corneal opacity 1h |0 0 0
24h 0 0 0
48h 0 0 0
72h 0 0 0 0
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Mean (24, 48 & 72h) 0 0 0

Iris lesion 1h |0 0 0

24h 0 0 0

48h 0 0 0

72h 0 0 0

Mean (24, 48 & 72h) 0 0 0 0

Conjunctival redness 1h |1 1 1!

24h 0 0 0

48h 0 0 0

72h 0 0 0

Mean (24, 48 & 72h) 0 0 0 0

Conjunctival chemosis 1h 0 0 0

24h 0 0 0

48h 0 0 0

72h 0 0 0

Mean (24, 48 & 72h) 0 0 0 0

Score after 24, 48 and 72 hours are presented below:

Mean scores Cornea | lris Conjunctivae
(24, 48, 72 h) opacity | lesion redness chemosis
Non washed eyes | 0.4 0 0.9 0.9
(mean scores for 6
animals)
Washed eyes 0,0,0 0,0,0 0,0,0 0,0,0
(individual scores
for 3 animals)

OECD Guideline 405 indicates that the eyes of test animals should not be washed for at least 24
hours following installation of the test material, except for solids. If a solid test substance has not
been removed from the eye of the test animal by physiological mechanisms at the first observation
time point of 1 hour after treatment, the eyes may be rinsed with saline or distilled water. Eyes of
three animals were washed 30 seconds after treatment. Therefore, the data from these animals will
not be used for classification and labelling.

According to Annex VI of Commission Directive 2001/59/EC and CLP regulation copper (I) oxide
does did not meet the criteria for classification as irritant in this study as mean scores (24, 48 and 72
h) for corneal opacity, iris lesion, redness of the conjunctivae, and oedema of the conjunctivae did
not reach the values indicated. The corneal opacity seen in one animal after 72 h was reversible
therefore does not meet the criteria for classification.

4.4.2.2 Human information

No data available

4.4.2.3 Summary and discussion of eye irritation

Four studies were available and mean scores are summarized in the table below.

Mean score Mean score Iris

Cornea

Mean score
Conjunctival

Mean score
Conjunctival

Persistent
effects
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redness chemosis
Collier JA, 2,2,2 1,1,1 2.7,2.7,2.7 2,3,2 Conjunctival
Wilson JC. effects persisted
(1984b) 2 1 2.7 2.3 on day 7 and
corneal opacity
on day 21.
Dickhaus S, 0,0,0 0,0,0 2,2,2 1.7,2,1 Conjunctival
Heisler E. effects and
(1988h) 0 0 2 16 corneal opacity
persisted on day
10.
Dirscoll, R. 0.7,0.7,0.7 0.7,0.3,0.3 1.7,2,2 13,1.7,17
(1999d)
0.7 0.4 1.9 1.6
Kuhn JO. 0.4 0 0.9 0.9
(1994)
Criteria CLP Atleastin 2 of | Atleastin2of | Atleastin2of | Atleastin 2 of
for category 2 3 animals 3 animals 3 animals 3 animals
21 21 22 22

Studies of Dickaus and Driscoll provided average scores for conjunctival redness which require
classification only in the CLP regulation. In this study, irreversible effects were observed the
reversibility of ocular changes has not been fully evaluated in this study (only 10 day post-
observatio period).

The study of Colliers provided average scores which require a classification under CLP regulation
criteria. In this study irreversible effects were observed only in one out of 3 animals at day 21.

In the study of Kuhn, performed according to current guideline, the average scores did not permit a
classification and no irreversible effects were observed.

4.4.2.4 Comparison with criteria

1) Criteria in the CLP classification :

A substance shall be classified as a substance which could induce reversible eye irritation, classified
in Category 2 (irritating to eyes), if when applied to the eye of an animal, a substance produces:

a. Atleast in 2 of 3 tested animals, a positive response of:
Corneal opacity > 1 and/or

Iritis > 1 and/or
Conjunctival redness > 2 and/or

Conjunctival oedema > 2
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Calculated as the mean scores following grading at 24, 48, and 72 hours after instillation of the test
material, and which fully reverse within an observation period of 21 days.

2) Comparison with criteria:

Study of Kuhn provided average scores which do not require a classification.

Studies of Dickaus and Driscoll provided average scores which require a classification for
conjunctival redness under the CLP regulation as irritating to eyes in category 2. Persisting effects
were observed on day 10 in Dickaus study .

Only the study of Colliers provided average scores which require a classification under CLP
regulation criteria as irritating to eyes in category 2. In this study persistent effects were observed
on day 21 in one animal. In this context, these effects could be considered as irreversible effect and
a classification more severe could be proposed. But as contradictive results were observed, it is not
possible to conclude on the irreversibility of the effects. In this context, a classification as irritating
for the eyes is required.

4.4.2.5 Conclusions on classification and labelling

Based on the results of the studies, a classification as Eye Irrit 2 -H319 “causes serious eye
irritation” is proposed.

4.4.3 Respiratory tract irritation

No data available.

45  Corrosivity

No data available.
4.6 Sensitisation

4.6.1 Skin sensitisation
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Table 27: Summary table of relevant skin sensitisation study

Method Results Remarks Reference
Guinea pigs One rat died in the test group OECD 406 Bien E.
Pirbright white and on in the control group GLP (1993)
Maximization test 0/19 test animals reveals Deviation

positive reactions and 0/19

20 tests animals 20 controls animals .
control animals

Copper (I) oxide

Purity: 98.8%

Not sensitising

Guinea pigs No mortalities were observed. OECD 406 Driscoll, R.
Dunkin-hartley albino 0/20 test animals reveals GLP (1999)
Maximization test positive reactions and 0/10 No deviation

20 tests animals 10 controls animals control animals Purity: not stated

Copper (I) oxide

Not sensitising

4.6.1.1 Non-human information

Reference:  Bien E. (1993)

Guideline:  OECD 406

GLP: Yes

Deviations:  None
e No justification is given for the choice of vehicle,
e Dermal reactions were not scored after the intradermal or topical inductions,
e Positive control studies although conducted (see point 3.5) were not reported.

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

The concentrations of test material to be used at each stage of the main study were determined in a
pilot study.

Selection of Concentration for Intradermal Induction:

The test article was diluted with Na-carboxy methyl cellulose (CMC) and Freund’s complete
adjuvant (FCA) to give a final solution of 5 %. Since the highest permissible concentration
produced discolouration and severe swelling, lower concentrations were tested. Four animals were
employed. Skin reactions were recorded 48h after treatment.

Skin reactions were observed after the injections of the test article at the concentration of 5 %
(swelling, dark colouration, necrosis), 1 % (redness, necrosis) and 0.5 % (slight redness). No skin
reactions were seen at the concentration of 0.25 %.

Selection of Concentration for Topical Induction:

The test article was incorporated in Vaseline to provide a final concentration of 50% (w/w). A
closed patch exposure was affected by means of an occlusive bandage using Hill-Top Chambers
and non-irritating Elastoplast® tape which enveloped the whole of the animals trunk. Two animals
were employed. Skin reactions were recorded 48 h post application.

No skin reactions were observed after the application of the test article (50 % w/w in Vaseline).
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In a skin sensitisation study by the maximisation method of Magnusson and Kligman, 20 control
and 20 treated Pirbright white guinea pigs were tested according to the dosing regime described
below:

Intradermal Induction:

An area of 4 x 6 cm over the shoulders was clipped short with electric clippers and cleaned with 70
% (v/v) ethanol. Three pairs of intradermal injections were then made symmetrically in two rows
on either side of the spine:

Test group

1. 0.1 ml FCA 50 % (w/w) diluted in aqua ad inject
2. 0.1 ml test article diluted in CMC (final concentration 0.25%)
3. 0.1 ml test article diluted in FCA/CMC (final concentration: 0.25%)

Control group:

1. 0.1 ml FCA 50 % (w/w) diluted in aqua ad inject
2. 0.1 ml undiluted
3. 0.1 ml CMC 50 % (w/w) diluted in FCA

Topical Induction:

7 days after the intradermal injections, dermal application was initiated. As the test article was non-
irritating at the highest permissible concentration in the pilot study, the area was reclipped and pre-
treated with 10 % sodium lauryl sulphate in Vaseline 24 h before application of test article at a
concentration of 50 % in Vaseline. The test article was spread into a thick layer over a 4 x 5 cm
patch (filter paper). The latter was firmly secured over the previous injection sites by an occlusive
dressing for 48 h. Control animals received a patch loaded with vehicle alone.

Challenge:

Both control and test animals were subjected to challenge exposure 14 days after the topical
induction. The challenge test was performed on a 5 x 5 cm clipped area of each flank. The maximal
non-irritating concentration of the test article (50 % in Vaseline) was applied to the left flank and
the vehicle to the right flank using the patch technique described above. In each case the duration
of exposure was 24 h under an occlusive dressing.

24 and 48 hours after patch removal, the treated skin areas were evaluated on a numerical scale
according to Draize

The reaction of the positive control substance 2,4 dinitrochlorobenzene (extreme sensitiser) and
benzocaine (moderate sensitiser) was tested periodically.

One animal from the test group as well as one animal from the control group died during the
challenge procedure (24 hours after patch removal). The test report does not offer an explication for
these deaths.

Some control and test animals showed reduced body weight gains or decreased body weight.

There were no signs of irritation in any control or test animal at 24 or 48 hours following dermal
challenge treatment.

Under the conditions of this test, copper (1) oxide produced a 0% (0/19) sensitisation rate (table
below).
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Table 28: Result of skin sensitisation test

Number of animals with signs of allergic reactions /
number of animals in group

Negative control Test group
scored after 24h 0/19 0/19
scored after 48h 0/19 0/19

One animal from the test group as well as one animal from the control group died during
the challenge procedure (24 hours after patch removal).

Reference:  Driscoll, R. (1999 e)
Guideline:  OECD 406

GLP: Yes

Deviations:  None

Copper (1) oxide was used for the study.

An initial irritation screening test was performed to determine the highest non-irritant concentration
for the challenge phase of the study and an irritant concentration for the induction phase. A
concentration of 0.05% w/w in the vehicle (distilled water) produced slight to moderate irritation by
injection and was selected for the intradermal induction phase. By the topical route, 75% w/w in
the vehicle produced slight to moderate irritation and was selected for the topical induction phase.
A concentration of 25% w/w in the vehicle was identified as the highest non-irritant concentration
and, together with the lower concentration of 10% w/w in the vehicle, was selected for topical
challenge.

Adult male Dunkin-Hartley guinea pigs were used for the main test. Intradermal injections
(0.1 mL) of 0.05% w/w test substance in distilled water, FCA with distilled water (1:1) and
0.05% w/w test substance in FCA/distilled water (1:1) were administered to the interscapular region
of 20 animals. Ten control animals received FCA with distilled water (1:1), distilled water and
distilled water at 50% w/w in FCA/distilled water (1:1). Approximately 24 and 48 hours after
injection, the sites were scored for erythema. After six days, the interscapular region was clipped.

The next day, the topical induction phase was performed on the test animals: a filter paper patch
(8 cm? in area) was loaded with a 75% concentration of the test substance and applied to the shaved
interscapular area previously injected and held in place for 48 hours with an occlusive dressing.
Control animals received a filter paper pad loaded with distilled water for the same period. The
degree of erythema and oedema was assessed 1 and 24 hours after induction.

21 days after initiation, a filter paper patch was loaded with the challenge dose of 25% w/w test
substance in vehicle and applied to a naive shaved site on the right flank of the test and control
animals. A second patch loaded with the challenge dose of 10% w/w test substance in vehicle was
applied to a naive shaved site on the left flank of each animal. The patches were covered with an
occlusive dressing and held in place for 24 hours. The challenge patches were removed, the sites
swabbed to remove residual material, and the animals were examined for erythema as indication of
a sensitisation response 24 and 48 hours after removal of the dressings.

Discrete or patchy to intense erythema and swelling was recorded after intradermal induction in
animals treated with copper (I) oxide and (at a lower frequency and severity) in control animals.
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Orange/brown staining was observed at the induction sites of all test group and control animals
preventing accurate evaluation of erythema in many cases. Discrete or patchy to moderate and
confluent erythema and/or very slight oedema was recorded at the induction sites of several test
animals after 1 hour and 24 hours and (at a lower frequency and severity) in control animals after
1 hour.

Following topical challenge, no skin reaction was recorded in the test or control animals after
24 hours or 48 hours with the 25% or 10% w/w concentrations in distilled water.

Copper (1) oxide did not induce skin sensitisation in the guinea pig in the Magnusson and Kligman
maximisation test.

4.6.1.2 Human information

The few cases of skin sensitisation from exposure to copper or its compounds reported in the
literature are restricted to clinical case reports involving small numbers of patients, and in
evaluation of a case-series of patients from dermatology clinics.

Allergic dermatitis with positive patch tests

Barranco (1972) reviewed the literature and noted that only six cases of allergic contact dermatitis
to copper have been reported by then — 3 cases occurred as a result of contact with brass (copper
and zinc alloy). The other cases were due in each case to CuSO,, copper metal, and copper in
jewellery respectively. To evaluate the prevalence of skin sensitisation to a range of metals
encountered in the ceramics industry, Motolese and co-workers (1993) assessed 190 enamellers and
decorators by patch tests. While the patch tests showed several cases positive to other metals, there
was only a single case of a positive patch test to red copper oxide in the group.

Sterry and Schmoll (1985) described contact urticaria with a positive patch test in a patient exposed
to copper (I1)-acetyl acetonate used in self-adhesive disinfection pads applied to the skin.

Cross-reactivity

Metal objects such as spectacle frames have caused dermatitis (Gaul, 1958), but the role of copper
in these cases is uncertain, as there is often concomitant exposure to other known sensitisers such as
nickel compounds. Cross-reactivity between copper and other metal sensitisers have been
documented. Hackel and co-workers (1991) described a patient with palladium sensitisation who
also reacted positively to patch tests using nickel sulphate and CuSO,4 (1% petrolatum preparation).
Nordlind (1992) showed cross reactivity between CuSO, and mercuric chloride in patients with oral
lesions associated with mercury amalgam restorations.

Skin reactions following use of copper IUD

Barkoff (1976) reported a case of a woman who developed urticaria a month after insertion of a
copper-based intra-uterine contraceptive device (IUD). Skin patch tests using 1% CuSQO, solution
were negative, but scratch tests using the same test material resulted in an erythematous flare
reaction.

Romaguera and Grimalt (1981) described four women who developed papulo-erythematous skin
lesions between 1 and 4 months after insertion of a copper-containing IUD. Patch tests were
positive for 2% CuSQq, in all four cases, although one of the patients also tested positive to nickel
sulphate. All four patients improved after removal of the IUDs and provision of topical treatment.
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The first report of IUD-induced copper sensitisation was by Barranco (1972) who obtained a
positive patch test with 5% CuSO, solution. Other subsequent similar reports include those by
Frenz and Teilum (1980) and Rongioletti et al (1985) who demonstrated a positive patch test
reaction to 1% CuSOQO, in water in a housewife with a 2-month history of dermatitis, and a copper-
containing 1UD inserted a few weeks before the onset of symptoms. Removal of the IUD resulted in
abatement of the symptoms. Pujol et al (1998) reported a case of a woman with a 2-year history of
recurrent non-pruritic skin eruption and abdominal pain. It was reported that the woman had had a
copper-containing IUD “placed 12 years earlier”. Whilst not clearly stated, this suggests that the
same 1UD remained in place for the whole period and therefore represents misuse. Patch tests were
positive for CuSO, (2%) and for nickel and cobalt salts. Symptoms resolved after removal of the
IUD. The authors suggest the copper-containing IUD as a cause for the dermatitis. However, it is
possible that the other substances to which the patient reacted with a positive patch test may be the
causative factor.

In an assessment of 37 female patients with side-effects following usage of a copper impregnated
IUD, Joupilla et al (1979) showed that skin tests to copper were negative despite a history of skin
rashes experienced by ten of the patients after insertion of the IUD. Allergy to copper was therefore
not thought responsible for the skin and other side effects.

Prevalence of allergic dermatitis from copper salts

To establish the prevalence of irritant and allergic contact dermatitis from pesticides, Lisi et al
(1987) patch tested 652 outpatients with pre-existing skin disorders. 564 subjects were tested with
1% CuSOs, of which 4 cases (<1%) demonstrated an allergic reaction, with none of the cases
deemed to have an irritant reaction to CuSO,4. The inclusion of 2% CuSQ, in a routine patch test
series assessing 1190 eczema patients over a three-year period showed a positive reaction to CuSO,
in only 13 patients. Copper salts are not common as skin sensitiers (Karlberg, 1983).

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

4.6.1.3 Summary and discussion of skin sensitisation

Maximisation tests have been performed with guinea-pigs on copper (1) oxide. No positive response
was observed in tested and control animals. Moreover, cases of allergy to copper are extremely rare
in humans, and copper is not considered a sensitiser.

4.6.1.4 Comparison with criteria

In accordance with the CLP regulation (2" ATP criteria have been considered), positive results
were observed in less than 30% of the test animals, as no positive response was observed in tested
and control animals (0/10 and 0/5 animals). Copper (1) oxide will not be classified in category 1
“skin sensitiser”.
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4.6.1.5 Conclusions on classification and labelling

Copper (1) oxide is not a skin sensitizer to guinea-pig in the maximisation test and therefore no

classification is warranted

4.6.2

No data available.

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

Respiratory sensitisation

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

Note: the terms copper sulphate, cupric sulphate, copper sulphate pentahydrate and cupric sulphate
pentahydrate have been used by various authors in studies quoted. These terms all refer to the same
substance, CuSO,4.5H,0, properly known as cupric sulphate pentahydrate, but more typically called

copper sulphate.

Table 29: Summary table of relevant repeated dose toxicity studies
Method | Results | Remarks Reference
Oral
Rat 10000 ppm: all rats died or were killed | No guideline Hébert, C.D.,
Fisher 344/N moribund. Clinical signs included GLP Elwell, M.R,,
5/sex/dose/species ruffled_ fur, emaciation, abnormal Deviation: 15d Tr avlos, G.S.,
posturing, hypoactivity, dyspnoea, instead of 28 Fitz, C.J. and
Co.ppefr sulphate pentahydrate tremors and prostration. days Bucher, J.R.
Drinking water 3000 ppm: Significant | mean bw Purity: 99- (1993)
15 days gains. |water consumption (poor Y-
5 X 100%
0, 300, 1000, 3000, 10000 ppm palatability of the solution).
Correspond to 0, 10, 29, 45, 36 300 and 1000 ppm: 1 size and number
mg Cu/kg bw/d in males rats and of protein droplets in eplthellal cells of
0, 10, 26, 31, 31 mg Cu/kg bw/d | the proximal convoluted tubules of the
in females rats kidney of males.
LOAEL of 300 ppm (equivalent to 10
mg Cu/kg bw/d)
Mice > 3000 ppm: mortality, significant | No guideline Hébert, C.D.,
B6C3F1 mean bw gains. |water consumption GLP Elwell, M.R,,
5/sex/dose/species Mlcrosppoplc cellular depletion in Deviation: 15d T_ravlos, G.S,
several tissues. instead of 28 Fitz, C.J. and
Co_ppe_zr 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 mice
and 15, 36, 6 and174 mg
copper/kg bw/d in females mice
Rat > 2000ppm: Chronic inflammation of No guideline Hébert, C.D.,
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Fisher 344/N the liver.Hyperplasia and GLP Elwell, M.R,,
5/sex/dose/species hyperkeratosis O.f t.h.e Squamous . Deviations: 15 T.r avios, G.5.,
mucosa on the limiting ridge separating davs instead of Fitz, C.J. and
Copper sulphate pentahydrate the forestomach from the glandular 28yd s Bucher, J.R.
Feeding studies stomach. Depletion of haematopoetic . y ' (1993)
15 days cells in bone marrow occurred. A ig(r)'ot/y 99-
- - - . b
0, 1000, 2000, 4000, 8000, 16000 minimal to m_|Id decrease_ in erythroid
ppm haematopoesis was seen in the
spleens. There was an increase in the
Correspond to 23, 44, 162, 196, | hmber and size of protein droplets in
285 mg Cu/kg bw/d in males the cytoplasm and lumen of the renal
mice and 23,46, 92, 198, 324mg | cortical tubules in the male and female
Cu/kg 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 hyperplasiaand | peviations: 15 -Frlr,; vlgsj Gansd
Copper sulphate pentahydrate hyperkeratosis of the squamous days instead of | o L0
i i mucosa on the limiting ridge separating | 28 days. IR
Feeding studies the forestomach from the glandular Purity: 99- (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 males | respectively)
mice and 0, 53, 104, 216, 398,
781 mg Cu/kg bw/d in females
mice
Rat >4000ppm: |bw gain; Haematological | No guideline Hébert, C.D.,
Fisher 344/N changes. Hyperplasia and | gLp Elwell, M.R.,
. hyperkeratosis in the forestomac 0. Travlos, G.S.,
107 animals sex/dose mucosa, probably as a result of irritant E(L)ngot/z/ 99 Fitz, C.J. and
Copper 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, 140 | mg 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 and | No guideline Hébert, C.D.,
B6C3F1 hyperkeratosis in the forestomac | gLp Elwell, M.R.,
. mucosa, probably as a result of irritant . Travlos, G.S.,
107 animals sex/dose effects of the compound. Eg(glot/z % Fitz, C.J. and
Copper sulphate pentahydrate Bucher, J.R.
Feeding studies (1993)

90 days

0, 1000, 2000, 4000, 8000 and
16000 ppm in diet

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 bwi/d in

NOAEL of 2000 ppm (97.2 mg Cu/kg
bw/din male and 125.7 mg cu/kg bw/d
in female) in mouse




CLH REPORT FOR COPPER (I) OXIDE

female mice
Rats The treatment was associated with No guideline Haywood, S
4 males per group (9 groups) reduced bodyweight gains and toxicity | No GLP (1980a)
Copper sulphate to the .Ilve-r and Ifldneys. .
Feeding study Toxicity (including hyperplasia and
cellular damage) was marked at 6
1,2,3,6,90r 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 Zgg‘o tted | 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 ppm
Correspond to 150, 200, 250 or
300 mg Cu/kg bwi/day)
Rats Dietary copper, administered at high No guideline Haywood, S. and
4 males/group levels to weanling rats was associated | 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 plasma
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/day mcre_ased 5|_gn|f|cantly at six yw_aeks.
in the Alanine aminotransferase activity rose
young rat, or dually from the first week to reach
100 mg/kg bwi/day in the older rat gradually from the Tirst week 1o 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 animals | No guideline Pimentel (1969)
6 male/group exposed daily for 5 | showed copper inclusions within | No GLP

minutes aerosols
Inhalation

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

swollen Kupffer cells and histiocytes
in the portal tracts and subcapsular
areas. In three animals killed after
270 days of exposure, a close
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
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lesions to humans.

Rat Following a 13-week recovery period | OECD 412
Sprague Dawley at 2 mg/m®, there were no test | gLp

substance  related  effects on
hematology =~ parameters, BALF
parameters, or lung, lymph node or
nasal histopathology. The effects on

10/ animals sex/dose for low, med-
low and med-high dose and 20/
animals sex/dose for control and

high dose .

. lung weights were greatly reduced,
Cuprous oxide but still slightly detectable following
Dust aerosol the recovery period. But there were
Whole-body inhalation exposure no 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 mg/m’® 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 incidence Purity not
. of dermal necropsy findings. The skin | stated
Copper hydroxide of treated animals was discoloured
1000 or ?000 mg/kg/day of the blue by test material.
formulation

Correspond to 500 or 1000 mg

Culkg bwiday) NOAEL = 1000 mg/kg bw/d

(=500mg Cu/kg bwi/d)

471 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 during 15 days,
- Studies on rats and mice by diet exposure during 15 days,
- Studies on rats and mice by diet exposure during 92 days.

Duration of treatment: 15 days

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

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

Five males and five females Fischer 344/N rats and 5 males and 5 females B6C3F1 mice were
exposed to copper sulphate pentahydrate at concentrations of 0, 300, 1000, 3000, 10000 ppm in the

drinking water.
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Five others males and females Fischer 344/N rats and 5 males and females B6C3F1 mice were
exposed to copper sulphate pentahydrate at concentrations of 0, 1000, 2000, 4000, 8000 and 16000

ppm in the diet.

During the studies, clinical observation and mortality were reported. At termination all animals
were given a full macroscopic examination and body and organ weights (liver, thymus, right
kidney, right testis, heart, lungs, brain) were determined. Histopathological examination was
performed on control animals (plant diet or untreated drinking water), any unscheduled kill animals,
all animals in the highest dose group with 60% survival rate and all animals in higher dose groups.
Target organs (liver, kidney, forestomach) were examined to a no-effect level in lower exposure

groups.

Drinking water studies results:

Table 30: Body weight, water and compound consumption in 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 0 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 0 39 102 121 120
consumption
(mg/kg/day)
** P <0.01.
Table 31: Body weight, water and compound consumption in mice
Dose level (ppm)
0 | 300 | 1000 | 3000 | 10000
Male
Final body weight (g) 217.2 21.7 26.5 21.1** | -
Water consumed (g/day) 4.8 3.6 2.4 1.6 1.1
Calculate(_i compound 0 41 95 296 594
consumption (mg/kg/day)
Female
Final body weight (g) 22.2 21.5 21.1 14.6** -
Water consumed (g/day) 5.6 4.1 2.8 1.3 1.1
Calculate(_i compound 0 58 140 245 683
consumption (mg/kg/day)

**P<0.01

Clinical signs of both rats and mice in the highest two groups included ruffled fur, emaciation,
abnormal posturing, hypoactivity, dyspnoea, tremors and prostration. Animals from the two highest
groups also showed a decreased water consumption, which was attributed to poor palatability of the
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cupric sulphate solution.Final mean body weight gains for 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 and one female rat, one male mouse and three
female mice in the 3,000 ppm groups died or were killed moribund during the study.

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

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

Slight kidney changes were observed in male rats at 300 and 1,000 ppm but female rats and mice of
both sexes were not affected.

Feeding studies results:

Table 32: Body weight, food and compound consumption in rats

Dose level (ppm)

0 | 1000 [ 2000 | 4000 | 8000 | 16000
Male
Final body weight (g) 184 186 183 178 151** | 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) 114 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 33: Body weight, food and compound consumption in mice

Dose level (ppm)

0 | 1000 | 2000 | 4000 | 8000 | 16000
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 0 168 362 773 1154 2817
consumption
(mg/kg/day)
Female
Final body weight (g) | 21.2 | 21.4 | 20.2 | 20.8 | 20.2 | 20.0*
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Food consumed (g/day)

4.3

4.0

4.3

3.8

3.7

Calculated compound

210

408

849

1563

3068

consumption
(mg/kg/day)
* P <0.05.

No animals died or were killed during the study. Final mean body weights gains of male and female
rats of 8,000 and 16,000 ppm groups and of female mice receiving 16,000 ppm were significantly
lower than the controls. These decreases were attributed to decreased feed consumption in animals,
considered to be due to the poor palatability of the feed mixture rather than to specific cupric
sulphate toxicity.

Changes in organ weights and organ to body weight ratios were sporadic and were considered to be
related to decreased body weights rather than to toxicity of the cupric sulphate.

Microscopic findings in rats at 2,000 ppm and above included hyperplasia and hyperkeratosis of the
squamous mucosa on the limiting ridge separating the forestomach from the glandular stomach. A
similar finding was observed in mice but the severity was minimal. This was considered due to the
irritant effects of cupric sulphate and the authors noted that there were no adverse effects on the
health of the animals. Additionally in rats, chronic active inflammation of the liver characterised as
minimal to mild mononuclear inflammatory cell infiltrate was observed in males at 8,000 ppm (4/5)
and 16,000 ppm (5/5) and in females at 16,000 ppm (3/5). Depletion of haematopoetic cells in bone
marrow occurred in male and female rats in the 8,000 and 16,000 ppm groups, consisting of a
decreased cellularity of bone marrow erythroid/myeloid elements and an increase in the prominence
of fat cells normally present in the bone shaft. In several high dose animals bone mass (cortex and
trabecular density) was reduced when compared to controls. This was considered a consequence of
reduced body weight gain rather directly related to treatment. A minimal to mild decrease in
erythroid haematopoesis was seen in the spleens of rats in the 16,000 ppm group. There was an
increase in the number and size of protein droplets in the cytoplasm and lumen of the renal cortical
tubules in the male and female rats of the three highest dose groups, similar to that seen in the
drinking water studies.

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

Duration of treatment: 92 days:
Deviations:
¢ No ophthalmoscopy was performed,
e adrenals were not weighted at necropsy.

Copper sulphate pentahydrate was administered in the diet to groups of 10 male and 10 female
Fischer 344/N rats at dietary levels of 0, 500, 1,000, 2,000, 4,000 and 8,000 ppm for 92 days. Also
groups of 10 male and 10 female B6C3F1 mice received treated diet at levels of 0, 1,000, 2,000,
4,000, 8,000 and 16,000 ppm for 92 days. Chemical analyses of the formulations showed that they
were within £10% of theoretical concentrations.

Clinical signs and mortality were reported but schedule for observations were not indicated.
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Bodyweights and organ weights (liver, thymus, right kidney, right testis, heart, lungs and brain)
were determined at the termination of the study for all rats and mice.

Haematology and clinical chemistry evaluations (haematocrit, haemoglobin concentration, mean
cell volume, platelets, erythrocyte count, total and differential leukocyte count, reticuloocyte count,
blood urea nitrogen, creatinine, total protein, albumin, alanine aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase, 5’-nucleotidase, bile salts) were performed on Days 5 and 21
on supplemental rats (10 animals/sex/per group) and on the main study rats on Day 92
(termination).

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

Gross necropsy was performed on all animals.

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

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

Food consumption was generally similar to the controls in 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 significantly reduced in male rats in the two highest dose
groups (4,000 and 8,000 ppm) and in female rats in the highest dose group (8,000 ppm).

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

Haematology showed significant changes in rats of both sexes at all time points but generally
limited to the 2,000, 4,000 and 8,000 ppm dose groups. Initially (day 5), significant increases in
haematocrit (HCT), haemoglobin (HGB), platelet count and erythrocytes (RBC) were seen in the
8,000 ppm group which were consistent with polycythemia related to dehydration. Also on day 5,
significant decreases in reticulocyte count, mean cell volume (MCV), and mean cell haemoglobin
(MCH) were noted in high-dose animals. By Day 21, HCT and HGB levels were significantly
decreased for male rats in the 2 highest dose groups and female rats in the 3 highest dose groups
together with MCV and MCH and these persisted until the end of the study. Significant increases in
RBC and reticulocytes were noted in high dose males at the end of the study.

Clinical chemistry showed significant elevations of alanine aminotransferase (ALT) and sorbitol
dehydrogenase (SDH) activities throughout the study, indicating hepatic injury. Decrease in
alkaline phosphatise (AP) activity were noted on days 5 and 21 in both sexes in the two highest
dose groups, but AP activity had returned to control levels by day 92. Total protein and albumin
concentrations were significantly decreased and urea nitrogen increased in the two highest dose
groups at all time points. Variations occurred in other parameters with reversal of trends at differing
time points.
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Significant changes in urinalysis parameters included an increase in aspartate aminotransferase
(AST) and N-acetyl-B-D-glucosaminidase (NAG) and 5’-nucleotidase (5’NT, males only) activities
in the two highest dose groups.

Generally, absolute organ weights of both species were reduced in the two highest dose groups
when compared with the controls and the relative organ weights were similar or increased with
decreasing body weight. It was considered that the changes could be attributed to the lower final
mean body weight in the higher dose groups.

Gross and histopathology observations showed (tables 34 and 35):
e For forestomach:

Gross lesion in rats was characterized by an enlargement of the limiting ridge in all animals in the
4000 and 8000 ppm groups and in 7 females and 9 males in the 2000 ppm group.

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

Histopathological findings included dose-related minimal to moderate hyperplasia with
hyperkeratosis of the squamous mucosa of the forestomach from 2000 ppm, at the site of the
limiting ridge. Severe incidences of this lesion were often accompanied by an increase in the
number of inflammatory cells and/or oedema in the lamina propria of the limiting ridge. Rats were
more severely affected than mice at similar dose levels. The difference between the species may be
associated with the lower stomach pH (less acidic) in the rat. It may be anticipated that the
hydrochloric acid in the stomach may react with copper sulphate to produce copper chloride and
sulphuric acid. This acid may have caused the irritation, and the rat stomach, being adapted to a
less-acidic environment, showed more effects than the mouse.

e For liver:

There was a dose-related increase in the incidence and severity of chronic inflammation in the livers
of rats, characterised by multiple foci of a mixture of mononuclear inflammatory cells. Staining of
the livers for the presence of copper showed a presence in the 4,000 and 8,000 ppm groups. At
8,000 ppm staining had a clear periportal to midzonal distribution and consisted of a few to
numerous red granules of 1 to 2 mm in the cytoplasm of hepatocytes. At 4,000 ppm staining was
periportal and there was a marked reduction in the number of cells stained and in the number of
granules per cell. Positive minimal staining of livers for copper was evident in the high dose male
and female mice and consisted of only a few positive-staining hepatocytes in the entire liver section.

e For kidneys:

Changes in the kidneys included an increase in the size and number of cytoplasmic protein droplets
present in the epithelium of proximal convoluted tubules of rats at doses of 2,000 ppm and higher
and was less severe in females than in males. Many of the protein droplets in the male rats had large
irregular crystalline shapes, which were not present in the females. Minimal nuclear enlargement
(karyomegaly) in renal tubule cells was present in the high dose group. Degeneration of renal tubule
epithelium was present in three females from the 8,000 ppm group. Positive staining for copper was
seen in the kidneys at 4,000 ppm, and to a greater extent, in the 8,000 ppm groups and consisted of
red granules in the cytoplasm of the renal tubule epithelium and a diffuse red staining of the protein
droplets in the cytoplasm and the tubule lumen. There was no staining for copper in the kidneys of
any mice.

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

The NOAEL for this lesion was 1,000 ppm for rats and 2,000 ppm for mice.

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

In rats damage to the kidney was produced with a NOAEL of 1000 ppm for both sexes.

A NOAEL for mice could not be derived for liver and kidney toxicity as lesions were not seen in
these organs even at the highest concentration.

Sperm morphology and vaginal cytology were also realised._There were no changes in testis,
epididymis or cauda epididymis weight, or spermatid counts or sperm motility in males of either
species at any dose level. Similarly, there were no changes in oestrous cycle length or in the timings
in each phase of the cycle in females of either species.

Table 34: Rats - histopathological findings - incidence and severity

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

0 | 500 | 1000 | 2000 | 4000 | 8000
Male
Forestomach, hyperplasia and
hyperkeratosis 0 10(1.6) | 10(2.8) | 10(2.8)
Liver, inflammation 0 1(1.0) | 10(1.0) | 10(2.9)
Kidney, droplets 0 3(1.0) | 10(2.0) | 10(2.5)
Kidney, karyomegaly 0 0 0 10 (1.0)

Female

Forestomach, hyperplasia and

hyperkeratosis 0 7(1.3) | 10(25) | 10(2.5)
Liver, inflammation 0 0 0 6(1.2) | 10(1.9
Kidney, droplets 0 1(1.0) 9(1.0) | 10(2.0) | 10(1.0
Kidney, karyomegaly 0 0 0 0 10(1.1)
Kidney, degeneration 0 - 0 0 0 3(13)
Mean severity (in brackets) based on number of animals with lesions 1, minimal; 2, mild; 3, moderate; 4,
marked
Table 35: Mice -histopathological findings - incidence and severity
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Incidence and mean severity () at dose level (ppm)

0 | 12000 | 2000 | 4000 | 8000 | 16000
Male
Forestomach, hyperplasia and i
hyperkeratosis 0 0 2(1.0) | 6(10) 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 of animals with 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 were allocated to nine groups of four animals.
Groups 1 to 6 were fed powdered laboratory diet (Spillers expanded) to which 2000 mg/kg diet as
CuSOq (equivalent to 165 mg Cu/kg/d) had been added, for up to 15 weeks. Groups 7 to 9 received
unsupplemented diet and served as controls.

Rats on the copper supplemented diets from groups 1 to 6 were 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 anaesthesia and liver and kidneys were dissected free and
weighed. Slices of the liver and kidney were preserved for histological examination; other parts
were frozen (-70°C) and triplicate samples analysed for copper content following acid digestion
using atomic absorption spectrophotometry.

There were no deaths.

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

Macroscopic liver changes were recorded from week 6, when clearly defined peripheral areas of
necrosis were recorded in the right and median lobes. By week 9, pale areas were still visible but
not so clearly defined, and by week 15 the livers were apparently normal, except for fine scarring
on the lobular surface.

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

In week 3, inflammatory foci were present, restricted to the periportal zone. Lesions consisted of
aggregates of hypertrophied hyperchromatic parenchymal cells, some of which showed signs of
necrosis. There was marked deposition of copper in outer zones of the lobules, pericanalular in
distribution.

By week 6 there were marked changes in the livers of all animals, although there was considerable
individual variation. The changes were always more severe in the right and median lobes. Necrosis
was widespread, with marked cellular inflammatory reaction consisting of polymorpho-nuclear
neutrophil leukocytes and mononuclear cells. There was extensive copper in the cells, considered to
be lysosome-bound copper. There was also bile duct hyperplasia and some attempted regeneration
of still-viable cells.

By week 9 there was extensive regeneration of parenchymal tissue, and individual cells were
normal in size, with plentiful glycogen. Necrosis was limited to a cuff of cells in the periportal zone



CLH REPORT FOR COPPER (I) OXIDE

and the cellular response had subsided but was still present. Copper had largely disappeared from
the rubeanic acid-stained sections.

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

In the kidney, macroscopic changes were limited to greenish discolouration in some animals at
week 6.

Histological changes were noted from week 3, when small eosinophilic droplets were present in the
cytoplasm of the proximal convoluted tubules. Extrusion of the droplet-containing cells into the
lumen of the tubule was common. Copper was not detected in the rubeanic acid stained sections. By
week 6 there were marked changes in the proximal convoluted tubule, although there was
considerable individual variation in degree. The cytoplasmic droplets were larger, more numerous
and assumed the appearance of green globules. Rubeanic acid staining revealed copper in
particulate form, and in the droplets visible in the H & E stained sections. In some kidneys there
was extensive desquamation of the epithelial cells of the proximal convoluted tubule, with the
lumen frequently obliterated by debris. Regeneration was also evident among surviving cells, with
mitosis common. The remainder of the nephron was unaffected.

By week 9 the regeneration was mostly completed, with copper still present in rubeanic acid stained
sections.

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

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

Dietary administration of copper as sulphate was associated with histological changes in the liver
and kidney, reaching a maximum after six weeks of treatment, followed by recovery to week 15.
Initially copper accumulated with little effect, but from 2-3 weeks, histological changes were
evident in both tissues. Accumulation eventually caused 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 and allocated to groups receiving 0, 3000, 4000,
5000 or 6000 ppm copper as copper sulphate for up to 15 weeks. All rats were fed a standard
laboratory diet (Labsure Animal Diet, RHM Agriculture South Ltd., with a copper content of
10 ppm). Animals were regularly inspected and weighed. In each dietary group, a cage of four rats
was killed after 2, 3, 4, 5, 6 and 15 weeks of dietary administration. At necropsy, the liver and
kidneys were removed for histological examination. Kidney and parts of the right median liver lobe
were preserved for histological examination (H & E or Gomoris reticulin stain for general
histopathology, and rubeanic acid and rhodanine for copper, and orcin for ‘copper-associated
protein); other samples were frozen (-70°C) and triplicate samples analysed for copper content
following acid digestion using atomic absorption spectrophotometry
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Rats at 3000 ppm showed reduced weight gain, with ‘staring’ coats between weeks 4 and 5, but by
week 15, coats were described as sleek and the animals active, although they weighed less than
controls (202 g compared to 438 g for controls).

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

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

Control mean liver copper concentration was 17.8 ug/g dry weights.

At 3000 ppm, liver copper concentration rose rapidly to 4780 pg/g dry weight between 4 and 5
weeks, but fell significantly to 2412 ug/g dry weight at week 6. By week 15, copper content had
fallen further to the same level as at week 2 (approximately 1500 pg/g dry weight).

At 6000 ppm, maximum liver concentrations occurred at week 2 (approximately 3800 pg/g dry
weight), and fell only to 2000 pg/g dry weight by week 6, when the animals were terminated.

Renal copper concentration in controls was 34 ug/g dry weights.

Renal copper concentration at 3000 ppm rose more slowly than in the liver, with a maximum of
1188 pg/g dry weight between 4 and 5 weeks which was maintained to 15 weeks.

In the kidney, copper concentration at 6000 ppm continued to rise to week 4, when it equalled the
liver value (approximately 2500 ng/g dry weight).

Similar patterns occurred in the liver and kidney at 3000 and 4000 ppm, although the maximum
occurred earlier at week 3 (values not stated in paper).

Histological findings in the liver at up to 5000 ppm showed an earlier onset, but were essentially
similar to those seen in the earlier study, with hepatic hypertrophy and necrosis, followed by
regeneration and recovery.

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

Renal histopathology at 3000 ppm was similar to that seen at 2000 ppm in the earlier study.
However, at 4000 and 5000 ppm, the findings showed earlier onset and correlated with the earlier
liver findings. Findings were more marked, with numerous copper-staining granules and droplets in
the cells of the proximal convoluted tubule. Extrusion of droplets and exfoliation of whole cells was
common in the distal or collecting tubules, with extensive degeneration in many proximal tubules,
with the occlusion of the lumen by copper-containing debris and its passage into the distal tubule.
By week 15, regeneration was complete. The author concluded that the kidney has the capacity to
excrete copper as well as the liver in cases of copper overload, and excrete high doses of copper via
the urine.

Dietary doses of 6000 ppm (approximately equivalent to 300 mg/kg bw/day) of copper produced
unsustainable liver damage by 6 weeks of administration. Doses of between 3000 and 5000 ppm
(approximately equivalent to 150 and 250 mg/kg bw/day) result in liver and kidney damage after
between 2 and 5 weeks, with subsequent full recovery by week 15. Regeneration of both organs
takes place at 5000 ppm and below, and the kidney appears to develop the capacity to excrete
copper when the liver is overloaded.

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



CLH REPORT FOR COPPER (I) OXIDE

Copper sulphate was administered in the diet to six groups of four male weanling rats at a level of
2,000 mg copper/kg diet. Three similar groups of rats received unsupplemented diet and served as
controls. Animals from group 1 to 6 were killed at intervals 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 sample was withdrawn from the vena cava.

The samples (5-10 mL) were taken into lithium heparin anti-coagulant; 1 mL was retained for
copper analysis and plasma obtained from the remainder. Copper content was determined in the
whole blood and plasma. Alanine aminotransferase (GPT), ceruloplasmin (plasma copper oxidase),
alkaline phosphatase and bilirubin were determined on plasma.

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

Plasma enzyme activities and bilirubin concentrations: GPT activity was significantly greater than
the control value at Week 1 and thereafter rose to a maximum activity around 6 to 9 weeks which
was maintained until Week 15. This early rise in activity coincided with the time of pathological
changes in the liver seen at higher dose levels but there was not the subsequent decline to parallel
the regeneration of the liver.

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

Bilirubin concentration was similar to the control throughout the trial

Dietary copper, administered at high levels to weanling rats (2,000 ppm, equivalent to
200 mg/kg bw/day in the young rat, or 100 mg/kg bw/day in the older rat) was associated with
increased blood and plasma copper concentrations after six weeks (with an initial transient rise in
plasma concentration in the first week) to reach a maximum at nine weeks. Similarly, ceruloplasmin
activity increased significantly at six weeks. Alanine aminotransferase activity rose gradually 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.

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 poorly ventilated glass cages were treated, by inhalation,
as follows: one group was untreated and served as controls; one group was treated with a finely
pulverised Bordeaux mixture (solution of copper sulphate neutralised with hydrated lime). This was
done three times a day, such that the atmosphere of the cage was completely saturated with the
spray. The second group was similarly treated with a solution of wine tartar using a Flit spray gun
and the fourth group treated three times a day with sulphur dioxide fumes produced by burning
‘sulphur wicks’ such as are used for the disinfection of wine vats. The animals were treated daily
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for at least 6 months. The guinea pigs were radiographed at the start of the study, at the second
month and at the end of the 6 months treatment. Radiographic changes were noted in the animals
treated with Bordeaux Mixture. Four of these animals were sacrificed at the end of treatment and
two were retained untreated for three months when further radiographs were taken before sacrifice.
Histopathological examination of the pulmonary lesions was performed, including staining for
copper.

The lungs of the animals exposed to sulphur dioxide showed scanty intra-alveolar cells containing
yellow/dark brown granules; staining indicated the presence of sulphur-containing amino acids.
The wine tartar spray treated animals showed occasional inter-alveolar cells with a brown/yellow
granular pigment that stained for copper. The Bordeaux Mixture-treated animals killed at the end of
treatment showed micronodular lesions, characterised by foci involving a variable number of
alveoli filled with plugs of desquamated macrophages with inclusions of a substance rich in copper.
Additionally, in one guinea pig small histocytic granulomas were seen in the septa with the
appearance of fibro-hyaline scars similar to those found in human cases. In the two animals killed
three months after exposure an apparently total regression of the lesions was noted on the
radiograph. Microscopic examination revealed fibrous bands, small groups of alveoli filled with
macrophages, hyaline deposits and small areas of condensation 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 inhalation exposure as a 6-hour/day exposure
duration to male and female Sprague Dawley Crl:CD(SD) rats for 1, 2, 3, or 4 weeks (5 days/week),
test substance-related effects observed at exposure levels of 0.2, 0.4, 0.8 and 2.0 mg/m® (particle
size of 1.725 um MMAD +- 1.73 um GSD).

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

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

Higher blood neutrophil counts were observed following 4 weeks of exposure to cuprous oxide.
Inhalation exposure resulted in higher LDH, total protein, and total cell counts, and a higher
proportion of neutrophils in the bronchoalveolar lavage fluid of rats following 1, 2, and 3 weeks of
exposure (2.0 mg/m® group on study days 5, 12, and 19) and following 4 weeks of exposure at the
end of exposure evaluation (0.2 mg/m?® or higher, except 0.4 mg/m? or higher for total cell count, at
study week 3 after a minimum of 20 exposures as the first week of exposure is study week 0). In the
nasal cavity after 4 weeks of exposure, findings considered test substance-related were minimal
olfactory epithelium degeneration in a small number of males from the 0.8 and 2.0 mg/m? groups
and mild subacute inflammation in a small number of males from the 2.0 mg/m? group.
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Most test substance-related effects at 2.0 mg/m® appeared to show a peak in the effect prior to
completion of 4 weeks of exposure and therefore, the results were consistent with a possible
plateau. Only lung weights and the incidence of lymphoid hyperplasia of the bronchial lymph node
in males appeared to continue to increase relative to control through 4 weeks of exposure.

At the lowest exposure level of 0.2 mg/m?®, the inflammatory effects in the alveoli were minimal and
present in only 2 of 10 animals. There was no microscopic evidence for alveolar epithelial or
endothelial cell injury or the presence of edema at any exposure level.

Following a 13-week recovery period at 2 mg/m?, there were no test substance related effects on
hematology parameters, BALF parameters, or lung, lymph node or nasal histopathology. The
effects on lung weights were greatly reduced, but still slightly detectable following the recovery
period. But there were no microscopic findings or changes in BALF parameters that correlated with
the higher lung weights at the recovery necropsy.

4.7.1.3 Repeated dose toxicity: dermal

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

e the test was performed on a formulation, not on the technical material.

Copper hydroxide (wettable powder formulation KOCIDE101) was applied as a 53% wi/v aqueous
suspension to the shaved backs of adult albino rabbits. Suspensions of test material were applied at
1000 and 2000 mg/kg bw/day of the formulation which represente 500 and 1000 mg/kg bw/day
copper as hydroxide. The control group consisted of 5 males and 5 females and the test groups of 10
males and 10 females. Animals were treated for five days per week for three weeks. Half of the
animals by sex in each group were subject to mild abrasion of the skin prior to dosing at the
beginning of each week. The dose site was covered with a light gauze bandage. Animals were
treated for 6 — 8 hours per day. At the end of each exposure, bandage and collar were removed and
the treated area washed lightly with water and wiped dry. All animals were sacrificed three or four
days after the last application and necropsied. Sections of liver, kidney and skin were preserved.

There were two deaths in the low dose group and three deaths in the high dose group. None of the
deaths in dose groups could be conclusively related to the test material; all deaths were considered
to be due to apparent gastroenteritis. There were no indications of irritation.

There was an overall mean bodyweight loss in the high dose group. There were no adverse effects
on food consumption.

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

Necropsy and histopathology revealed degenerative changes in the skin. Five control animals
showed minimal findings such as focal leukocyte infiltration of the dermis or focal peri-follicular
thickening. There were no histological findings in the skin of low dose animals. Ten high dose
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animals (five abraded and five intact skin) showed skin abnormalities at histopathology. Findings
included epidermal thickening, focal leukocyte infiltration of the dermis, keratin thickened or
distorted, atrophied hair follicles. There were single instances 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 chronic self-administration. A 26-year-old Irishman took
30 mg Cu/day for two years (apparently without ill effect), then increased the dose to 60 mg Cu/day
in the third year and suffered liver failure.

Araya, M, (2001) reports that relatively low concentrations of free copper in water induce nausea in
humans. In an international trial, 179 individuals were given water containing copper sulphate at 0,
2,4, 6 or 83 mg Cu/L in a 200 mL bolus of water (equivalent to a dose of 0, 0.4, 0.8, 1.2 and 1.6 mg
Cu). Subjects were monitored for nausea and other symptoms. The no-adverse-effect-level for
nausea was 4 mg Cu/L. However, this represents a taste effect of a soluble copper salt in water.
Copper sulphate is a gastric irritant, and the nausea is probably associated with irritation of the
stomach. Natural levels of copper in food include 6 mg/kg (= ppm) for shrimp and liver, 10 mg/kg
for mushrooms, and 27 mg/kg for dark (bitter) chocolate. Consumption of 200 g of shrimp or liver
in a meal, or 160 g of mushrooms, or 50 g of dark chocolate (which would each provide the same
amount of bound copper as was administered in drinking water in the drinking water nausea study)
would not be expected to induce nausea.

Araya et al. (2003) report another study, in which copper sulphate was administered by the same
protocol than the previous investigation but in bottled spring water rather than deionised water and
using an entirely female study population (n=269). Consistent with the previous study, nausea was
the earliest and most commonly reported gastrointestinal symptom, occurring mostly within 15 min
of copper ingestion with a no-adverse-effect-level of 4 mg Cu/L.

Olivares et al.(1998) report a study in which the effect of copper supplementation in the drinking
water at the level of 2 mg/L was investigated in formula-fed and breast-fed infants from 3 to 12
months old in Chile. This study failed to demonstrate any adverse effects in infants who had
consumed water with a copper content during the first 12 months of life. The only observed effect
in children with copper relative to control was an increase in ceruloplasmine at 9 months only.

Other human epidemiological data are available and summarised 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 assessment of the toxicity after repeated administration:
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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 20000 ppm groups and one female rat died, one male mouse and three
female mice in the 3000 ppm groups died or were killed during the study. Clinical signs of both rats
and mice in the highest two groups included emaciation, abnormal posturing, hypoactivity,
dyspnoea, tremors and prostration. Final mean body weight gains for surviving animals of both
species from the 3000 ppm groups were significantly reduced. Animals from the two highest groups
also showed a decreased water consumption, which was attributed to poor palatability of the cupric
sulphate solution. Microscopic lesions in rats were limited to an increase in the size and number of
protein droplets in epithelial cells of the proximal convoluted tubules of the kidney of males in the
300 and 1000 ppm groups. No kidney lesions were observed in female rats or in mice of either sex.

2 week feeding study: No animals died or were killed during the study. Final body weights of male
and female rats of 8,000 and 16,000 ppm groups and of female mice receiving 16,000 ppm were
significantly lower than the controls. Mean food consumption for rats in the 16,000 ppm group and
for mice in the 8,000 and 16,000 ppm groups was lower than controls. These decreases were
considered to be due to the poor palatability of the feed mixture rather than to specific cupric
sulphate toxicity. Microscopic findings in rats at 2,000 ppm and above included hyperplasia and
hyperkeratosis of the squamous mucosa on the limiting ridge separating the forestomach from the
glandular stomach. A similar finding was observed in mice but the severity was minimal. This was
considered due to the irritant effects of cupric sulphate and the authors noted that there were no
adverse effects on the health of the animals. Additionally in rats, chronic active inflammation of the
liver characterised as minimal to mild mononuclear inflammatory cell infiltrate was observed in
males at 8,000 ppm (4/5) and 16,000 ppm (5/5) and in females at 16,000 ppm (3/5). Depletion of
haematopoetic cells in bone marrow occurred in male and female rats in the 8,000 and 16,000 ppm
groups, consisting of a decreased cellularity of bone marrow erythroid/myeloid elements and an
increase in the prominence of fat cells normally present in the bone shaft. In several high dose
animals bone mass (cortex and trabecular density) was reduced when compared to controls. This
was considered a consequence of reduced body weight gain rather directly related to treatment. A
minimal to mild decrease in erythroid haematopoesis was seen in the spleens of rats in the 16,000
ppm group. There was an increase in the number and size of protein droplets in the cytoplasm and
lumen of the renal cortical tubules in the male and female 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 group) were treated with copper sulphate (hydrated salt)
administered in the diet at doses of 0, 500, 1,000, 2,000, 4,000 and 8,000 ppm for 92 days. B6C3F1
mice (10 males and 10 females) were treated to concentration of 0, 1,000, 2,000, 4,000, 8,000 and
16,000 ppm for 92 days. All rats and mice, except one female rat in the 1,000 ppm group
(accidental death), survived to the end of the study. Final mean body weight gains were
significantly reduced in male rats in the two highest dose groups (4,000 and 8,000 ppm) and in
female rats in the highest dose group (8,000 ppm). Treated mice showed a dose-related reduction in
body weight gain that occurred earlier than in the rat and was more severe at the higher dose levels.
Food consumption was generally similar to the controls in all groups in both rats and mice except
for the highest dose group in the rat (8,000 ppm).
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Significant changes in haematology were noted in rats of both sexes at all time points but generally
limited to the 2,000, 4,000 and 8,000 ppm dose groups. The effects were more marked in males.
Significant increases in haematocrit (HCT), haemoglobin (HGB), platelet count and erythrocytes
(RBC) were seen in the 8,000 ppm group which were consistent with polycythemia related to
dehydration. By Day 21, HCT and HGB levels were significantly decreased together with MCV and
MCH and these persisted until the end of the study. Significant increases in RBC and reticulocytes
were noted in high dose males at the end of the study. There was a dose-related increase in the
incidence and severity of chronic inflammation in the livers of rats, characterised by multiple foci of
a mixture of mononuclear inflammatory cells.

Staining of the livers for the presence of copper showed a presence in the 4,000 and 8,000 ppm
groups. At 8,000 ppm staining had a clear periportal to midzonal distribution and consisted of a few
to numerous red granules of 1 to 2 mm in the cytoplasm of hepatocytes. At 4,000 ppm staining was
periportal and there was a marked reduction in the number of cells stained and in the number of
granules per cell. Positive minimal staining of livers for copper was evident in the high dose male
and female mice and consisted of only a few positive-staining hepatocytes in the entire liver section.
Changes in the kidneys included an increase in the size and number of cytoplasmic protein droplets
present in the epithelium of proximal convoluted tubules of rats at doses of 2,000 ppm and higher,
and was less severe in females than in males. Many of the protein droplets in the male rats had large
irregular crystalline shapes, which were not present in the females. Minimal nuclear enlargement
(karyomegaly) in renal tubule cells was present in the high dose group. Degeneration of renal tubule
epithelium was present in three females from the 8,000 ppm group. Positive staining for copper was
seen in the kidneys at 4,000 ppm, and to a greater extent, in the 8,000 ppm groups and consisted of
red granules in the cytoplasm of the renal tubule epithelium and a diffuse red staining of the protein
droplets in the cytoplasm and the tubule lumen. There was no staining for copper in the kidneys of
any mice. There was a reduction in iron-positive granules in the cytoplasm of splenal macrophages
in the 8,000 ppm group, which was also evident but less prominent in the 2,000 and 4,000 ppm dose
groups.

Human epidemiological data

Data are available however information are limited regarding doses consumed and exposure. The
information is based on estimated quantities of copper ingested, which are reliant on patient
accounts and are therefore biased, or effects observed are of differing severity which are not
consistent with reported copper exposure concentrations. A case study is available detailing an
individual who consumed 30mg/day of copper as a dietary supplement (well above the Tolerable
upper intake level of 5 mg/day suggested by the Scientific Committee on Food) for 2 years (10
times the RDA) with no apparent ill effects. He then increased the copper intake to 60mg/day and
was finally admitted to hospital showing signs of malaise and jaundice. His symptoms included
cirrhosis of the liver and six weeks after admission to hospital he was given a liver transplant and
made a good postoperative recovery (O’Donohue et al, 1993).

Inhalation exposure:
Two studies are available and were performed in guinea-pigs and rats. Other data are available in
human in the chronic/cancerogenicity section (See 4.10.2).

The study of Pimentel (1969) was not performed according to standard guideline. In this study,
Guinea-pigs showed interstitial pulmonary lesions, possibly leading to respiratory insufficiency
(without a NOAEL).
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In human, similar pulmonary lesion were seen after inhalation of Bordeaux mixture. However, in
theses epidemiological data analysis different confusing situation were identified (smoking, wood
dust, arsenic, etc...) and therefore no link could be established.

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

Dermal exposure:
Three-week dermal exposure in rabbit show slight dermal effects above 500 mg Cu/kg bw/d.

4.7.1.8 Summary and discussion of repeated dose toxicity findings relevant for classification
as STOT RE according to CLP Regulation

Oral route:

Target organs of copper upon oral administration were the liver (inflammation), kidneys
(histopathological changes) and hyperplasia and hyperkeratosis of the forstomach in rats,
haematological changes were also observed in this specie, while mice were less sensitive, showing
adverse effects only in the stomach. Thus, minimal to moderate effects were observed at > 72 mg
copper (1) oxide/kg bw/day (32 mg Cu/kg bw/d). More severe effects were observed above 149 mg
copper (1) oxide /kg bw/day.

Inhalation route:
The 4-weeks study in rat, performed with standard guideline is considered the most relevant.
In this study, no irreversible adverse effects were observed up to 2 mg/m® Cu.

Dermal route:
No adverse effects were observed at or below 500 mg/kg bw Cu in the available study (3 weeks
exposure).

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

Evaluation of non human data

Oral route:

Two 90-d studies are available and were performed in rat and mice.

In the 90-day study in rat at the dose level of 72 mg/kg bw copper (I) oxide, liver and kidney
changes were observed but were not considered “significant/severe” effects.

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

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

Inhalation route:
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In the 4-weeks study in rat performed with standard guideline No serious adverse effects were
observed at the maximum tested concentration (2 mg/m®). Therefore, no classification is warranted
according to the CLP criteria.

Dermal route:

In the 3 weeks study performed in rabbit, no adverse effects were observed at or below 500 mg/kg
Cu. No classification is therefore necessary according to the CLP criteria.

Evaluation of human data

Human epidemiological data is available however information is limited regarding doses consumed
and exposure. The information is based on estimated quantities of copper ingested, which are reliant
on patient accounts and are therefore biased, or effects observed are of differing severity which are
not consistent with reported copper exposure concentrations.

A case study is available detailing an individual who consumed 30mg/day of copper as a dietary
supplement (well above the Tolerable upper intake level of 5 mg/day suggested by the Scientific
Committee on Food) for 2 years (10 times the RDA) with no apparent ill effects. He then increased
the copper intake to 60mg/day and was finally admitted to hospital showing signs of malaise and
jaundice. His symptoms included cirrhosis of the liver and six weeks after admission to hospital he
was given a liver transplant and made a good postoperative recovery (O’Donohue et al, 1993).

Other human epidemiological data are available and summarised in section 4.10.

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

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

No classification is considered necessary for repeated exposure.

4.8  Germ cell mutagenicity (Mutagenicity)

Copper has been extensively investigated in a series of mutagenicity studies in various salts. The
majority of studies were from the literature, but there are three core guideline compliant GLP
studies.

Table 36: Summary table of relevant in vitro and in vivo mutagenicity studies

Method | Results | Remarks | Reference
In vitro

Ames Cytotoxicity at 800 ug/plates OECD 471 Ballantyne
S. typhimurium and at 200 and 400 pg/plates GLP (1994)
TA 98, TA100, TA1535, with 59 Purity: 99-100.5%

TA1537, TA102. +59: negative

Copper sulphate pentahydrate -59: negative
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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

S. typhimurium TA 102

Copper sulphate

10, 30, 100, 300, 100 and nM/plate
Positive and negative controls
Triplicate

+59: Not investigated
-S9: negative

No guideline
No GLP
Lack of data

Marzin, D.R., Phi,
H.V.

(1985)

Ames

S. typhimurium TA 98, 100, 1535,
1537, 1538, and E. coli.WP2
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

(1.983)

Up to 5000 pg/plate.
Oxine copper Oxine copper
Up to 50 pg/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, 15.7,41.4,78.5uM -
(incubation 20h) +S9: NoF !nvestlgated
+/- hydroxyurea -S9: Positive _
Positive and negative controls Significant stimulation
Triplicate gf 3H-thymidine inc_orporation
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. typhimurium TA 98, 100, 1535, | -S9: negative GLP Riach, G. C.
1537, 1538. Deviation: lack of (19942)
Technical Bordeaux strain TA 102 or E.
mixture CO|I-.WP2
First replicate: 33, 100, 333, 1000, Purity: not stated
3333, 10000
ug/plate
Second replicate: 312.5, 625,
1250, 2500, 5000, 10.000 pg/plate.
Third: 1000,2000,
3000, 4000, 5000, 6000ug/plate
(TA 98 and 100)
Ames Toxic effects observed above OECD 471 Dillon, D. M.,
S. typhimurium TA 98, 100, 1535, | 3333pg/plate No GLP Riach, G. C.
1537, 1538 Deviation: only 2 (1994b)

Copper

+S9: negative

tested strain
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oxychloride.

First: 33, 100, 333, 1000, 3333,
10000pg/plate

Second: 312.5, 625, 1250, 2500,
5000, 10000 pg/plate

Third: 1000, 2000, 3000, 4000,
5000, 6000 pg/plate (TA 98 and
100)

-S9: negative

Purity: 98.3%

Ames

S. typhimurium TA 98, TA100
Copper Nordox Technical

0.1, 1.0, 10, 20 pg/plate.

+S9: negative
-S9: negative

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

Ames

S. typhimurium TA 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.

CuCl 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,
CHO V79 cells to DNA and weak information on A.T. Katsaros, N.

concentrations.

(1988)

Copper (I1) nitrate positive SCE .
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|4h EQmpﬁgeg to vehicle Purity: 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)
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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
post dosing

positive and negative controls

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%

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 rmgs_. o
study, micronucleus Greatest effect with IP inj.
assay and sperm .
abnormality assay Micronucleus:
in the mouse o
ip injection _Slgnlflca_nt dosg—d_ependent
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.,
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chromosome aberration (meet OECD 475) Sharma, A.
The aberrations induced were No GLP ;I'la;glggjer, G.
Swiss albino Mice mainly of the chromatid type

and only in the higher dose

6 mice/groups
groups were chromosomal

Copper sulphate breaks significantly enhanced.
There were positive trends with
IP injection increasing dose for the number

of chromosomal aberrations per
cell and the % damaged cells at

Doses: 1.1,1.65, 2.0, all hours of exposure.

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

1.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 Vincristine
sulphate.

4.8.1 Non-human information

48.1.1 Invitrodata

The in vitro systems, particularly those involving isolated mammalian cells, may not be valid in the
risk assessment of copper. Copper absorbed by the body is always bound , and transfer from
blood/plasma to cells is regulated such that copper passed through the cell membrane is also bound
to metallothioneins within the cell, before being incorporated in various enzymes. The in vitro tests
bypass these strict control mechanisms and effectively present the cell with a totally artificial
situation of excess free copper ion. The free copper ion is highly reactive, and the presence of high
quantities of free ion in cell cultures will cause disruption of the cellular processes.

As in vitro data are not appropriate to assess genotoxicity of copper (Arce, 1998) and that several
data in vivo were available, in vitro data are only summarized in the table above.
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48.1.2 Invivo data
Reference:  Ward, P. J. (1994)
Guideline:  No

GLP: No

Deviations: None

Doses of 623.5 and 2000 mg/kg bw of copper 1l sulphate pentahydrate were administered to male
Wistar rats by gavage at a dose volume of 10 mL/kg bw to groups of 6 rats. Doses were
administered on two occasions separated by 2 hours. Negative control animals received water only.
Positive control animals received an oral dose of 2-Acetamidofluorene, suspended in corn oil at 75
mg/kg (experiment 1) or dimethylnitrosamine, suspended in water at 10 mg/kg (experiment 2).After
12-14 hours (experiment 1) or 2-4 hours (experiment 2), the rats were killed and the livers perfused
with collagenase to provide a primary culture of hepatocytes. Cultures were made from 5 animals
per group and were treated with [*H] thymidine. Slides were treated with photographic emulsion to
prepare autoradiograms, and examined microscopically. The net grain count, the number of grains
present in the nucleus minus the number of grains in 3 equivalent areas of cytoplasm, was
determined.

Negative (vehicle) controls and positive controls confirmed the validity of the assay. Treatment
with 632.5 or 2000 mg/kg bw copper Il sulphate (equivalent to 161 or 509 mg copper/kg bw) did
not produce a group mean net grain count greater than -1.0, nor were there any more than 1.0%
cells found in repair at either dose (table 37).

Copper Il sulphate pentahydrate has no genotoxic activity in the in vivo rat liver UDS assay.
Table 37: Group mean net grain counts for experiment 1 and 2

12-14 hour sacrifice time

Net nuclear grain count (NG) Net grain (r:gu;trof cellsin Percent oIf\Ic(;allss in repair
Dose (mg/kg) pal (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 oIf\Itéellss 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
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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

Deviations: Yes

e Only one dose tested in the main study.

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

Erythrocytes of bone marrow were observed in all animals, in order to determine
polychromatic/normochromatic erythrocytes ratio and frequency of micronucleated PCE/1000 cells
determined.

Several animals in the main study died prior to scheduled sacrifice (5 out of 10 males and 3 out of
10 females), indicating that it would not have been possible to administer the test material at a
significantly higher dose. Mice treated with copper Il sulphate pentahydrate showed decreased
ratios of polychromatic erythrocytes (PCE) to normochromatic erythrocytes (NCE) when sampled
after 24 hours, compared to concurrent vehicle controls, indicating that copper Il sulphate
pentahydrate had been absorbed into the bone marrow. The PCE/NCE ratios seen in animals
sampled at 48 hours were similar to those of control animals. Mice treated with copper Il sulphate
pentahydrate exhibited frequencies of micronucleated PCE which were similar to vehicle controls at
all sampling times. There were no instances of statistically significant increases in micronucleus
frequency for any group receiving the test chemical at either sampling time. The positive control
animals exhibited increased numbers of micronucleated polychromatic erythrocytes, such that the
frequency of micronuclei was significantly greater than in concurrent controls (table 38).

Table 38: Summary of group mean findings
Treatment group (mgrkg) Group mean frequency of
group {mg/kg Kill time Sex Mean ratio micronucleated PCE (per 1000)
. (hours) PCE/NCE Per treatment
twice Per sex
group
24 d 107 0.4 0.35
. Q 1.20 0.3
Vehicle control
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 05
48 3 1.12 0.5 0.45
Q 1.32 0.4 '
Positive control CPA, 80+ 24 3 0.52 26.87 28.07
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| | | @ | 0.48 | 29.27 | |

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

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

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

Bone marrow chromosome aberration assay:

Swiss mice, with an average body weight of 25g, were administered hydrated copper sulphate, by a
single intraperitoneal injection, at dose levels of 5, 10 and 20 mg/kg and groups of three were killed
after 6 h (20 mg/kg), 24 h (5, 10 and 20 mg/kg) and 48 h (20 mg/kg). Another group of animals was
administered the test article at a dose level of 20 mg/kg divided into 5 equal parts, each part
administered daily by intraperitoneal injection (4 mg/kg/d during 5 days) and the animals were
killed 24 h after the last injection. A similar group of animals was administered double distilled
water and served as controls. Further groups of animals were given a single administration of the
test article orally or by subcutaneous injection at a dose level of 20 mg/kg and were killed after
24 h. Groups of animals were given double distilled water by similar methods to serve as controls.
Colchicine was used, shortly before sacrifice, as a spindle inhibitor. Bone marrow smears were
prepared and 100 metaphases per animal were scored for aberrations.

Micronucleus assay:

The test article was administered to groups of three Swiss mice by two intraperitoneal injections,
separated by 24 h, at dose levels of 5, 10 and 20 mg/kg. A similar group received double distilled
water and served as controls. The animals were killed 6 h after the second injection. Bone marrow
smears were prepared and 1,000 erythrocytes per animal scored for micronuclei.

Sperm abnormality assay:

The test article was administered to groups of three Swiss mice by intraperitoneal injection at dose
levels of 5, 10 and 20 mg/kg, each dose being split into five equal parts and each part being injected
daily at 24 h intervals. A similar group received double distilled water and served as controls. The
animals were killed 35 days after the first injection. Sperm were collected from the cauda
epididymides and slides prepared. Five hundred sperm from each animal were examined and sperm
abnormalities categorised. Statistical analyses were performed on each series of tests.

Bone marrow chromosome aberration assay:
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Treatment induced aberrations such as gaps, breaks, fragments, double minutes, exchanges and
rings, with gaps being more frequent than breaks. Repeated exposure of fractionated doses induced
less aberration than that of the equivalent dose as a single dose. The greatest effect was produced
when copper sulphate was administered by intraperitoneal injection (table 39).

Table 39: Chromosomal aberrations (%)

Kill (h) Dose level (mg/kg)
0 | 5 | 10 | 20

Single intraperitoneal injection
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 of proportion test

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

Micronucleus assay:

There was a significant dose-dependent increase in the incidence of micronuclei (table 40).
However, a statistically significant increase in the frequency of nuclei in lysis compared to controls
was also reported for all doses investigated, indicating that all the doses of copper sulfate used in
this study were cytotoxic.

Table 40: 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 0.88 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 of proportion test

Sperm abnormality assay:

There was a significant dose-related increase in the mean number of abnormal sperm. Varieties of
abnormal sperm were induced, including various head shapes, tail attachments, double headed and
double tailed sperm (table 41).

Table 41: Incidence of sperm abnormality
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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 of proportion test

Conclusion: Results indicated that copper sulphate solution administered by intra-peritoneal
injection (where free copper is injected directly to the abdominal cavity) caused mutagenic activity
in bone marrow cells and in sperm. However, this route of administration is inappropriate, as it
avoids the normal processes of copper absorption and distribution.

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

Dose, route and time influenced significantly the frequency of chromosomal aberration, incidence
of micronucleus and sperm abnormality. The study deviated 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
e Groups of six male mice were used for each dose level at each time point,
e no cytotoxicity was observed and reported in this study,
e only 50 metaphase plates from each 6 animals per dose were scored, whereas OECD
guideline 475 require that “At least 100 cells should be analysed for each animal.

The test article, copper sulphate pentahydrate in isotonic saline, was administered by intraperitoneal
injection to groups of Swiss albino male mice at dose levels of 1.1, 1.65, 2.0, 3.3 and 6.6 mg/kg.
Prior to sacrifice (1.5 h) the mice were injected with 4 mg/kg colchicine, a spindle inhibitor. Groups
of six mice were killed at 6, 12 and 24 h after treatment for each dose. A similar group of mice was
treated with 1.5 mg/kg mitomycin C (a positive control article) and then animals killed after 6 h.
Bone marrow smears were prepared by standard methods and 50 metaphases from each of the six
animals from each group were scored for aberrations, excluding gaps.

The aberrations induced were mainly of the chromatid type (isochromatid breaks and chromatid
gaps) and only in the higher dose groups were chromosomal breaks significantly enhanced. When
gaps were excluded, there were positive trends with increasing dose for the number of chromosomal
aberrations per cell and the % of cells with at least one chromosomal aberration at all time points
and doses investigated. Further analysis of the data demonstrated that both chromosome
aberrations/cell and % of cells with at least one chromosomal aberration (excluding gap) were
significantly higher at 6h compared to 12 and 24h at all doses investigated, indicating a relative
early onset of clastogenesis. The highest concentration of copper sulphate produced higher values in
the chromosomal aberrations per cell and % damaged cells at 6 and 12 h exposure than the positive
control, mitomycin C (Table 42).

Table 42: Chromosomal aberrations
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Exposure Mitomycin C Dose level (mg/kg)

(h) 1.5 mg/kg 0 | 11 [ 165 | 2 | 33 | 66
Chromosome aberrations (excluding gaps)

6 0.077 0.017 0.053 0.060 0.073 0.067 0.100
12 0.017 0.023 0.040 0.037 0.050 0.087
24 0.010 0.037 0.047 0.047 0.040 0.050
% damaged cells with at least 1 aberration

6 7.667 1.670 5.330 6.000 7.330 6.670 10.00
12 1.670 2.330 4.000 3.670 5.000 8.670
24 1.000 3.670 4.670 4.670 4.000 5.000

Conclusion: Results show that copper sulphate is a moderate clastogenic agent in mice causing a
significant increase in aberrations at higher dose levels. Intraperitoneal injection bypasses the
natural mechanisms for binding copper, and is not an appropriate route to assess oral exposure.

Reference:  Tinwell, H. and Ashby, J. (1990)
Guideline:  No but very close
GLP: No
Deviations:  Yes
e Statistical analyses were not performed.

The study was performed as a direct response to the previous study and published in the same
journal. Hydrated copper sulphate dissolved in sterile deionised water was administered by a single
intraperitoneal injection to groups of six male CBA mice at dose levels of 6.6, 13.2 and
19.86 mg/kg. Other groups of six mice of the same age, sex and strain were given distilled water
and served as controls. Positive control articles, cyclophosphamide and vincristine sulphate
dissolved in sterile deionised water, were administered to groups of mice at dose levels of 65 mg/kg
(two mice) and 0.1 mg/kg (one mouse), respectively. A dose volume of 10 mL/kg was used. The
animals were killed 24 h (all doses) or 48 h (6.6 mg/kg dose only) after treatment. Bone marrow
smears were prepared and 2,000 polychromatic erythrocytes (PE) were assessed for micronucleated
PE. The ratio of PE to normocytes (NE) was determined from 1,000 erythrocytes. Statistical
analyses were not performed as the results were considered to be obvious.

No toxicity was reported at the lowest dose level (6.6 mg/kg) during the course of the experiment.
At the other two dose levels, the animals were reported as appearing subdued. In addition, a marked
depression in erythropoiesis (reduced PE/NE ratio) was observed at both 13.2 and 19.86 mg/Kkg,
indicating cytotoxicity. The dose of 19.86 mg/kg (60% of LD50) was estimated to be the maximum
tolerated dose. Copper sulphate failed to induce micronuclei in the bone marrow at any of doses or
time points investigated. These results conflict with those of the preceding study.

Table 43: Mean bone marrow counts
Dose level (mg/kg) Cyclophos- Vincristine
0 0 phamide sulphate
Test1 | Test2 | 00 | 132 | 198 | g5 mgikg) | (0.1 mgikg)
MPE/1000 PE at24 h 2.6 15 3.3 2.1 2.0 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
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Conclusion: Copper sulphate did not induce micronuclei in the bone marrow of mice. As this
conflict with a preceding study and the age and sex of the animals were the same, there is the
possibility of a strain specific bone marrow response, although no precedent exists.

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 literature. The report emphasises the essential nature
of copper including its presence in the cell nucleus associated with stabilising genetic materials and
with DNA polymerases. Copper appears to be essential for the replication of DNA, and
transcription of RNA.

The report notes that in vitro systems, particularly those involving isolated mammalian cells, may
not be valid in the risk assessment of copper. Copper absorbed by the body is always bound, and
transfer from blood/plasma to cells is regulated such that copper passed through the cell membrane
is also bound to metallothioneins within the cell, before being incorporated in various enzymes. The
in vitro tests bypass these strict control mechanisms and effectively present the cell with a totally
artificial situation of excess free copper ion. The free copper ion is highly reactive, and the presence
of high quantities of free ion in cell cultures will cause disruption of the cellular processes. These
effects may be manifest as gene mutations, but their occurrence is not evidence for mutagenic
activity of copper, but shows that the proper concentration of copper is vital for the correct
functioning of all cells.

Copper has rarely been found to be mutagenic alone. In combination with certain chemicals or UV
light, it can cause mutation by allowing the production of hydroxyl radicals, where excess copper is
the catalyst producing oxidation through the Cu (I1)/Cu(l) redox cycle. The report also notes that
copper, like iron, has been shown to be responsible for inducing mutations through the formation of
metal-generated free radicals, often in the presence of another chemical.

One such report cited the role of copper in DNA strand breaks when the chemical menadione is
added to Chinese hamster fibroblast cultures. No additional copper was added. There is enough
natural copper present in the cells: menadione induced the release of sufficient stored copper from
the cell to produce hydrogen peroxide through the redox reaction, which produced sufficient oxygen
free radicals to cause DNA damage. Similar studies have been performed with UV light,
hydroquinone and ascorbic acid.

4.8.4  Summary and discussion of mutagenicity

The potential mutagenicity of copper compounds has been investigated in a number of in vitro
assays in bacterial and mammalian cells, and in several in vivo assays.

Ames tests were negative. Two in vitro studies were positive. The in vitro UDS positive results is
considering not relevant as the in vivo UDS study was negative. The SCE weak positive result is
considered equivocal due to the lack of information in this study.
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Two in vivo tests performed by the oral route (a micronucleus assay and a UDS test of Riley, S.E.,
1994 and Ward, P.J., 1994, respectively) presented no concern about their validity and were
negative. Only the chromosomal aberrations study of Bhunya (1987) presented positive results at 20
mg/kg. However, chromosomal aberrations were predominantly chromatid gaps and when gaps are
excludes, results were similar to negative controls. Moreover, only three animals are used whereas
in the guideline 10 animals are recommended. Consequently, the findings were not considered.
Results of these studies provide no evidence that copper compounds are mutagenic in vivo upon
oral administration.

Following non-oral exposure, two tests via ip (intra-peritoneal) (Bhunya, S.P., 1987 and Argawal,
K., 1990) showed positive results, although they had some short comings: no positive control had
been used for one, a low number of animals had been used and a low number of cells examined, and
both studies were no GLP. Moreover, this route of administration is inappropriate, as it avoids the
normal processes of copper absorption and distribution. Furthermore, these results are in conflict
with an additional well-conducted negative in vivo micronucleus study via intraperitoneal injection
(Tinwell, H., 1990).

To conclude, a number of studies have been performed, but several suffer of deficiencies.
Consideration of the weight of evidence from in vitro and in vivo tests, leads to the conclusion that
copper compounds are likely not mutagenic.

Overall, data indicates that copper compounds do not meet 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 for germ cell mutagenicity endpoint if the substance
causes concern for humans owing to the possibility that they may induce heritable mutation in the
germ cells of humans. This classification is based on:
e Positive evidence obtained from experiments in mammals and/or in some cases from in vitro
experiments, obtained from:

o Somatic cell mutagenicity tests in vivo, in mammals (mammalian bone marrow
chromosome aberration test, mouse spot test or mammalian erythrocyte
micronucleus test); or

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

2) Comparison with criteria:

For copper compounds, positive results were observed for bone marrow micronucleus assay
(Bhunya, 1987) and bone marrow chromosome aberration assays (Bhunya, 1987 and Agarwal,
1990) when the substance was administered by intra-peritoneal route. However, this route is
considered as inappropriate as it avoids the normal process of copper absorption and distribution.
And another bone marrow micronucleus assay (Tinwell, 1990), with less deficiency than the
Bhunya’s study, was available and gave negative result. Moreover, two in vivo reliable test (bone
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marrow micronucleus assay (Riley, 1994), UDS in hepatocyte cells (Ward, 1994) performed by the
oral route (natural route, whereby uptake is controlled by homeostatic mechanisms) were negative.
4.8.6  Conclusions on classification and labelling

In this context, the available data do not support a classification for mutagenicity endpoints.

However, there was insufficient evidence to exclude a local genotoxic potential of copper as some
studies by I.P route were positive (but with a low reliability) and that UDS and SCE in vitro tests
without metabolic activation were also positive.
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4.9  Carcinogenicity

Table 44: Summary table of relevant carcinogenicity studies

Method Results Remarks Reference

Rat 3% Guideline not stated Harrisson,

Sprague-Dawley 22% Survival vs 30% in control. Plasma copper level slightly No GLP JW.E,

Daily in diet elevated (303 pg/100ml vs 180pg/100mL in control). Deviations: |S—e|;“”:

Sodium copper chlorophyllin There were no indication of increased tumour incidence at 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

0.1,1or3% (=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 control. |food No GLP J.W_.E.,

Daily in diet efficiency. Moderate 1 in blood urea nitrogen. 1 liver, kidney, Deviations: IS_elé/m,

Copper sulphate sto_mfach welght._ Icter|(_: pigmentation and abnormal cytoplasmic No report but a published paper. T.rab’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)
2220 Pm ) o ) carcinogenic potential.

530, or 1600 ppm Marked accumulation of copper levels in liver and kidneys. 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 and eight month. No GLP J-W_-E-:

Daily in diet Marked reduction in bw in comparison to control. 1 in blood urea | peviations: IS_eI;/m,
nitrogen. Marked accumulation of copper levels in liver and : B

Copper gluconate kidneys. 1 liver, kidney, stomach weight. Icteric pigmentation and 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 bwi/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 maximum values | No GLP (1980)
For 1,2, 3,6, 9, and 15 weeks in week 6, after which levels fell. Dietary administration of copper | Deviations: too short to be used for carcinogenicity
In diet as sulphate at 2000 ppm was associated with histological changes | assessment.
to the liver and kidney, reaching a maximum after six weeks of
2000 ppm copper treatment, followed by recovery to week 15. Initially copper
(equivalent to approximately 200 accumulated with little effect, but from 2-3 weeks, histological
mg/kg bw/day) changes were evident in both tissues. Accumulation eventually
caused a crisis, associated with severe necrosis, followed by
regeneration and recovery.
Rats 3000 ppm No guideline study Haywood,
Wistar lbody weight gain. Liver copper concentration rose rapidly | No GLP S.,
Male weanling between 4 and 5 weeks but fell significantly at week 6. By week | peviations: too short to be used for carcinogenicity | (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 level as at week 2.

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

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

Renal histopathology at 3000 ppm was similar to that seen at 2000
ppm in the earlier study.

4000 and 5000 ppm

Clinical deterioration between 3 and 4 weeks and subsequent
recovery.

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

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

6000 ppm

No weight gain. Two animals died in week 2. At week 6
remaining animals showed weight loss and deteriorating condition
and were sacrificed.

Maximum liver concentrations at week 2 and fell only by week 6.
In the kidney, copper concentration rise until week 4, when it
equalled the liver value. Necrotic liver changes evident in the first

assessment.
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week, increased in severity to weeks 2-3, and resulted in chronic
hepatitis at 6 weeks.

Rat Animals treated with copper at 3000 ppm for one year showed no | No guideline study Haywood,
Male weanling long-term evidence of liver toxicity: an adaptive response was No GLP S.,
Sequential kills 15, 20, 29 and 52 shown S|m_|lar to the earlier shorter study, and at'52 Weeks,_ COPPET | peviations: Yes Loughran,
we Diet concentrations were lower than at 15 weeks. Animals previously . . M.
treated with copper at 3000 ppm for 15 weeks that were then This study can not be considered as a key study, as (1985)

Copper sulphate given 6000 ppm (double the dose) for three weeks did not show it only focus on growth rate and liver copper
3000ppm for 52 weeks (250 mg altered liver copper concentrations, whereas previously untreated | content. The longest of the 3 experiments(52
Cu/kg bw/d ) rats of the same age and strain given 6000 ppm copper showed 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 known carcinogen | No guideline study Howell,
Rats p-dimethylaminobenzene significantly reduced the incidence of No GLP J.S.
5/sex/groups :ngri;uTgLéir?}hags?sdae;Zyﬁd tgf ?anssizt of histological changes The design of the study did not permit assessment | (1958)
Exposed for 16 or 19 months g yperplasia. of tumour incidence of copper administered alone.
In diet o in finely ground maize However, if copper were to have any carcinogenic

. ) action either alone, or as a co-carcinogen, this type
Liver carcinogen: p- of study would certainly have shown an increased
gtlrgegt(t;ylz;c\:nobenzene (DMAB) incidence of tumours, and an earlier onset.

.J70

Copper acetate and/or ferric citrate
were also added at 0.5% and 2.0%
respectively to some groups
Investigation of the effects of oral | The incidences of ovarian tumours after 46 weeks were 0/10, 0/12, | No guideline study Burki,
CuSO4 on the incidence of 7,12- | 11/11 and 6/11 in the untreated controls, copper treated mice, | No GLP H.R. and
dimethylbenz(a)anthracene DMBA-treated mice and DMBA-copper-treated  mice Purity not stated Okita, G.T.
(DMBA) induced ovarian tumours, | respectively. (1969)

tumours of the breast and

lymphomas in C57BL/6J mice

Mouse

C57BL/6J

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

Oral drinking water

This suggests that copper sulphate may possibly inhibit DMBA-
induced tumour development. CuSO4 had no effect on the
incidence of DMBA-induced adenomas of the lung, lymphomas
and breast tumours.
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198g/L

Rat Liver necrosis (3/32) and transitional nodules in the liver (1/32) | No guideline study Carlton,

Sprague Dawley was observed at 40 mgCu/kg/bw/day whereas one kidney tumour | No GLP W.W. and
) . (1/42) was observed in the low Copper group (not thought . Price, P.S.

50-58 animals/male/group significant). Decreased body weight gain and increased mortality Purity not stated (1973)

9 months
Oral diet
Copper sulphate

The excess Cu diet contained 800
ppm Cu as CuSO,

were found in the high copper group. Exposure to known
carcinogens increased the incidence of liver necrosis and
transitional nodules and each induced a similar incidence of liver
tumours in rats fed excess copper or copper-deficient diets.

In the DMN group, 17/30 rats on the copper-deficient diet and
kidney tumours compared to 0/29 given excess copper. The
incidence of AAF-induced extrahepatic neoplasms was apparently
reduced by the excess copper diet. (5/30 vs 11/27).
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49.1 Non-human information

4.9.1.1 Carcinogenicity: oral

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

Deviations:

e This is not a report but a published paper in J. American Pharm ASS.,

e number of animals too small, with several interim sacrifices, all being not due to bad
conditions,

e due to the small number of rats per group it is impossible to make any conclusion on a
carcinogenic potential,

e number of organs were not examined,

e adrenals were not weighed at necropsy, clinical chemistry parameters not performed..

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

Twenty males and 20 females Sprague-Dawley rats were dosed with 0, 0.1, 1, and 3 % of potassium
sodium copper chlorophyllin. in the diet (equivalent of 53, 530 and 1600 ppm copper in the diet or
equivalent of 2.7, 27 and 80 mg Cu/kg b.w./day ). The animals were observed at least three times a
week for mortality and clinical observations. Body weights, food and water consumption were
measured weekly.

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

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

Haematology and urinalysis were performed at regular intervals throughout the study.

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

Histopathology was performed on all animals from the 52-week kill and at terminal sacrifice.
Plasma and faecal samples were taken after 62 days and analysed for copper and ‘chlorophyllin’
content.

Mortality: Control group 30 %, group 0,1 % in diet 18 %, group 3 % in diet 22 %. There is no
indication, in the published paper, for the 1 % in diet group.

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

Food consumption and food efficiency were similar for all groups.
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Mating: Not all females were pregnant, although the period allowed for mating was only 1 week.
Mean numbers of pups born were 7.2 for controls and 6.5 to 9 for the treated groups. The number of
pups raised to maturity was 5.2 for the controls and 4.5 to 6.2 for the treated groups. There were no
differences that could be attributed to treatment. The report does not state the duration of pre-mating
treatment.

Haematology and urine examinations: There were no differences in any of the parameters measured
including the oxygen carrying capacity of haemoglobin.

Plasma chlorophyllin and plasma copper:

Table 45: Plasma chlorophyllin and copper

Diet Chlorophyllin Copper
pg/mL pg/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 in the high dose group

Tissue stored copper: The high dose animals had a slightly higher liver copper concentration (not
significant) after two years treatment compared with the controls. Kidney and spleen copper
contents of the chlorophyllin treated animals were similar to the controls.

Necropsy, organ weights and histopathology: Organ weight analysis and necropsy findings at the
interim and final kills were not adversely affected by treatment.

Findings at terminal kill included ventricular oedema, areas of pulmonary consolidation, occasional
liver tumour and occasional cystic areas, retention cysts and minor congestion of the kidneys,
pituitary tumours, hyperplasia of the lymphoid tissue of the small intestine and occasional atrophy
of the reproductive organs. The study authors reported that these findings were distributed among
control and test groups and were consistent with the age and strain of animals. No detail on the
incidence of these tumours was available.

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

At 1600 ppm, the kidneys, liver, stomach, small intestine and spleen of animals sacrificed after 52
weeks, showed only tinctorial changes with no cell injury. All sections of control and test animals
showed interstitial scarring, tubular atrophy, and dilatated tubules filled with hyaline material and
minor inflammatory changes in kidney, at termination. Apart from minor adrenal cortical changes
of a cystic and old hemorrhagic nature in the cortex of 2 high level animals and a small adenoma at
the same dose there were no adverse effects at histopathological examination of the chlorophyllin
treated animals.

There was no observation of increased tumour incidence in rats at 104 weeks.
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Copper administered to rats as potassium sodium copper chlorophyllin showed moderate adverse
effects following prolonged (104 weeks) dietary administration at 1600 ppm (ca 80 mg Cu/kg
bw/day). NOAEL = 27 mg Cu/kg bw/day.

e Copper sulphate (42 weeks)

Twenty-five males and 25 females Sprague-Dawley rats were fed diets containing copper sulphate,
equivalent in copper content to the copper in the 3 and 1% potassium sodium copper chlorophyllin
diets, i.e. 1,600 ppm and 530 ppm (equivalent of 80 and 27 mg Cu/kg b.w./day), respectively for up
to 44 weeks A third control group received the basal diet only. Similar data were collected
throughout this study as in the study with potassium sodium copper chlorophyllin.

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

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

Bodyweight: The growth of animals on the high level of CuSO, was adversely affected by
treatment. This was readily discernible at the 26™ week, when male control animals and animals
receiving 530 ppm Cu weighed at least 50% more than animals on the 1600 ppm Cu intake.
Animals of both sexes receiving 530 ppm copper as sulphate showed body weights that were
essentially similar to controls.

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

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

Tissue-stored copper: The liver copper levels were several times higher than the controls or the
chlorophyllin treated animals and were produced in relatively shorter time. In the high dose sulphate
treated animals showed higher levels in kidney and spleen than the chlorophyllin treated animals.

Necropsy, organ weights and histopathology: Treated animals (killed in Weeks 33 and 42) findings
in the high dose groups included bronzed kidneys exhibiting sharp demarcation between the cortex
and the medulla; bronzed or yellowish livers; hypertrophied ridges between the cardiac and peptic
portions of the stomach, occasional ulcers and some blood; bloody mucous in the intestinal tract.

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

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

Histopathology was performed on the organs of animals in the 1600 ppm group (sacrificed at 30 to
35 weeks), and also on the liver, kidney and testes of animals in the 530 ppm group (sacrificed at 40
to 44 weeks). The following organs were normal in all animals: Spleen; adrenals; small intestine;
large intestine; stomach; sciatic nerve. The livers of animals in the 1600 ppm group showed well-
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defined abnormalities of a toxic nature in both males and females; icteric pigmentation was
increased and cytoplasmic staining properties were abnormal. The kidneys of animals in the 1600
ppm group showed minor changes. Varying degrees of testicular degeneration were noted in both
treatment groups; the ovaries of the females were not noticeably affected to any degree. The
kidneys, liver and testes of all the control animals were found to be normal. No microscopic
evidence of neoplasms was reported.

Copper administered to rats as sulphate showed adverse effects following prolonged (but limited to
44 weeks) dietary administration at 1600 ppm and a far less extent at 530 ppm (equivalent to
approximately 27 mg Cu/kg bw/day). The NOAEL is <27 mg Cu/kg bw/day).

e Copper gluconate (42 weeks)

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

Twenty-five males and 25 females were fed diet containing copper gluconate with a copper
equivalent to 1,600 ppm or 80 mg Cu/kg b.w./day up to 44 weeks.

Mortality: Ninety percent died between the fourth and eight month

Bodyweight: There was a very marked reduction of bodyweight gains, from week 8 in males and
week 26 in females.

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

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

Copper content of tissues: The liver copper levels were several times higher than the controls or the
chlorophyllin treated animals and were produced in relatively shorter time. The very high levels
seen in the gluconate treated animals correlated with the high death rate and the high blood non-
protein nitrogen in these animals. In the high dose gluconate treated animals showed higher levels
in kidney and spleen than the chlorophyllin treated animals.

Necropsy, organ weights and histopathology: Treated animals findings included bronzed kidneys
and livers, hypertrophied limiting ridges in the stomach with occasional ulcers and bloody mucous
in the intestinal tract. The stomachs of some animals were sometimes flabby and distended.

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

There were minor histopathological changes, but not consistent, in the kidney sections of the high
dose animals. Icteric pigmentation was increased in the liver with abnormal cytoplasmic staining
properties.

There were no observations of increased tumour incidence

Copper administered to rats as gluconate showed marked adverse effects following prolonged (but

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

Table 46: Copper content of tissues (mg Cu/100 g tissue)

Dose level (%) potassium sodium copper chlorophyllin

Week
0 | 0.1 | 1 | 3

Liver — Males
10 041 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 gluconate

0 | 530sulphate | 1600 sulphate | 1600 gluconate

Liver — Males
Term | 1.16 | 12.47 | 38.28 | 75.1
Liver — Females
Term | 1.78 | 32.36 | 45.77 | 56.6
Kidney — Males
Term | 2.48 | 3.49 | 15.83 | 59.57
Kidney — Females
Term | 3.53 | 6.91 | 12.11 | 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 summarized in the repeated toxicity part.

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

Male weanling Wistar rats were given 3000 ppm copper as copper sulphate via the diet for one year
(equivalent for 250 mg Cu/kg b.w/day). At 15, 20, 29 and 52 weeks, groups of three or four rats
were weighted, killed and the livers examined. In a second experiment, sixteen male weanling
Wistar rats were fed diet containing 3000 ppm copper as copper sulphate for 15 weeks. At 15
weeks, four rats were killed and the livers examined as before. The remaining animals were given a
diet containing 6000 ppm copper as copper sulphate (equivalent for 500 mg Cu/kg b.w/day) for a
further three weeks at which time they were also killed and the livers examined. A further 16 rats
were given control diet for 15 weeks, four were killed and the livers examined, and the remaining
rats were also given the diet containing 6000 ppm copper 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 control group mean body weight was 513 g, and the group
mean body weight of rats receiving 3000 ppm was 433 g. Mean liver copper concentration in the
treated animals was 1303 pg/g at 15 weeks and fell to 440 pg/g at 52 weeks.

In the second experiment, the change of diet at 15 weeks to 6000 ppm did not affect the condition of
the ‘primed’ rats previously fed copper at 3000 ppm, but the unprimed group were lethargic with
ruffled coats. Liver copper content of the ‘primed’ group did not alter significantly (1395 ug/g
compared to 1342 ng/g at week 18) at the change of diet, but liver copper content of the unprimed
group rose from 18.0 pg/g at week 15 to 1835 ug/g at week 18 — higher than the primed animals.
Histologically, at 15 weeks, animals that had received 3000 ppm showed complete lobular recovery
with only some fine residual scarring and some hyalinised cells in the portal areas, in line with
recovery seen in earlier studies. There were no further changes in primed animals receiving
6000 ppm for the additional three weeks. In the animals with no previous copper supplementation,
there was moderate to severe hepatocellular necrosis with an associated inflammatory response after
3 weeks administration of diet containing 6000 ppm.

Animals treated with copper at 3000 ppm for one year showed no long-term evidence of liver
toxicity: an adaptive response was shown similar to the earlier shorter study, and at 52 weeks,
copper concentrations were lower than at 15 weeks. Animals previously treated with copper at
3000 ppm for 15 weeks that were then given 6000 ppm (double the dose) for three weeks did not
show altered liver copper concentrations, whereas previously untreated rats of the same age and
strain given 6000 ppm copper showed moderate to severe hepatocellular necrosis.

No information on tumors development was available in this study.
The following studies did not permit assessment of tumour incidence of copper administered alone

but showed a beneficial effect of copper when administered together with known carcinogens. In
this context, theses studies must be only be considered illustrative. However, if copper were to have
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any carcinogenic action either alone, or as a co-carcinogen, this type of study would certainly have
shown an increased incidence of tumours, and an earlier onset. It did neither.

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

During experiment A, groups of 5 male and 5 female rats received the known carcinogen p-
dimethylaminoazobenzene in either standard laboratory diets or maize supplemented with ferric
acid and copper acetate for their whole lifespan. Liver biopsies were performed regularly.
Experiment B was performed to confirm the inhibitory effect of copper acetate. Groups of 5 male
and 5 female rats received dimethylaminobenzebe (DMAB) in maize with or without ferric acid at
2% or copper acetate at 0.5%. In addition, groups with alternating feeding were included to reduce
the likelihood of copper acetate interfering with DMAB absorption in the gut. The animals were
sacrificed when palpable liver tumours were observed. Spleen weights were determined and
histopathology of liver and spleen was conducted.

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

It was concluded that copper has a beneficial effect in reducing the action of the carcinogen. The
study indicates that copper has no carcinogenic potential when administered in the diet.

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

GLP: No

Deviations:  Yes

A study was carried out to determine whether a high level of Cu would have an inhibitory effect on
the induction of neoplasia by acetylaminofluorene (AAF) or dimethylnitrosamine (DMN) and to
determine whether the incidence of neoplasia would be increased, or whether neoplasms would
appear earlier in rats fed a diet low in Cu.

Six experimental groups of Sprague-Dawley rats were included in this study. Three groups were fed
a basal diet containing 1 ppm Cu (“Cu-deficient diet”) (equivalent for 0.05 mg Cu/kg bw/d) and a
further 3 groups received the basal diet supplemented with CuSQO, to give a Cu concentration of 800
ppm (“excess-Cu diet”) (equivalent for 40 mg Cu/kg bw/d). Within each of these two dietary
regimens, one group received DMN in the drinking water and the other received AAF in the diet.
Groups without these carcinogens served as controls. The initial number of animals used in each
group was as follows: Cu-deficient control, 50 rats; Cu-deficient-DMN, 74 rats; Cu-deficient-AAF,
55 rats; excess-Cu-control, 58 rats; excess-Cu-DMN, 102 rats; excess-Cu-AAF, 65 rats. The
numbers in each group varied because preliminary studies showed that higher DMN concentrations
were toxic.

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

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

Liver and kidney Cu concentrations were determined by atomic absorption spectrophotometry. The
analyses were run in triplicate and precautions were taken to prevent Cu-contamination of the
tissues.

Rats fed the Cu-deficient control diet consistently had the highest mean bodyweights. Mean weights
of other groups decreased in the following sequence: Cu-deficient-DMN; excess-Cu control and
excess-Cu DMN had similar mean weights; Cu-deficient AAF; excess-Cu-AAF. AAF was
considered to be markedly toxic.

After 3 months, mortality in the 6 groups was as follows:

Table 47: Mortality after 3 months and at termination

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:
e Livers from control rats fed both Cu-deficient and excess-Cu diets were grossly normal.

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

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

The numbers of hepatic neoplasms in AAF-treated rats on the Cu-deficient and excess-Cu diets
were similar and it appeared that the concentration of Cu had no effect upon the incidence of
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hepatic neoplasms. However, the latency period may have been slightly increased, as hepatocellular
carcinomas and metastases occurred 1 month later in the excess-Cu group.

e Kidneys grossly enlarged with neoplasms were seen after 5 months in Cu-deficient-DMN
rats.

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

e Abnormalities observed at autopsy in Cu-deficient-DMN rats included pale, expanding
masses in the lungs of 2 rats.

Grossly detectable neoplasms were observed in the lungs of excess-Cu-DMN rats after 7 and 8
months.

Neoplasms at locations other than the liver were most numerous in Cu-deficient-AAF rats. After 5
months, 3 rats had grossly obvious neoplasms in one or more of the following locations: ventral
throat area, middle of side, groin area and base of ear. After 6 months, neoplasms were noted in the
lungs of 2 rats and in the spleen of another. At month 7, neoplasms were present in the ventral
thorax, spleen, abdomen, perianal region, base of ear, right rear leg and small intestine.

Fewer extrahepatic neoplasms were found in excess-Cu-AAF rats (17% compared with 40% in the
excess-Cu-AAF). Those that occurred werelocated at the base of the ear, along the lateral abdomen
and in the lungs. It was considered that the Cu supplement acted to reduce the number of
extrahepatic neoplasms.

No gross abnormalities were observed in the urinary bladder of animals in any group.

Histopathology showed that:

e Commonly occurring non-neoplastic lesions in the livers of carcinogen-treated rats included
biliary-ductule cell hyperplasia, proliferation of biliary ducts and the presence of
haematocysts.

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

e Fibrosarcomas, adenomas and adenocarcinomas were seen in kidneys of Cu-deficient-DMN
rats.

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

e Neoplasms in locations other than liver and kidneys included those of the lung, spleen, skin
and -intestine.
The neoplasms observed included adnexal gland adenocarcinomas, keratoacanthomas, splenic
lymphoma, alveolar-cell adenomas and adenocarcinomas, adenocarcinoma arising from the
epithelium of the intestinal mucosa, squamous cell carcinomas of the skin and lungs, fibrosarcoma
of the dermis and a rhabdomyosarcoma. The incidences of these neoplasms were less in rats
receiving excess Cu and a carcinogen.

Table 48: Incidence of hepatic lesions and neoplasms in rats fed copper-deficient and excess-
copper diets with DMN or AAF treatment and killed at monthly 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 24 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 94 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-water for 4-day periods alternating with distilled water.
AAF — 0.06% acetylaminofluorene in the diet for 4-day periods alternating with control diet.
* Percentage of rats affected

To conclude

Liver: livers from excess-Cu control rats confirmed the occurrence of liver necrosis and transitional
nodules in 3/32 and 1/32 animals, respectively. Neither of these lesions was found in the livers of
animals fed a Cu-deficient diet. Exposure to DMN and AAF increased the incidence of liver
necrosis and transitional nodules, and each induced a similar incidence of liver tumours in rats fed
both the Cu-deficient and excess-Cu diets. It was concluded 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 Cu-deficient diet had kidney tumours compared with
0/29 given excess Cu. There were no kidney tumours in the AAF-treated groups.

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

Reference:  Burki, H.R. and Okita, G.T. (1969)
Guideline:  No
GLP: No
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A study was carried out to investigate the effects of oral CuSO4 on the incidence of 7,12-
dimethylbenz(a)anthracene (DMBA)-induced ovarian tumours, tumours of the breast and
lymphomas in C57BL/6J mice and of tumours of the lung in strain A mice. The study was divided
into four separate experiments, designated A, B, C and D.

In all cases, CuSO4 was dissolved in drinking water at a concentration of 198 mg/l (equivalent to
approximately 50 mg Cu®*/I or 10 mg Cu/kg b.w/day). CuSO4-treated animals had access to the
solution ad libitum over the entire experimental period.

Experiment A: CuSO4 was administered in the drinking water of 5 female mice (C57BL/6J) aged 4
— 6 months. Two weeks after commencement of copper treatment, the mice received an intravenous
(i.v.) injection of 0.75 mg dimethylbenz(a)anthracene (DMBA), a known carcinogen. A second
group of 5 mice received DMBA alone. Five untreated mice served as controls. The experiment was
terminated 74 weeks after DMBA treatment.

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

A second group of 11 mice received DMBA alone. Ten untreated mice and 12 mice receiving
CuSO4 served as controls. The experiment was terminated 44 weeks after DMBA treatment.

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

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

Animals in all experiments were observed daily. All mice found dead and those sacrificed were
subject to post-mortem evaluation. Sections of the liver, lung, kidney, spleen, thymus, ovaries and
all tumour-like structures were fixed in 10% formalin in phosphate buffer at pH 7.4. Specimens
were embedded in wax, sectioned for light microscopy and stained by haematoxylin and eosin.
Vaginal smears were also taken and stained with Wright’s stain.

Experiments A and B: The incidences of ovarian tumours in Experiment A after 76 weeks were 0/5,
4/5, and 0/5 in the untreated controls, DMBA-treated mice and DMBA plus Cu-treated mice,
respectively. The incidences of these tumours in Experiment B after 46 weeks were 0/10, 0/12,
11/11 and 6/11 in the untreated controls, copper-treated mice, DMBA-treated mice and
DMBA/copper treated mice respectively. The results of these two experiments suggested that
CuS0O4 may inhibit DMBA-induced tumour development.
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The incidences of lymphomas in Experiment A were 0/5, 1/5, and 5/5 in the untreated controls,
DMBA-treated mice and DMBA plus Cu treated mice respectively. Although these results implied
that incidence of lymphomas were greater in DMBA plus CuSOA4-treated mice than in those
receiving DMBA only, this finding could not be repeated in Experiment B (incidences of
lymphoma 1/10, 2/12, 3/11 and 3/11 in the untreated controls, Cu-treated mice, DMBA-treated
mice and DMBA plus Cu-treated mice, respectively). It was therefore concluded that CuSO4 had no
effect on the induction of lymphomas by DMBA.

Experiment C: Tumour incidence in the 12 mice given CuSO4 alone (1 breast tumour, 2
lymphomas and no lung or ovarian tumours) was similar to that in the 19 untreated controls (2
lymphomas, no breast, lung or ovarian tumours). CuSO4 had no effect on the incidence of DMBA-
induced lung adenomas (incidence 4/9 in DMBA plus Cu-treated mice and 4/10 in mice treated
with DMBA only), although it appeared to prolong the survival of DMBA-treated mice (mean
survival 28 weeks compared with 19 weeks in mice treated with DMBA only), and to slightly
reduce the total number of tumours seen, as compared with mice given DMBA only.

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

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

DMBA was injected or administered by skin paintings to C57BL/6J and to strain A female mice
kept on a diet supplemented with CuSO4. It was found that CuSO4 had no effect on the incidence
of DMBA-induced adenomas of the lung, lymphomas and breast tumours. CuSO4 did not prevent
the induction of pre-cancerous lesions in the ovary, but may have delayed the development of
granulosa cell tumours.

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 have investigated the health hazards, including
cancers (most frequently lung cancer) and non-malignant diseases, associated with occupational
exposures in the copper mining, copper smelting and refining, and copper alloy industries. Most of
these studies are confounded by numerous factors including co-occurring exposures to known
carcinogenic compounds, such as arsenic; lack of consideration of individual exposures; failure to
consider smoking status; and the use of biomarkers of copper status, such as serum copper levels,
that are altered by the disease state. None of the available studies provide convincing evidence that
copper plays an aetiological role in the development of cancer in humans.
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Copper mining

Two cohort mortality studies of the same population of over 7000 copper miners in Tongling, China
have addressed the risks associated with copper mining (Chen et al, 1993; 1995). In these studies,
lung cancer mortality was found to be significantly increased, for underground miners and for
drilling miners (both p<0.01). Cigarette smoking was a partial contributor to this excess mortality.
Other cancers (oesophagus, stomach and liver) were also studied, but did not demonstrate a
statistically significant increase. Although these were large, well-conducted epidemiological
studies, the Chinese miners and smelters are subject to different genetic and environmental
influences. Chinese workers are also likely to be subject to very different occupational exposures
than European copper miners, such as those in Sweden. Although limited information regarding
occupational exposures to dust and ionizing radiation was included in the two Chinese studies,
exposure specifically to copper compounds was not measured. The results should therefore be
extrapolated to European workers with caution. No well-designed epidemiological studies of
European copper miners were available for review.

Copper smelting

The majority of the epidemiological studies have reported on large populations of copper smelter
workers in the USA, at Anaconda in Washington State (Welch et al, 1982; Viren and Silvers, 1994),
Tacoma in Montana (Enterline el al, 1995) and the Gila basin region of Arizona (Marsh et al, 1997;
1998). Additionally, the cancer risk of environmentally exposed residents in Arizona has been
investigated by the latter authors. Other reports have described occupationally exposed populations
in China (Chen et al, 1995), Japan, Sweden, (Welch et al, 1982; Viren and Silvers, 1994) and at a
nickel copper smelter in Finland (Karjalainen et al, 1992).

Ten studies of copper smelters were identified which predominantly studied lung cancer mortality in
populations of smelter workers, in most cases, focussing on the association with arsenic exposure.
Potential involvement of copper in cancer mortality did not feature in any of these studies. Most of
these studies demonstrated a statistically significant increase in lung cancer mortality. Of these, four
out of five found a linear increase in the excess relative risk of respiratory cancer with increasing
exposure to airborne arsenic (Pinto et al, 1978; Welch et al, 1982; Viren and Silvers, 1994; Lubin et
al, 2000; Enterline et al, 1995). Four of these five studies were from populations in the USA, the
other study analysed two published cohort studies from the USA and Sweden. It is notable that none
of the available studies present exposure data for copper or other pollutants (apart from nickel
exposure at a nickel/copper smelter in the study by Karjainen et al, 1992).

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

Several studies have also examined mortality from other cancers. Results reported show little
concordance. Some studies demonstrated no statistically significant increased mortality for other
cancers (Pinto et al, 1978), while others demonstrated statistically significant increases in mortality
due to other causes (Chen et al, 1995; Welch et al, 1982; Lubin et al, 2000; Enterline et al, 1995).
There is little consistency between studies with respect to sites of excess non-respiratory cancers;
urinary tract cancer (Welch et al, 1982), cancer of the large intestine and bone cancer (Enterline et
al, 1995).
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Copper refining

A single study has been published on mortality among 4,802 workers in nine US copper and zinc
refineries with the aim of determining whether any excess mortality was associated with specific
refining operations (Logue et al 1982). As 74% of the study population were employed in copper
refining only, causes of mortality were separately analysed for this group, involving 335 decedents.
[In the study report, this group is misleadingly referred to as the “cohort exposed only to copper”].
In this cohort, statistically significant increases were demonstrated for all cancers (63 observed,
61.01 expected; SMR 128) and for cancer of the digestive tract (20 observed; 15.71 expected; SMR
157). The significant excess mortality due to all cancers, including respiratory cancers, among this
cohort was largely attributable to one plant which unlike the other study plants had its refinery
adjacent to a smelter. A number of workers at this refinery had transferred from the smelter. It is
therefore possible that previous occupational exposure could have contributed to the excess cancer
mortality. This study provides no qualitative or quantitative exposure data, or data on smoking
history. Consequently, association between exposure and the excess cancer mortality reported
cannot be explored.

Copper alloys

A single cohort study of mortality in 347 copper cadmium alloy workers has been reported,
focussing on the relationship between cadmium oxide exposure and mortality from lung cancer and
non-malignant diseasea of the respiratory system (Sorahan et al 1995). This study showed a
statistically significant increased risk of mortality from chronic, non-malignant respiratory disease
in workers exposed to cadmium oxide fume, but found no increase in risk for lung cancer.

Serum copper levels and cancer

Several studies have investigated the possible association between serum copper concentrations and
cancer risk. However these investigations are complicated by the fact that alterations in serum
copper concentration may be related to the disease-state. Therefore epidemiological studies
investigating serum copper levels only following diagnosis of cancer provide little useful
information regarding the possible causal role of copper in cancer (Cavallo et al, 1991, Dabek et al,
1992, Prasad et al, 1992).

In the few prospective studies where copper serum levels were measured prior to diagnosis, there is
no convincing evidence that dietary intake or serum-copper levels play an aetiological role in
carcinogenisis. For example, Coates et al (1989) investigated serum copper levels in a cohort
diagnosed with a range of cancers up to 10 years prior to diagnosis with cancer. This study found
that there was only a positive correlation between copper levels and cancer risk in cases diagnosed
fewer than 2-4 years after blood draw. In cases diagnosed more than 2-4 years after collection of the
blood sample there was no statistically significant relationship. Cancer is a complex multistage
process generally regarded to take many years to develop clinical features. If elevated copper serum
levels were truly a risk factor for cancer, an association between copper serum levels and
subsequent disease would have been expected to be maintained in cases where blood samples where
taken many years prior to diagnosis. A single cohort study of over 5000 healthy women from
Guernsey, studied between 1968 and 1975 investigated the influence of hormonal and other factors
on breast cancer (Overvad et al, 1993). This study reported an association between raised serum
copper levels and the risk of developing breast cancer. However, the authors concluded that
elevated serum copper was probably disease mediated or an incidental association, rather than
causal.
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In summary, although serum copper appears to be elevated in some cancer patients and may be a
potential marker of disease-state there is little or no convincing evidence that dietary copper plays
an aetiological role in human cancer.

Genetic diseases in human:

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

Wilson’s disease is a defect in the ATPase for copper transport ATP7B (or WND), expressed
mainly in the liver, resulting in faulty copper transport, impaired incorporation of copper into
ceruloplasmin, impaired copper biliary excretion, and copper accumulation in the liver and brain.
Hepatic copper levels range from 200 to 800 pg/g dry weight (normal range 20 to 50 pg/g), and
patients present with hepatic cirrhosis and fatty infiltration of the liver. Urinary copper is much
higher than normal (as in rats given sufficiently high oral doses to cause liver toxicity). Treatment is
by chelation therapy using D-penicillamine, such that intestinal absorption is reduced, and chelated
copper complexes are excreted in the urine, and liver and body levels are kept below levels at which
liver disease occurs. Zinc therapy (orally as zinc sulphate) acts to induce excess metallothionein in
the intestinal cells. Metallothionein has a stronger affinity for copper than zinc. The copper remains
bound in the gut cells, which are then sloughed off, and the copper is lost. In the second or third
decade of the disease, neurological symptoms can occur. Copper accumulation in the brain causes
degeneration of the basal ganglia, resulting in defective movement, slurred speech, difficulty in
swallowing, facial and other muscular spasms, dystonia and poor motor control. Depression and
schizophrenia have been reported. Copper may also be deposited in the cornea (Kayser-Fleischer
rings).

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

The symptoms result from a defect in the MNK protein, producing an inability to export copper
from cells, particularly from the basal membrane of the small intestine, where copper is absorbed.
This leads to very high concentrations of copper in sloughed intestinal cells, but the failure to export
the “absorbed” copper to the bloodstream results in an effective copper deficiency for the rest of the
body. The disease shows progressive mental retardation, hypothermia, seizures, poor muscle tone,
feeding difficulties, jaundice, diarrhoea and a general failure to thrive. There are abnormalities of
connective tissue with deformities of the skull, long bones and ribs. The hair is abnormal with a
wiry texture and a spiral twist.

Both diseases result from genetic defects where the subject is unable to produce respectively the
copper ATPases ATP7B and ATP7A. These are members of the human cation-transporting P-type
ATPase family. The P-type ATPases are a large group of membrane proteins that utilise the energy
of ATP hydrolysis to transport various ions across cell membranes. During the catalytic cycle the
v -phosphate of ATP is transferred to the invariant aspartic acid residue within the nucleotide-
binding site of ATPase with the formation of acylphosphate intermediate: this property
distinguishes the P-type ATPases from other cation-transporting pumps. Over 100 Ptype ATPases
have been described. The loci of the encoding genes have been identified for both WD and MD.
Both pump copper across cell membranes. The MD pump (ATP7A) is the pump that actually moves
copper through the basal membrane of the intestinal epithelial cells so that copper enters the hepatic
portal system where it binds to albumin, transcuprein and histidine to reach the liver. In the MD
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subject, ATP7A is inactive, and copper from the diet accumulates in the intestinal epithelial cells,
bound to induce metallothionein. The presence of copper within the cell induces the production of
more metallothionein, and the copper-metallothionein complex accumulates during the life of the
cell. When the cells are sloughed off into the intestinal lumen, as is the normal course of events, the
cells and the copper within them are excreted in the faeces, and the copper is lost to the body.
Subjects with Menkes’ disease can still absorb small amounts of copper. Copper accumulates in
fibroblasts and in the kidney of Menkes’ disease subjects, but there is no evidence of increased
incidence of cancer in these tissues either. Menkes’ disease is effectively a disease of copper
deficiency. In terms of risk assessment of copper in the normal human, the accumulation of copper
in the intestinal epithelium on Menkes’ subjects can be considered as the equivalent of an excessive
oral dose of copper to the epithelial cells.

Carcinogens of the intestine may act by irritation or some other means to cause proliferation of the
intestinal epithelium that eventually results in hyperplasia and tumour formation. MD subjects do
not suffer from increased incidence of cancer of the intestine. This shows conclusively that excess
copper in the intestinal cells does not cause cancer or long-term toxicity in that tissue. Wilson’s
disease (WD) involves the other ATPase previously referred to, ATP7B. In normal humans, this
enzyme is primarily active in hepatocytes. It is involved in the trans-Golgi network (TGN). Copper
absorbed by the hepatocyte via the inbound membrane pump hCTR1 (human copper transporter
protein 1) and is bound to metallothionein within the cell. It may be bound by ATP7B to
ceruloplasmin (a protein that binds up to 6 copper ions tightly and transports them to various tissues
for use, including the brain. If there is excess copper in the hepatocyte, ATP7B is induced to traffic
to vesicular compartments (lysosomes) and directly to the apical membrane, where copper is
secreted from the cell bound to a trypsin-independent fragment of ceruloplasmin and excreted in the
bile. In WD, ATP7B is inactive and the absorbed copper accumulates in the hepatocytes bound to
metallothionein. The bile of WD subjects does not contain copper. In the hepatocyte, excess copper
may accumulate in mitochondria, in the cytoplasm and in lysosomes, bound to metallothionein.
Eventually the cell’s copper storage capacity is exceeded.

Mitochondrial damage occurs and eventually the hepatocyte dies, whence the cell contents are
released to the circulation, depositing copper in extrahepatic tissues. Wilson’s disease thus leads to
massive accumulation of copper in the liver. The disease usually manifests in late adolescence, and
is ultimately fatal if not treated, but death is from liver failure, not from cancer. Treatment involves
administration of penicillamine, which forms a copper complex capable of urinary excretion. There
is no evidence of increased incidence of liver cancer in WD subjects. This shows that even massive
accumulation of copper in the target organ, the liver, does not result in cancer in the human.
Accumulation of copper leads to cell death, but this is only in the presence of excessive copper
concentrations, brought about by a genetic condition resulting in the disruption of the natural
homeostatic mechanisms for copper.

It should be noted that Wilson’s disease is genetic, and the accumulation of copper and resulting
liver failure occur under the natural levels of copper in the diet, not as a result of exposure to
excessive levels of copper in the environment. However, the accumulation of copper in the liver
may be taken as a model for accumulation of excess copper in a toxicity study, and the conclusion
drawn that chronic high liver levels do not result in increased incidence of cancer.

Vinevyard spraver’s lung: an occupational disease

Reference:  Pimentel, J.C. and Marques, F. (1969)
Guideline:  No
GCP: No.
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Case reports of two male rural workers, whose main occupations were spraying vineyards using
‘home-made’ Bordeaux Mixture (solution of copper sulphate neutralised with hydrated lime) and/or
cleaning the tartar from wine presses, admitted to the Thoracic Surgery Centre for investigation. In
both cases tuberculosis had been diagnosed some months previously and had been treated. In one
case there was improvement but not complete clearing and as his sputum was persistently negative
for tubercle bacilli surgical lung biopsy was proposed. Similarly in the other case after improvement
with treatment the symptoms reappeared on his return to work and lung biopsy was performed. The
paper notes that the Bordeaux Mixture used to be applied to vines up to 14 times a season. The
preparation of Bordeaux Mixture on the farm, from copper sulphate and lime is not relevant to the
purchase of factory-prepared materials, as the home-made preparation is imprecisely neutralised,
leading to excess of either copper sulphate or lime in the preparation. The home-made preparation
was also applied by relatively primitive methods, e.g. by hand using a rush broom, or manual
sprayers. Such practices should not be taken into account when assessing the application of modern
commercial formulations with modern machinery at the significantly lower application rates
(approx. 8 kg/Ha compared to >24 kg/Ha historically). The paper also describes an inhalation study
in guinea pigs.

In Case 1, lung lesions had a focal distribution and corresponded to three distinct patterns; a varying
number of alveoli filled with desquamated macrophages, granulomas in the alveoli septa and fibro-
hyaline nodules which seemed to be the scars of the granulomas. Copper was found in the granular
material contained in the intra-alveolar macrophages. Similar findings were present in Case 2. In a
separate experimental study using guinea pigs, similar findings were reproduced.

This investigation showed the need for protective measures for workers while spraying and that
lung biopsy was required for the correct identification of this type of condition. The fact that the
condition has not been reported in the recent literature indicates that the condition was primarily
associated with uncontrolled use of “home-made’ product without any protective measures, and that
modern application techniques for copper products are not 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.

Three cases of death were examined, one was an alcoholic and all were rural workers involved with
spraying vineyards using Bordeaux Mixture, a copper sulphate solution neutralised with hydrated
lime (referred to in this summary as “home-made” Bordeaux mixture). All had characteristic
pulmonary lesions described previously for vineyard sprayers using ‘home-made’ Bordeaux
Mixture. Livers were examined histopathologically either at necropsy or from percutaneous biopsy
material. Various staining techniques for the sections were used, including histochemically for
copper. The sections were also viewed using ordinary and polarised light.

In all cases hepatic changes were found consisting of proliferation and diffuse swelling of Kupfter’s
cells and the formation of well defined histiocytic or sarcoid-type granulomas all with inclusions of
copper. These lesions were always found near the portal tracts. The identification of copper within
the lesions characterises the nature of these granulomas. The lesions were different from those
observed in conditions such as primary biliary cirrhosis in which copper deposits can be found in
hepatocytes; granulomas containing copper are never found. In the present condition, copper
deposits were never found in the hepatocytes.
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The occupational exposure to ‘home-made’ Bordeaux Mixture, the characteristic pulmonary lesions
of vineyard sprayer’s lung and the presence of copper in the 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 vineyards with Bordeaux Mixture (solution of copper
sulphate with hydrated lime) for periods that varied from 3 to 45 years were studied. The paper
states that spraying was carried out from 15 to 100 days per year, and 600 litres of mixture were
sprayed each day by each worker. As has been observed previously, these practices from more than
25 years ago, using home-made Bordeaux mixture and primitive application techniques and
significantly higher application rates should not be used in a risk assessment of factory-produced
copper plant protection products, applied using modern engineering equipment and protective
clothing, at modern (lower) application rates.

The spleens of four of cases were also examined. All cases with other possible causes of liver
damage, such as hepatitis, alcoholism etc were excluded. Several stains were used for sections
including those for histochemical localisation of copper. Various light forms including
conventional, polarised, phase contrast and interference microscopy were used. Normal livers were
used as controls.

The pathological findings were varied and included diffuse and focal swelling and proliferation of
Kupffer cells, (diagnostic, and present in all cases), histiocytic and sarcoid-like granulomata (7
cases) fibrosis of variable degree in the perisinusoidal, portal and subcapsular areas (8 cases),
accompanied by atypical proliferation of the sinusoidal lining cells, one case of liver angiosarcoma,
micronodular cirrhosis (3 cases) and idiopathic portal hypertension (2 cases). Abundant deposits of
copper were revealed, by histochemical techniques, within pulmonary and hepatic lesions. These
cases were characterised by long-term exposure. The single case of angiosarcoma was in a man who
had sprayed vineyards with ‘copper sulphate’ from the age of 18 to 53 (35 years). The average
exposure in the cases of fibrosis was 29 years, and the two cases of cirrhosis followed exposure for
28 and 30 years.

The presence of abundant deposits of copper within the liver suggest a relationship between the
occupational exposure and liver disease. This is explored further in following summaries.

Reference:  Villar, T.G. (1974)
Guideline: No
GCP: No

Description of 15 consecutive patients admitted to Lisbon University Hospital, and review of earlier
papers (cited above). Patients were 35 to 76 years of age, average 54 years. Patients had all been
exposed to Bordeaux Mixture. The periods of exposure were not stated for all subjects, but some
had been exposed for over 20 years. Most had used ‘manual pulverizers carried on their backs’,
although one subject had used a rush broom. Seven of the patients smoked, one had been exposed to
pigeon droppings and another to wood dust. Lung x-rays, biopsies, autopsies (where deceased) and
histopathology were performed.
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The initial diagnosis was Vineyards Sprayer’s Lung (VSL) in three cases, pigeon fancier’s lung in
one case, tuberculosis in five cases, and pulmonary granulomatosis in two cases. In all cases, VSL
was subsequently noted. The paper noted that in some cases, the condition remained clinically
“silent” until a bronchiopulmonary bacterial or viral infection , or exposure to some other dust
triggered further progression of the disease. It is interesting that the authors made an association
between lung cancer and VSL, both in the Abstract (describing it as ‘remarkable’) and in several
places in the paper, ignoring the relationship between lung cancer and cigarette smoking. The paper
contained no information as to which of the patients had smoked, only that seven of the fifteen had
smoked.

Fifteen patients suffering from VSL were in some cases initially misdiagnosed, but all followed
chronic exposure to Bordeaux Mixture. The authors noted that three patients also showed lung
cancer, and that seven patients had smoked cigarettes, although the paper gave no information as to
the smoking habits of the patients with lung cancer, preferring 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 of (presumably Portuguese) rural workers. Vineyard
Sprayer’s Lung (VSL) was identified in 832 cases (retrospectively), corresponding to 4% of all
autopsies and 20% of those with respiratory symptoms.

The paper also cites 33 patients admitted to Lisbon University Hospital. There is no information in
the paper to determine if some of these patients had been described previously in an earlier paper
(5.9.2/04). It is worthy of note that the description of the single female in this study matches closely
the single female in the previous study, and it is reasonable to assume that the fifteen cases in the
earlier paper have been included in this paper. Where possible, lung function tests were performed,
as were biopsies, autopsies, and histopathology.

The age range of the patients was 35 to 76 years, average 53 years. Twenty-four percent were stated
to be medium to heavy smokers (8 of the 33 cases), although number of non-smokers was not
stated. The single female in the study was stated to have sprayed vines from the ages of 10 to 14,
and to have suffered pneumonia at the age of 50, during which she developed diffuse progressive
fibrosis. She then presented with lung disease and was diagnosed with VVSL. There were seven cases
of lung cancer. The paper is seriously compromised in that there are no data to correlate smoking,
which is known to be associated with lung cancer, and exposure to Bordeaux Mixture and VSL.

The author repeats an earlier conclusion that VSL is associated with high incidence of lung cancer,
but ignores any possible association with cigarette smoking.

Reference:  Plamenac, P. Santic, Z., Nikulin, A. and Serdarevic, H. (1985)
Guideline:  No
GCP: No

Study of workers in the former Yugoslavia (Listica, Herzegovina) using “home-made” Bordeaux

Mixture prepared by neutralising copper sulphate solution with lime. Unlike previous studies in
Portugal, the study also recorded the smoking habits of the workers examined. The author
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performed some particularly stomach-churning sputum analyses in workers professionally exposed
to regular inhalation of Bordeaux Mixture, who at the time of investigation showed no sign of
pulmonary or any other disease. Sputum specimens were obtained from 52 exposed rural workers
and 51 unexposed rural workers, from the same region who did not work in vineyards and did not
come into contact with copper. These acted as controls. Sputum samples were obtained by morning
cough on three consecutive days. Only expectorated material containing pulmonary macrophages
was accepted as sputum. Sputa samples were fixed in 75% alcohol, embedded in paraffin and
sections stained with H & E. These were then tested for iron (Turnbull stain)and for copper with
rubeanic acid and benzidine.

Smokers produced sputa containing abnormal columnar cells in all cases. Macrophages containing
copper granules in the cytoplasm were found in 64% of workers engaged in vineyard spraying,
compared to none in the control group. Sputum specimens were evaluated for eosinophils,
respiratory spirals, respiratory cell atypia and squamous metaplasia. Abnormal findings were more
frequent in smokers than non-smokers. Atypical squamous metaplasia was observed in 29% of
smokers who were vineyard workers, but only in 5% of cases in the non-smoking vineyard
sprayers. There was enhanced expectoration of sputum in a high percentage of vineyard sprayers
and in smoking controls, indicating that exposure to copper and cigarette smoke affects the
respiratory epithelium.

Exposure to (home-made) Bordeaux Mixture in vineyard spraying 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 liver of patients with Vineyard Sprayer’s Lung, and
notes that similar liver lesions have been recorded in the livers of workers exposed to other
pathogenic dusts (cement, cork, fur, mica and wood).

The foreign material could be identified within the lesions, using appropriate histological and
histochemical techniques. It would appear that inhaled particulates can be transported to the liver,
and can cause liver changes.

The authors conclude that the identification of foreign materials stored by the liver can be an
important diagnostic tool in inhalatory disease.

4.9.3 Other relevant information

Reference:  Stoner, G.D., Shimkin, M.B., Troxell, M.C., Thompson, T.L. and Terry, L.S. (1975)
Guideline:  No
GLP: No

Cupric acetate (one of several metallic compounds investigated) in 0.85% sodium chloride solution
was administered by intra-peritoneal injection to groups of 10 male and female Strain A/Strong
mice at dose levels of 36, 90 and 180 mg/kg body weight. The injections were given three times a
week for eight weeks (24 injections). Similar groups of mice were given 0.85% sodium chloride
solution (24 injections), a single injection of urethan (positive control at 20 mg/animal) or remained
untreated. The mice were weighed every 2 weeks during the injection period and at monthly
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intervals thereafter. They were Kkilled 30 weeks after the first injection and their lungs removed and
fixed in Tellyesniczky’s fluid. After 1 to 2 days milky-white nodules on the lungs were counted; a
few nodules were examined histopathologically to confirm the adenoma. Other selected organs
(liver, intestines, thymus, kidney, spleen, salivary and endocrine glands) were examined
histopathologically. Statistical analyses were performed.

Mean numbers of lung tumours in the vehicle and untreated control mice were similar indicating
that occurrence was not significantly affected by the injections (table below). In the positive control
the results demonstrated that the strain A was suitable for the induction of lung tumours. In mice
treated with cupric acetate there was no statistically significant response to the numbers of tumours
produced although the high dose produced a mean of 2.0. This result was based on only five
surviving animals.

Table 49: Measurement of lung tumours
Dose level Number of Animals with Mean number lung
Treatment : lung tumours .
(mg/kg) survivors (%) tumours/animal

0.85% NaCl 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 increased in a dose-dependent manner but was not
stastically significant. There was no evidence for any other tumors in the limited number of organs
investigated. However, this study presented some deficiencies to assess carcinogenicity properties
as the term of exposure, the inadequate numbers of animals, inappropriate exposure route and
limited histopathological investigation.

4.9.4  Summary and discussion of carcinogenicity

Copper has been administered orally to rats in long term studies up to two years in duration. None
of the studies presented below meets exactly the requirements of the International Guidelines, but
they do show conclusively that copper has no carcinogenic activity.

Three types of studies have been performed:

- investigative toxicity studies demonstrating the long-term effects of very high dose levels
(Haywood S., 1980 and 1985; Haywood S. and al., 1985),

- co-administration with known carcinogens to demonstrate that copper is effective at
reducing the incidence and delaying the onset of tumours (Howell, J.S., 1958; Burki, H.R.
and al. 1969; Carlton W.W. and al. 1973) and

- atwo-year dietary administration study (Harrisson J.W.E., 1954).

The investigative toxicity studies, which were up to 52 weeks in duration, showed that dietary dose

levels equivalent to 250 mg Cu/kg bw/day were associated with initial (week 6) liver damage
including hypertrophied hyperchromatic parenchymal cells, necrosis and marked inflammatory
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reaction, and kidney damage to the proximal convoluted tubule. Both liver and kidney showed
complete recovery between 9 and 15 weeks of continued copper administration, through to
scheduled termination at 52 weeks. Subsequently, these animals were able to tolerate even higher
doses of copper, up to 300 mg/kg bw/day, even though this dose was lethal to naive rats. There
were no indications of pre-cancerous changes, and no tumours, up to 52 weeks administration
(scheduled termination). The studies investigated high doses only; there was no attempt to derive
no-effect levels.

The co-administration study was designed to show effects of copper when administered with a
known liver carcinogen to two strains of rats for up to 19 months, and is one of several in the
literature. The study showed that co-administration of copper significantly reduced the incidence
and onset of liver tumours, which occurred at very high incidence in groups receiving the
carcinogen without additional copper, and at control incidence in some groups receiving the
carcinogen and additional copper. Thus copper has apparently a beneficial effect on liver cancer
induction by a known carcinogen. It can also be concluded that copper has no activity as a
cocarcinogen, or promoter (if copper had been a promoter, the liver tumours would have arisen
earlier in the rats exposed to the carcinogen plus copper).

The two-year dietary study compared the administration of copper as sulphate or as gluconate with
copper as potassium sodium copper chlorophyllin. The study showed that there was no increase in
incidence of any tumour type after two years dietary administration of potassium sodium copper
chlorophyllin at 3% dietary inclusion (approximately 80 mg Cu/kg bw/day).

But these studies suffered of real insufficiencies.

Copper is an essential nutrient, naturally present in almost all foodstuffs. Humans are exposed to
copper in the diet from weaning as an essential micronutrient. Most western diets contain between 1
and 2 mg Cu/person/day. As such the population is exposed to copper in the diet every day. The
various natural mechanisms for regulating copper in humans were described previously.

There are genetic abnormalities which lead to accumulation of copper in the liver, kidney and in the
brain (Wilson’s disease), and in the intestinal epithelium, kidney and fibroblasts (Menkes’ disease).
Both diseases can be fatal if not treated, but there is no evidence for increased incidence of cancer
in victims of either Wilson’s or Menkes’ disease, despite the chronic high tissue copper levels.

The condition known as Vineyard Sprayer’s Lung (VSL) has been reported in several papers,
mostly from Portugal, but also from the former Yugoslavia. The condition is characterised by lung
lesions with a focal distribution corresponding to three distinct patterns; a varying number of alveoli
filled with desquamated macrophages, granulomas in the alveoli septa and fibro-hyaline nodules
which appear to be the scars of the granulomas. Hepatic changes included proliferation and diffuse
swelling of Kupffer’s cells and the formation of well defined histiocytic or sarcoid-type granulomas
all with inclusions of copper. These lesions were always found near the portal tracts. The
identification of copper within the lesions characterised the nature of these granulomas. Copper
deposits were never found in hepatocytes. The papers describe the preparation on-site of Bordeaux
Mixture, as a copper sulphate solution neutralised with hydrated lime, and primitive application
techniques at higher rates than those used in modern agriculture, where Bordeaux Mixture is
formulated under controlled conditions in dedicated factories, and applied using modern machinery
by workers wearing appropriate protective equipment. Most of the published findings date from the
1970s and 1980s. Some of the papers were compromised because the authors did not adequately
describe the smoking habits of the subjects, only noting that certain subjects were heavy smokers.
The Yugoslav paper surveyed smoking and non-smoking rural workers, including those which did
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and those which did not use home-made Bordeaux mixture, and found that there were indications of
adverse effects in users of Bordeaux Mixture that were exacerbated by smoking.

Bordeaux Mixture is a highly complex mineral mixture. If the reaction of the lime and copper
sulphate is not strictly controlled, the resulting mixture may not be sufficiently neutralised, and may
contain significant amounts of plaster and gypsum, in a form that if inhaled, may result in lung
disease. One paper also notes that similar liver lesions to those in VSL have been recorded in
workers exposed to other pathogenic dusts (cement, cork, fur, mica and wood), where the inhaled
dust has been transported, presumably by macrophages, to the liver.

In theses epidemiological data analysis different confusing situation were identified (smoking,
wood dust, arsenic, etc...). On the other hand, the IPCS publication (IPCS, 1998) on
epidemiological studies excluded a link between Lung cancer and copper compound inhalation
exposure.

Based on the limited information available in epidemiological studies, the link between Vineyard
Sprayers Lung and lung cancer cannot be established.

The weight of evidence in humans and rats is that copper is not carcinogenic.

4,95 Comparison with criteria

1) Criteria in the CLP classification :

A substance shall be classified in category 2 for carcinogenic endpoint if the substance is suspected
as human carcinogen. The placing of a substance in this category is done on the basis of evidence
obtained from human and/or animal studies, but which is not sufficiently convincing to place the
substance in category 1, based on strength of evidence together with additional consideration.

2) Comparison with criteria:

For copper compounds, no increase incidences of tumors were observed in the different animal
studies by oral route. Moreover, there are two genetic conditions in human (Wilson’s disease and
Menkes’ disease) that result in major alterations in copper absorption, distribution and excretion.
Wilson’s disease (where copper is absorbed in the intestine but cannot be pumped out of the liver to
bile) leads to accumulation of copper in the principal target organ, the liver, and also in the kidney,
brain and the cornea. People with Menkes’ disease (where copper is absorbed by intestinal cells but
cannot be pumped out of these cells to the hepatic portal system) can only absorb minimal amounts
of copper, and show chronic accumulation of copper in the intestinal epithelium and high levels in
kidney and in fibroblasts. Human subjects with these conditions may die of the condition itself (if
untreated), but they do not show any increased incidence of cancer. If abnormally high levels of
copper are present over long periods in an organ or tissue, yet there is no association between the
high copper levels and cancer in these organs or tissues, in chronic disease, then it is reasonable to
conclude that copper is not carcinogenic in these tissues.
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49.6 Conclusions on classification and labelling

In this context, the available data do not support a classification for the carcinogenic endpoint.
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4.10 Toxicity for reproduction

Table 50: Summary table of relevant reproductive toxicity studies
Method | Results Remarks Reference
Fertility
2-generation study Parental toxicity OECD 416 Mylchreest
Sprague-Dawley rats No treatment related effect on mortality, clinical signs, 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 N
equivalent to in actual doses (P1-F1): Fertility effects . _ L
0 1.53-2.65. 7.7-13.3. 15.2-26.7. and No adverse effects on fertility, general reproductive performance 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 weanlings. 1 Brain copper

concentration in F1 females and F1 and F2 male weanlings. | plasma iron concentration in

F2 male and female weanlings. 1 liver copper concentration in F1 female.

1000ppm: 1 liver copper concentration of F1 males and F1 and F2 male and female

weanlings.

The majority of effects are reported in weanlings and in dams at the end of lactation - the

food intake and compound consumption data show that both of these “populations” were

consuming significantly higher amounts of diet than towards the end of the pre-mating

maturation periods, and that the spleen effects are not seen in males at termination, when

compound consumption is much lower. From this it may be concluded that the spleen

effects may be transient even at high doses, and that when the dietary intake i.e. dose level

is reduced, the spleen effect diminishes.
Fertility (cross mating) No differences between treated and control groups in any of the parameters studied No GLP De la
Wistar rats (pregnancy rate, implantation, resorption, live foetuses, gross fetal anomalies, duration of Iglesia F.
20 females/arouns gestation, litter size, number of live young, gross anomalies, litter and mean pup weight W. et al

group throught the weaning. (1973)

Gavage
Copper gluconate
0, 3 or 30 mg/kg/day
Fertility/ No adverse effects on mating performance and 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 not
0, 500, 1000, 1500, 2000, 3000 o measure maternal bw
4000 ppm gains or maternal liver
. 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) at 18 mg/kg/day. Animal found dead | GLP (2003a to
22 females/group showed diarrhoea, red staining, weakness and irregular respiration. Purity: 61.14% wiw d)
Gavage Marked initial weight loss at and above 9 mg/kg bw/d. Mean weight gain was 31% and
0 h . . L
Copper hydroxide the/ijrsgtzq :2:1 t?i cr)rgjg/kg bwi/d, respectively. Marked inappetance during the initial part of
0, 6, 9 or 18 mg/kg/day P '
Developmental effects
| mean foetal bw at 18 mg/kg bw/d (9% lower than control). 3 treated foetus and 1 control
animal have malformations. These malformations were considered spontaneous and
unrelated to treatment.? Incidence of foetal skeletal findings at 9 and 18 mg/kg/day.
Teratology No maternal or developmental effects No GLP De la
Rat Deviations: Partial Iglesia F.
Gavage summary. Treatment \(/YQ%a)I
i - a
Copper gluconate duration too short (gay5
0, 0.1, 3 or 30 mg/kg/day 15 of pregnancy). Size of
T the groups not given.
Teratology No maternal effects. Litter parameters were not adversely affected by treatment. No GLP De la
Swiss Mice Deviations: The Iglesia F.
Gavage treatment duration is too | W- etal
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 examination
for visceral and skeletal
defects. Size of the
groups not given
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Teratology There was no significant increase in the incidence of congenital malformations or growth No guideline Barlow,
Cu?* as copper wire (Intra uterine retardation in foetuses from uterine horns containing copper coils, when compared with No GLP S.M,,
device) those from unoperated horns, sham-operated horns, or horns containing stainless-steel Purity = 99.9% Knight,
. coils. y. = AF.and
Rat Wistar But there were significant increases in fetal brain, fetal liver, placenta and uterine copper Investigation of the