















































Rentokil Initial ple Carbon Dioxide March 2004
Section A3 Physical and Chemical Properties of Active Substance
Subsection Method Purity / Results Remarks/ GLP | Reliability Reference Official
(Annex Point) Specification Justification (Y/N) use only
3.4 Absorption spectra - l I

(I1A, I11, 3.4)

UV/VIS
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Rentokil Initial ple Carbon Dioxide March 2004
Section A3 Physical and Chemical Properties of Active Substance
Subsection Method Purity / Results Remarks/ GLP | Reliability Reference Official
(Annex Point) Specification justification (Y/N) use only
34 Absorptionspectra | HNNEEN | TN | DN U I

(1A, 11, 3.4)
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Subsection Method Purity/ Results Remarks/ GLP | Reliability Reference Official
{Annex Point) Specification justification (Y/N) Use only
54 Absorption | TN | NN | I | | 1

Spectra

(IIA, ITT, 3.4)

MS
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Effects of pH on water
solubility

The document entitled “Solubility of Carbon Dioxide in water” shows that the dissolution of carbon dioxide in water results in the formation of carbonic
acid, which dissociates to produce bicarbonate and carbonate ions, and hydrogen ions. All the dissolution and dissociation reactions are at equilibrium, so

if there is any change to one of the ionic species in the equilibria, the equilibrium positions change to negate the effect of the change on that species (Le
Chatelier’s principle).

The effect of changing the pH of the water would be:

1) Lowering the pH

This would increase the number of hvdrogen ions in the solution, so the equilibrium position would change so that the number of dissociated hydrogen
ions was reduced by them recombining with the carbonate and bicarbonte ions, forming more carbonic acid. The increase in carbonic acid

concentration would result in the equilibrium position for the formation of this species to change to produce more carbon dioxide and water. Hence the
solubility of carbon dioxide at lower pH would be expected to be lower than at pH 7.

2) Increasing the pH

This would decrease the number of hydrogen ions in the solution, so the equilibrium position would change so that the number of dissociated hydrogen
ions was increased by dissociating more carbonic acid molecules to form bicarbonate and carbonate ions. The lowering of the concentration of
carbonic acid would then result in the equilibrium position for the formation of carbonic acid from carbon dioxide and water to change to produce more

carbonic acid. This would cause more carbon dioxide to be dissolved in the water. Hence the solubility of carbon dioxide at higher pH would be
expected to be greater than at pH 7.

Footnotes
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Rentokil Initial ple Carbon Dioxide March 2004
Section A3 Physical and Chemical Properties of Active Substance
Subsection Method Purity/ Results Remarks/ GLP | Reliability Reference Official
{Annex Point) Specification Give also data on test pressure, Justification (Y/N) Use only
temperature, pH and concentration
range if necessary
3.7 Solubility in Refer to Results presented in terms of N 2
organic table on the Ostwald coefficient L =
solvents, page two V,/ V; where: V; is the
including the (below), volume of gas absorbed by
effect of for details the volume V; of solvent (all
temperature on | of method. measured at the same
solubility temperature).

(IIIA, I11, 1)

1 of 3 results.

24.56°C L =1.84
24.62°C L=1.86
25.02°C L=1.89
25.07°C L=1.387

These results show that
carbon dioxide is soluble in
isobutanol, and the solubility
stays approximately constant
between 24.5°C to 25.1°C.

Note that it is not possible to
express the solubility of
carbon dioxide in isobutanol
in cm’ /L. This is because
the amount of gas dissolved
was not measured, all that
was measured was the
expansion of the solvent
once it was saturated with
gas.
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Rentokil Initial ple

Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance

Subsection
(Annex Point)

Method

Official
Use only

3.7 Solubility in organic
solvents, including
the effect of
temperature on
solubility
(IIIA, II1, 1)

1 of 3 results.

1. Solubility of carbon dioxide in isobutanol.

The basis of the method is attainment of equilibrium between the gas and the solvent by allowing the solvent to drip and flow
through a known volume of gas. The apparatus was housed in an air thermostat, in order achieve uniform temperature. Temperature
control was effected using a Hallikainen Thermodyne proportional controller, and the temperature was measured to +/- 0.003°C with
a platinum resistance thermometer calibrated at the triple point of water and at the benzoic acid point. The procedure consisted of
two parts:

1) Degassing.

The principle of degassing involves the use of an all-gas circulating pump to continually spray the solvent into an evacuated
chamber. Provisions for heating, stirring and monitoring of the pressure are incorporated. After degassing, the solvent is transferred
without any contact with the atmosphere into a storage spiral inside the air thermostat.

2) Solubility determination.

The degassed solvent allowed to stand in the storage spiral for a minimum period of Zh (in practice, usually overnight) to reach the
temperature of the thermostat. The apparatus is then filled with the gas under study to a pressure of just less than 1 atm. The solvent
is allowed to drip into the absorption spiral until the 10 ml burets are filled to around one third of their capacity. The solvent flow is
stopped and the drainage timed. From 30-60 minutes after the end of the first solvent flow, levels of the solvent in the 10 ml burets
and the mercury in the 50 ml buret are measured with a cathometer. The pressure is adjusted to atmospheric and fixed by closing the
tap in the external limb of the silicon oil manometer. Solvent is allowed to drip into the apparatus at a rate previously determined to
be in the range where complete saturation occurs. The levels in the silicon oil manometer and the 10 ml burets are kept as nearly
equal as possible during the process of solution so that the pressure remains close to the original atmospheric pressure. Excess
solvent is run from the apparatus through the stopcock at approximately the input rate. The solvent is collected in a tared flask .
After a sufficient volume of gas has been dissolved, the flow is stopped. The pressure throughout the apparatus is adjusted to the
nitial value and the levels in the 10 ml burets and the 50 m1 buret are measured. From these observations and the weight and density
of the solvent, the solubility of the gas can be measured.
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Rentokil Initial ple Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance

Subsection Method Purity/ Results Remarks/ GLP Reliability Reference Official

{Annex Point) Specification justification (Y/N) Use only
3.7 Solubility in organic | 1.. Solubility in N 2
solvents, including cyclohexanol 677 cm’
the effect of Cyclohexanol was CO,/itre
tem pe.er.ature on purified via the cyclohexanol
solubility process of
(LA, IIL, 1) distillation. Two (at 26°C
“Baudin” test tubes pressure 766

2 of 3 results. eraduated with mmHg).

1/20cm? were used.
One contained
cyclohexanol and
the other CO,. The
CO, was added to
the test tube
containing
cyclohexanol, and
agitated. The
volume of
remaining gas and
total volume is
measured, thereby
determining
solubility.

T:\Regulatory Affairs\00-PRODUCT DIRECTORYYW03 LEGISLATION'BPD\Carbon Dioxide Rodenticide\ Al dossier for ECHA data dissemination\word files\A3 7 b.doc
Page 1 of 1







Rentokil Initial ple

Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance

Subsection
{Annex Point)

Method

Official
Use only

3.7 Solubility in organic
solvents, including
the effect of
temperature on
solubility
(IIIA, II1, 1)

3 of 3 results.

1.. Solubility in yv-butyrolactone, e-caprolactone, propylene carbonate, ethylene carbonate, dimethylcarbonate, diethylcarbonate.

In order to determine the Henry’s law constant of carbon dioxide in each solvent, the solvent was previously saturated with carbon
dioxide at atmospheric pressure. Dissolved carbon dioxide was displaced by an argon flow and trapped in a vessel containing a
sodium hydroxide solution of known concentration. The solvent’s vapours are liquefied in a cooled methanol bath. When all the
carbon dioxide had been removed {rom the tested solution, the sodium hydroxide solution was titrated by a standard hydrochloric
acid solution. Each measurement was run in triplicate.
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Rentokil Initial ple

Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance

Subsection Results Official
{Annex Point) Use only
3.7 Solubility in organic Henry’s law constant (Atm) for carbon dioxide in each solvent at different temperatures
solvents, including T°C EC DMC PC DEC L BL
the effect of 2 Solid Solid 52.6 40.0 65.4 70.9
temperature on 10 Solid 53.4 - - — —
solubility 18 158.7% 60.9 81.8 532 86.9 972
(I1IA, IT1, 1) 40 202.0 --- --- --- --- ---
43 - 108.1 128.9 78.9 - 162.8
3 of 3 results. 60 271.5 -—- -—- -—- -—- -—-
Key
T°C Temperature in °C
EC Ethylene carbonate
DMC Dimethylcarbonate
PC Propylene carbonate
DEC Diethylcarbonate
Cl; : g-caprolactone
BL v-butyrolactone
X Figure extrapolated from measurements taken in PC/EC and DMC/EC mixtures, because ethylene carbonate 1s not
a liquid at room temperature.
Discussion

Not including above, two other pieces of data have been submitted in the dossier which consider the solubility of carbon dioxide in
organic solvents. However, these pieces of data do not consider the effect of temperature on solubility. The information given here
does not give the exact volume of carbon dioxide that is soluble in the solvent ner is it in conventional units of em*/L or % v/v.
However it is intended to demonstrate the effect of temperature on the solubility of carbon dioxide in organic solvents.

Henry’s Law states that the concentration of a solute gas in a solution is directly proportional to the partial pressure of that gas above
the solution. The value of the Henry’s law constant 1s found to be temperature dependant. The value generally increases with
Increasing temperature. As a consequence, the solubility of gases generally decreases with increasing temperature. The values given
above, although not in conventional units of cm®/L, or % v/v show that carbon dioxide solubility in ethylene carbonate,
dimethylcarbonate, diethylcarbonate, g-caprolactone and y-butyrolactone decreases with increasing temperature (as demonstrated by
the fact that the value for Henry’s Law constant increases as the temperature rises).
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Rentokil Initial ple Carbon Dioxide March 2004
Section A3 Physical and Chemical Properties of Active Substance
Subsection Method Purity/ Results Remarks/ GLP | Reliability Reference Official
{Annex Point) Specification | Givealso data on test Justification (Y/N) Use only
pressure, temperature,
pH and concentration
range if necessary
3.9 Partition coefficient Not given. Not given. Partition N 3
n-octanol/water Coefficient K for
(I1A, I11, 3.6) - Refer to *See footnote | carbon dioxide at
remarks/ for remarks/ | about 25°C:
(1 of 2 values) justification. Justification

Iscbutanol and
water: 2.26

Olive o1l and water:

1.74
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Rentokil Initial ple Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance

Subsection Method Purity/ Results Remarks/ GLP | Reliability Reference Official
{Annex Point) Specification Justification (Y/N) Use only
3.9 Partition coefficient | N/A - N/A — Log pow: 0.83 N 3
n-octanol/water calculated calculated
(I1A, I11, 3.6) partition partition
coefficient. coefficient.

(2 of 2 values)
*See footnote
for remarks/
justification

Nb. Refer to pages 2
and 3 for information
on the effect of
temperature and pH
on partition
coefficient.
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Rentokil Initial ple

Carbon Dioxide March 2004

Section A3 Physical and Chemical Properties of Active Substance
Subsection Effect of temperature and pH on partition coefTicient Official
{Annex Point) Use only
3.9 Partition coefficient

n-octanol/water
(I1A, I11, 3.6)

It 1s acknowledged that
the partition coefficient of carbon dioxide will be effected by pH and temperature. Indeed, the data given in Document IITA section
3.5 water solubility and Document ITTA section 3.7 solubility in organic solvents shows that the solubility of carbon dioxide in water
1s effected by pH and temperature, and solubility in organic solvents is effected by temperature. Predicting the effect of changes in
temperature and pH will have on the partition coefficient of carbon dioxide is very complex and needs to take into account
thermodynamics, reaction equilibria and kinetics. Because the solubility values of carbon dioxide are so low, any errors in the
theoretical assumption could radically change the outcome.

A study to experimentally determine the effect of pH and temperature on the partition coefficient of carbon dioxide 1s not considered
necessary for the following reasons.

1. Ttis not scientifically necessary on the basis of low exposure to carbon dioxide during its normal use as a biocide. Under normal
conditions of use, the use of carbon dioxide in Rentokil Initial’s rodenticide (PT14) products will not cause any elevation in the
level of carbon dioxide in air, outside normal atmospheric ranges®. Partition coefficient values are a key parameter in
determining the environmental fate of chemicals, because it has been found to be related to water solubility, soil/sediment
adsorption coefficients and bioconcentration factors for aquatic life *. As the environmental risk assessment for carbon dioxide
shows that carbon dioxide concentrations do not increase outside normal atmospheric ranges when carbon dioxide is used as a
rodenticide, consideration of the effect of pH and temperature on partition coefficient is not necessary.

*Refer to next page for full details of the scientific calculation, which supports this statement.

2. In addition to the above, the potential for environmental exposure to carbon dioxide when it is manufactured for use as a
rodenticide is minimal.

3. The partition coefficient values available for carbon dioxide (and cited in the dossier), despite not considering the effect of pH
and temperature, suggests that carbon dioxide has a very low bioconcentration potential (Log Pow values are less than 3.0). %
Data available on the effect of temperature on partition coefficient values suggests in general terms that the effect of temperature
on kow values are not dramatic (usually the order of 0.001 to 0.01 log kow units per degree in temperature — may be positive or
negative) . If the same can be assumed to be true about the effect of pIl, then no useful additional information will be gained
from determining the effect of temperature and pH on the partition coefficient of carbon dioxide — the conclusion about it having
a low bioaccumulation potential will be unchanged.

For references see next page.
For references see next page.
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Rentokil Initial plc Carbon Dioxide March 2004

Section A4 (4.1-4.3) Analytical Methods for Detection and Identification
Annex Point 11A4.1/4.2 & Specify where appropriate, e.g. isomer of a.s., metabolite of a.s.,
TIA-TV.1 impurity of a.s., matrix

Acceptability Acceptable / not acceptable

(give reasons if necessary, e.g. if a study is considered accepiable despite a poor
reliability indicator). Discuss the relevance of deficiencies.

Remarks
COMMENTS FROM

Date Give date of the comments submitted

Results and discussion Discuss additional rvelevant discrepancies referring to the (subjheading numbers and
to applicant’s summary and conclusion.
Discuss if deviating from view of rapporteur member state

Conclusion Discuss if deviating from view of rapporteur member state

Reliability Discuss if deviating from view of rapporteur member state

Acceptability Discuss if deviating from view of rapporteur member state

Remarks
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Rentokil Initial plc Carbon Dioxide March 2004
Section A4 (4.3) Analytical Methods for Detection and Identification

Annex Point IITA, TV.1 Analytical methods relating to residues in /on food or feedstuffs

Date Give date of action

Materials and methods

State if the applicant’s version is acceplable or indicate relevant discrepancies
referring to the (sub)heading numbers and to the applicant’s summary and
conclusion.

Conclusion Adopt applicant’s version or include revised version
Reliability Based on the assessment of the method include appropriate reliability indicator
Acceptability Acceptable / not acceptable
(give reasons if necessary, e.g. if a study is considered acceptable despite a poor
reliability indicator). Discuss the velevance of deficiencies.
Remarks
COMMENTS FROM
Date Give date of the comments submitted

Results and discussion

Discuss additional relevant discrepancies referring to the (sub)heading numbers and
to applicant’s summary and conclusion.
Discuss if deviating from view of rapporteur member state

Conclusion Discuss if deviating from view of rapporteur member state
Reliability Discuss if deviating from view of rapporteur member state
Acceptability Discuss if deviating from view of rapporteur member state
Remarks
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Rentokil Initial ple

Carbon Dioxide

March 2004

Section 5.3: Summary Table of experimental data on the effectiveness of the active substance against target organisms at different fields of use envisaged, where applicable.

Function Field of use | Test Test Test method Test conditions Test results: effects, mode of action, | Reference *)
envisaged substance organism(s) resistance
Rodenticide Product type | Carbon dioxide | Wild-derived | Three cans containing | The unit was placed inside a 1 m The concentrations of carbon _
14 strain of house | a nominal 2.8g of perspex arena, and a mouse was dioxide reached within the first
(specification mice (mus carbon dioxide were placed in the arena such that they minute of exposure (maximum 65-
identical tothat | domesticus). tested in an enclosed entered the umt, activating the 67% carbon dioxide) were more
givenin section | Weight: 14.5g | system (referred to as | mechanism by stepping on a pressure | than sufficient to ensure that the
2 of application) | to 17.8g ‘the unit”). The unit pad inside. Three mice from a wild- trapped mice would be killed
was cornected to a derived colony (body weight 14.5- reliably and hurnanely. F
carbon dioxide gas 17.8g) were used. Time to

analyser by two immobility (unconsciousness), last The results to the test support
airtight connections. breath {death) and any other literature data which indicates that
A pump/recycle symptoms observed were noted for mice are initially knocked out by

system ensured that
the presence of the
analyser did not
influence the carbon
dioxide concentration
inside the unit.

each mouse. After five minutes, the
mice were removed from the unit.
Tail and toe pinches were conducted
to corroborate the death of the animal,
which was observed for 30 minutes to
confirm there were no signs of

the narcotic effect of carbon dioxide
when the concentration reaches
30%, and eventually killed when
the concentration reaches 70%.

Results do not give an indication

Carbon dioxide recovery. The concentration of about development of resistance.
measurements were carbon dioxide in the unit was

measured throughout | monitored for the 5 mimutes the mice

the trial. were inside.

EXPLANATION OF THE DOSE OF 2.8g CARBON DIOXIDE IN THE REPRESENTATIVE PRODUCT, RADAR

The RADAR unit is a mousetrap that is designed to be placed along wall floor junctions where mice are likely to run.  The unit has entrances at each end through which mice can
enter. Once inside, the mouse activates a pressure pad which causes the doors to shut, trapping the mouse inside, creating a sealed chamber. In the same action that closes the doors,
a second mechanism causes CO, to be totally released from an aerosol canister, which humanely kills the mouse inside the trap. The UK Home Office currently recommends the use
of carbon dioxide 1n a rising concentration as a humane method of killing rodents up to 1.5 kg. Mice are itially knocked out by the narcotic effects of carbon dioxide when the
concentration reaches 30% and eventually killed when the concentration reaches 70% . The dimensions of the RADAR unit are clearly defined to ensure that the unit’s length is
adequate to guarantee that once the unit 1s triggered, the mouse —including tail -is completely nside the unit so that the animal can be dispatched quickly and humanely. The volume
of carbon dioxide required to reach the 70% threshold limit specified by the UK Home Office was calculated. Different weights of amimals were tested in the unit to ensure that all
amimals are killed quickly and humanely. Test data shows that when aerosols containing 2.35g, 2.36g and 2.38g carbon dioxide were used in the RADAR unit, carbon dioxide
concentrations reached 65-67% when the unit was tripped. This concentration was sufficient to kill mice weighing 14.5g — 17.8g within one minute of the RADAR unit being

tripped.! However, it is not acceptable to allow any possibility for failure to kill trapped mice (trapping a mouse without killing it would be clearly unacceptable). Therefore, in order
to ensure an adequate safety margin for manufacturing tolerances and different weights of mice, aerosols are supplied for use in the RADAR unit containing 2.8g carbon dioxide. Any
environmental or non-target risks posed by the extra carbon dioxide are far outweighed by the increase in reliable efficacy.

—
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