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1 STATEMENT OF SUBJECT MATTER AND PURPOSE
11 Pr ocedure followed

This assessment report has been established as a result of the evaluation of carbon dioxide as
product-type 18 (insecticide), carried out in the context of the work programme for the review of
existing active substances provided for in Article 16(2) of Directive 98/8/EC concerning the
placing of biocidal products on the market', with a view to the possible inclusion of this
substance into Annex | and IA to the Directive.

Carbon dioxide (CAS no. 124-38-9) was notified as an existing active substance, by Rentokil
Initial plc, hereafter referred to as the applicant, in product-type 18.

Commission Regulation (EC) No 1451/2007 of 4 December 20072 lays down the detailed rules
for the evaluation of dossiers and for the decision-making process in order to include or not an
existing active substance into Annex | or 1A to the Directive.

In accordance with the provisions of Article 7(1) of that Regulation, the Commission designated
France as Rapporteur Member State to carry out the assessment of carbon dioxide on the basis of
the dossier submitted by the applicant. The deadline for submission of a complete dossier for
carbon dioxide as an active substance in product-type 18 was 30 April 2006, in accordance with
Article 9(2) of Regulation (EC) No 1451/2007.

On 25 April 2006, the French competent authority received a dossier from the applicant. The
Rapporteur Member State accepted the dossier as complete for the purpose of the evaluation,
taking into account the supported uses, and confirmed the acceptance of the dossier on 25 July
2006.

On 19 February 2008, the Rapporteur Member State submitted, in accordance with the provisions
of Article 14(4) and (6) of Regulation (EC) No 1451/2007, to the Commission and the applicant a
copy of the evaluation report, hereafter referred to as the competent authority report. The
Commission made the report available to all Member States by electronic means on 17 March
2008. The competent authority report included a recommendation for the inclusion of carbon
dioxide in Annex | to the Directive for product-type 18.

In accordance with Article 16 of Regulation (EC) No 1451/2007, the Commission made the
competent authority report publicly available by electronic means on 24 March 2008. This report
did not include such information that was to be treated as confidential in accordance with Article
19 of Directive 98/8/EC.

In order to review the competent authority report and the comments received on it, consultations
of technical experts from all Member States (peer review) were organised by the Commission.

1 Directive 98/8/EC of the European Parliament and of the Council of 16 February 1998 concerning the placing
biocidal products on the market, OJ L 123, 24.4.98, p.1

2 Commission Regulation (EC) No 1451/2007 of 4 December 2007 on the second phase of the 10-year work
programme referred to in Article 16(2) of Directive 98/8/EC of the European Parliament and of the Council
concerning the placing of biocidal products on the market. OJ L 325, 11.12.2007, p. 3



Revisions agreed upon were presented at technical and competent authority meetings and the
competent authority report was amended accordingly.

On the basis of the final competent authority report, the Commission proposed the inclusion of
carbon dioxide in the Annex | of Directive 98/8/EC and consulted the Standing Committee on
Biocidal Products on 27th May 2010.

In accordance with Article 15(4) of Regulation (EC) No 1451/2007, the present assessment report
contains the conclusions of the Standing Committee on Biocidal Products, as finalised during its
meeting held on 27th May 2010.

1.2  Purpose of the assessment report

This assessment report has been developed and finalised in support of the decision to include
carbon dioxide in the Annex | of Directive 98/8/EC for product-type 18. The aim of the
assessment report is to facilitate the authorisation in Member States of individua biocidal
products in product-type 18 that contain carbon dioxide. In their evaluation, Member States shall
apply the provisions of Directive 98/8/EC, in particular the provisions of Article 5 as well as the
common principles laid down in Annex V1.

For the implementation of the common principles of Annex VI, the content and conclusions of
this assessment report, which is available at the Commission website®, shall be taken into
account.

However, where conclusions of this assessment report are based on data protected under the
provisions of Directive 98/8/EC, such conclusions may not be used to the benefit of another
applicant, unless access to these data has been granted.

1.3 Over all conclusion in the context of Directive 98/8/EC

The overall conclusion from the evauation is that it may be expected that there are products
containing carbon dioxide for the product-type 18, which will fulfil the requirements laid down in
Article 5 of Directive 98/8/EC. This conclusion is however subject to:

i. compliance with the particular requirements in the following sections of this assessment

report,
ii. theimplementation of the provisions of Article 5(1) of Directive 98/8/EC, and

iii. the common principleslaid down in Annex VI to Directive 98/8/EC.

Furthermore, these conclusions were reached within the framework of the uses that were
proposed and supported by the applicant (see Appendix I1). Extenson of the use pattern beyond
those described will require an evaluation at product authorisation level in order to establish
whether the proposed extensions of use will satisfy the requirements of Article 5(1) and of the
common principles laid down in Annex V1 to Directive 98/8/EC.

3 http://ec.europa.eu/comm/environment/biocides/index.htm




2 OVERALL SUMMARY AND CONCLUSIONS
21  General substanceinformation / general product information

Carbon dioxide has been evaluated for its use as insecticide (product type 18). In thisuse asa
fumigant insecticide, pure carbon dioxide is applied from a gas cylinder into a fumigation
bubble to alevel of at least 60% v/v. As afumigant insecticide, carbon dioxide is intended for
use by professional operators.

2.2  ldentity of the active substance

The active substance is defined as carbon dioxide (CAS 124-38-9), with purity > 99% (v/v).

The infra-red method for analysing the active substance, as manufactured, has been validated
and shown to be sufficiently specific, accurate and precise. It can be used for analysis of
carbon dioxide at concentrations of 99-100% but the method was not validated at lower
concentrations.

It has not been considered necessary to submit analytical methods in environmental matrices
because the exposure assessment has shown that the use of carbon dioxide as insecticide
should not cause any increase of carbon dioxide concentrations outside natural range in water
(including groundwater), sediment or soil.

Analytical methods in animal and human body fluids and tissues were not considered as
mandatory in view of the toxicological properties of the substance, athough generic
information has been provided. Similarly, analytical methods in food and feedstuff were not
deemed necessary because of the nature of carbon dioxide.

Furthermore, the evaluation has established that there are no additives present in carbon
dioxide as notified by Rentokil Initial plc, nor any impurities above the concentration limit of

1 g/kg.
2.3  Physico-chemical properties

Carbon dioxide is a colourless and odourless gas under normal temperature and pressure
conditions with a molecular mass of 44.01 g/mol and arelative density of 1.527. It is soluble
in water (88 ml carbon dioxide in 100 ml water) and soluble in isobutanol and cyclohexanol.
Its partition coefficient (log Kow) between octanol and water was calculated as 0.83. In water,
dissolved carbon dioxide will form carbonic acid and subsequently bicarbonate and carbonate
ions. Both reactions are reversble and lead to equilibrium depending on the pH.
Thermodynamically, carbon dioxide is stable under normal pressure up to approximately
300°C. Over this temperature, it dissociates into carbon monoxide and oxygen. At normal
temperature, CO, is stable from 10° to 100 atm. Carbon dioxide is neither flammable nor
explosive and has no oxidising properties.

24  Clasdfication and labelling
24.1 Existing classification and labelling

Non hazardous according to the Directive 67/548/EC.



2.4.2 Proposal for labelling

No critical end pointsin terms of adverse health or environmental effects or physico-chemical
properties have been identified for carbon dioxide. These findings are consistent with its
classification for supply under directive 67/548/EEC replaced by regulation 1272/2008 CE, as
non-hazardous for health, the environment and physical-chemical effects. It is proposed that
this classification remains unchanged.

Classification None (non hazardous)
Class of danger None (non hazardous)
R phrases None (non hazardous)
S phrases None (non hazardous)

25  Efficacy and intended uses

Carbon dioxide is an insecticide for use by professional operators for the control of
Dictyoptera (cockroaches), Coleoptera (beetles), Lepidoptera (butterflies and moths),
Psocoptera (booklice), Acari (mites) and Hemiptera (bugs) in public hygiene and food storage
premises (other than uses falling within the scope of regulation EC n°1107/2009 on the
placing on the market of plant protection products). In its application as a fumigant
insecticide, 20 studies have demonstrated a sufficient degree of efficacy across al life stages.
Within a fumigation bubble, carbon dioxide levels are maintained at a minimum
concentration of 60% v/v. Some efficacy studies demonstrate 100% mortality after only one
day, but to ensure that 100% mortality is achieved, a minimum of three days is stipulated for
the fumigation period, the extension of 4 to 6 weeks is applied in the same way. Mortality of
insects will be achieved between 3 days and 6 weeks, depending upon insect species present.

Subtle physiological effects due to elevated carbon dioxide levels are increased use of oxygen
(i.e. respiration), reduced fecundity and reduced life span of adults. Consequently, some states
of insects (i.e. diapausing larvae) were shown to be more tolerant to CO2 as they exhibited
lower respiration rates. Carbon dioxide seems to exert its anaesthetic effect directly on the
nervous system via the trachea and not via the blood. In experiments with locusts and **C-
labelled carbon dioxide, **C was detected in all insect body parts, but its relative persistence
was highest (up to 24 hr) in the central nervous system or its immediate vicinity. Pure carbon
dioxide has an inhibitory effect on the bioelectrical responses of the nervous system, while a
smaller concentration (15%) has a stimulatory effect. Carbon dioxide has also been reported
to induce depolarisation of the neurons.

Most insects respire by means of atracheal system. In this system, gasis directly transported
to the tissues by air-filled tubules that bypass blood. The pores to the outside, called
spiracles, deliver the gases of respiration. The drawback of this system is that the gases
diffuse slowly in the long narrow tubules; as a result, these tubes need to be limited in size for
adequate gas transfer. The advantage is that oxygen and carbon dioxide diffuse much faster
(10,000 times faster), from the air than in water, blood or tissues. Unlike in mammals
however, there is uncertainty as to whether the actions of carbon dioxide on insects result
from a specific effect of thisagent, from anoxia (reduced oxygen levels), and/or pH variations
(Ref A5.4/01). What is known, is that with increasing levels of carbon dioxide, narcosis will
occur, followed ultimately by death (Ref A5.4/2).



Resistance to carbon dioxide is unlikely to occur because, when used as a biocide, it will be
lethal to the target insects in a single dose (as demonstrated by the information submitted for
the representative insecticide product containing carbon dioxide). This means that thereis no
mechanism for resistance to carbon dioxide to develop because target organisms are never
exposed to sub-lethal concentrations of carbon dioxide (as a biocide). Given the fact that
resistance to carbon dioxide cannot develop because of the way it is used (see above), a
management strategy for the control of the development of resistance to carbon dioxide has
not been proposed.

Carbon dioxide can be used as a biocide in public hygiene situations for the treatment of a
variety of non-food products including Packaging materials, Transport containers, Food
processing machinery, Manufactured goods, Textiles, etc. No specifications about the
maximum size of the bubble were presented in the dossier: It must be noted that there are
practical limits on the size of the bubble and the amount of CO2 required, and a bubble
greater than 5 x 5 x 5 metresis unlikely. The usual size is approximately 3 x 3 x 3 metres. A
fumigation bubble will either be a single use chamber made up on site from plastic coated
foil, or a reusable prefabricated chamber made from PVC coated polyester fabric
(Specifications for both materials can be found as references B5.2/01 and B5.2/02, but no
specifications about maintenance procedures in general and especially cleaning procedures,
airtightness control, and use-by date were provided). Carbon dioxide gasis delivered into the
fumigation bubble until a minimum concentration of 60% v/v carbon dioxide is achieved.
These levels are checked periodically and maintained throughout the treatment period. The
optimum temperature used for the fumigation is 25°C. The length of a fumigation treatment
will be determined primarily by insect species present and ambient temperature and will
typically be between 3 days and 6 weeks. At the end of the treatment, carbon dioxide is
pumped out of the fumigation bubble direct to the outside atmosphere and once levels have
reached a suitable level, below the workplace exposure limit of 0.5%, the bubble is
dismantled and contents removed.

2.6  Toxicological assessment

2.6.1 Hazard identification and effects assessment

In this dossier, a justification for non submission of data was provided for almost all the
endpoints. Thisimportant amount of waivings was justified by the following points:

& The principal route of exposure to carbon dioxide is via inhalation. Carbon dioxide
IS a gas, making the potential exposure via the inhalation route more important than by the
oral or dermal routes, and the latter routes are likely to be unimportant in context of the
representative biocidal product, the fumigation bubble. Accordingly, exposures via the oral
and dermal route were not considered further.

& Carbon dioxide is naturally produced by the body, and is effectively regulated by a
series of homeostatic mechanisms designed to maximise the carbon dioxide-carrying capacity
of the blood. Cells produce carbon dioxide as part of the normal catabolic process.



& One of the most recursive justifications for non submission of datais based on the
low exposure potential of the substance during its use. This justification was not fully
accepted by the RM S in view of the results of the exposure assessment.

% There is a sufficient database of information available on carbon dioxide. This
database gives a coherent toxicological profile of the substance.

Among the information available, although none of the studies were conducted following
modern standards or guidelines, several of them were evaluated as acceptable as they were
conducted under good scientific principles and gave indication of the toxicological profile of
carbon dioxide.

The information submitted shows that effects can be observed in humans at acute doses and
during subchronic exposure: from a dight increase of breathing and heart rates at 2-3%
(20,000-30,000 ppm) (v/v) CO,, panting and tachycardia at 5-6% (50,000-60,000 ppm), to
respiratory and heart distress and loss of consciousness at 10% (100,000 ppm) and finally
death if the exposure is not quickly stopped. These effects are linked with respiratory acidosis.

Toxicity to fertility (morphological changes of spermatozoa in mice at 35% (350,000 ppm)
and testicular changes in rats at 2.5% (25,000 ppm)) and teratogenicity (cardiac and skeletal
abnormalities in rats at 6% (60,000 ppm); skeletal abnormalities in rabbits at 10% (100,000
ppm)) were also observed. For that kind of effect, the mechanism of action is uncertain.

This point has been discussed in PT14, and it has been concluded that based on the human
general toxicity and the lack of human information available on teratogenicity, the limited
evidence in animal studies (exposure to high levels of carbon dioxide during gestation, poor
reliability indices) and the origin of the non specific effects observed in the animal studies
performed with carbon dioxide, the classification of carbon dioxide as toxic to reproduction is
not justified at the present state of knowledge.

The 5,000 ppm (0,5%) concentration (WEL* for safe working conditions given in 2006/15/EC
European directive in application of the 98/24/EC) has been chosen for the risk assessment.
For the specific case of CO2, for which the human metabolism is well known, this choice was
preferred to the derivation of areference concentration from NOAEL and LOAEL determined
in the available animal studies because of their poor reliability. For the purpose of the risk
assessment, this WEL should be considered as an AEL>. For the same reason, because the
WEL value was accepted at the EU level, justifications for non submission of data were
accepted and new testing was not deemed necessary on carbon dioxide.

2.6.2 Exposure assessment
» Production
Using the appropriate engineering controls (manufacture occurs in a closed system under

pressure), plant workers are not expected to be exposed to any carbon dioxide during its
manufacture. However, as a precaution, air monitoring at the plant is assumed to ensure

“Workplace Exposure Level.

® AEL: Acceptable Exposure Level



carbon dioxide levels never increase above the established maximum occupational exposure
limit.

> Professional users

No specifications about the maximum size of the bubble were given, or on the size of the
surrounding room. In the absence of precise data, aformal quantitative risk assessment cannot
be performed, and therefore the risk characterisation had to focus on protective equipment and
safety measures.

The applicant provided no maximum size of the bubble because bubble size has to be adapted
to the object to be treated and can be variable. It must be noted however that, according to the
applicant, there are practical limits on the size of the bubble and the amount of CO2 required,
and a bubble greater than 5 x 5 x 5 metresis unlikely. The usual size is approximately 3 x 3 x
3 metres.

M easurements of operator exposure to carbon dioxide during fumigation activities have been
provided for the 3 main tasks during which the operator may be exposed to the active
substance (filling the fumigation bubble, monitoring CO, levels in bubble, venting). The
greater exposure was measured during venting, for which an average value of about
3,820 ppm (0.38 %) was recorded®

During these experiments, CO, concentrations, measured with diffusion tubes, are averaged
on a 1-hour basis. This method is not very sensitive and transient peaks of carbon dioxide
may not have been identified. For this reason, the averaged values derived from these
exposure measurements should be considered with caution, as they may not reflect the
maxi mum exposure concentrations.

The applicant has indicated that fumigators wear personal electrochemical detectorsduring all
the fumigation process. When the concentration is above 5,000 ppm (0.5 %) an alarm sounds
and the fumigators have to wear appropriate equipment such as Self-Contained Breathing
Apparatus (SCBA). Alternatively, Escape Self Contained Breathing Apparatus (ESCBA)’ can
be proposed as being much less heavy than SCBA and more convenient but are only suitable
for escape in case of quick increase of the CO; level in the fumigation area due to the very
low autonomy of this apparatus. The appropriateness of the equipment will have to be
evaluated depending of the conditions of uses. According to the manufacturer of personal
electro-chemical detectors, CO, levels are almost instantaneously detected, thus ensuring an
adequate alert system for the fumigator®. In these conditions, provided detectors are worn,
operator exposure should not be higher than 5,000 ppm (0.5 %) and this concentration was
proposed by the applicant to be the realistic worst case for both short term and long term
exposure in al the fumigation process.

® The RMS draws the attention of other MS on the fact that this value should be handled as an example of a
situation which may not be representative of standard conditions since no specifications about the bubble
volume compared to the room volume were provided.

" ESCBA according to EN 402.

8 It is agreed that other detection system can be used provided they can demonstrate a sufficient sensitivity and
are suitable to detect transient levels of CO..



» Bystanders

All such fumigations are carried out in unoccupied premises. Persons not involved, be they
adults or children, are not allowed to enter the designated risk area until the fumigator in
charge has issued a “certificate of gas clearance’. This is only issued after the fumigation
bubble has been ventilated and once background levels of carbon dioxide have fallen below
1,000 ppm (0.1 %).

In addition, it should be noted that once a fumigation bubble is vented there are no residues of
carbon dioxide remaining as al is dispersed to atmosphere.

» Non-professional exposure

This product is intended for use only by professional operators. Primary exposure to non-
professional users has therefore not been considered. Nevertheless, based on the specificity of
the conditions of use of carbon dioxide for fumigation applications, and the risk mitigation
measures already needed for professional users, it is recommended to limit the use to
professional usersonly.

2.6.3 Risk characterisation

> Production

Information has been provided indicating that using the appropriate engineering controls
(manufacture occurs in a closed system under pressure), plant workers are not expected to be
exposed to any carbon dioxide during its manufacture. However, as a precaution, air
monitoring at the plant is assumed to ensure carbon dioxide levels never increase above the
established maximum occupational exposure limit. Within the framework of the Biocide
Product Directive, information is deemed acceptable.

> Professional users

From its use as a fumigant insecticide, professional users could potentially be exposed to
large quantities of carbon dioxide. As carbon dioxide is a gas, the route of exposure would be
viainhalation.

An operator exposure study was carried out in which two fumigators wore carbon dioxide
detector tubes on their person (filling the fumigation bubble, monitoring CO, levelsin bubble,
venting). Three different operations were identified where it was considered that there was a
possibility of exposure to the fumigators. All the measurements recorded were below both the
long-term Workplace Exposure Limit (WEL) 0.5 % (5,000 ppm) and the short-term WEL
1.5% (15,000 ppm). However, in the worst case, the calculated % AEL is very close to
100 %, for the task “venting at the end of the fumigation process’ (87.3 %).
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This high % AEL considered together with the low sensitivity of the method of analysis
during the experiment does not provided sufficient proof that an acceptable risk can be
achieved.

As a complement to the risk assessment, the applicant has stated that fumigators have to be
equipped with personal electro-chemical detectors and that if carbon dioxide levels were ever
to rise above 5,000 ppm (0.5 %), an alarm would sound. It is in these instances that Self
Contained Breathing Apparatus (SCBA) would be used to allow exit from the Risk Area until
acceptable safe working levels (i.e. < 0.5%) have been attained.

Due to the rapid action of carbon dioxide, this precaution seems to be insufficient to protect
the operator. In fact, it cannot be excluded that Self Contained Breathing Apparatus may be
out of reach when the alarm would sound. In addition, despite the sensitivity claimed by the
manufacturer of the personal electro-chemical detectors, it cannot be ascertained that some
exposure to carbon dioxide has not already taken place before the alarm rings. For this reason,
RMS recommends the use of appropriate equipment such as Self Contained Breathing
Apparatus (SCBA) for each task specified above.

Appropriate equipment such as Self Contained Breathing Apparatus (SCBA) must be used
until acceptable safe working levels (i.e. < 0.5 %) has been attained and until the end of the
fumigation process (end of venting the bubble).

Alternatively, Escape Self Contained Breathing Apparatus (ESCBA)° with wearing
electrochemical portable detector can be proposed as being much less heavy than SCBA and
more convenient but are only suitable for escape in case of quick increase of the CO, level in
the Risk Area due to the very low autonomy of this apparatus. The appropriateness of the
equipment will have to be evaluated depending of the conditions of uses.

Taking these factors into account, the use of carbon dioxide as a fumigant insecticide by
operators does not present an adverse inhalation risk, provided that the alarm device is
relevant and if the operators wear an ad hoc personal protective equipment.

» By-standers

All such fumigations are carried out in unoccupied premises. Persons not involved, be they
adults or children, are not allowed to enter into the designated risk area until the fumigator in
charge has issued a “certificate of gas clearance’. This is only issued after the fumigation
bubble has been ventilated and once background levels of carbon dioxide have fallen below
0.1 % (which is below the long term WEL of 0.5 % (5,000 ppm)).

® ESCBA according to EN 402.
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2.7 Environmental assessment

The environmental section of the carbon dioxide dossier is reduced, mainly due to the nature
of the active substance “carbon dioxide’”, naturaly occurring and omnipresent in the
environment, and to the low environmental exposure to the substance used as insecticide.

2.7.1 Effects assessment

For most of the endpoints, no standardized studies were submitted and a justification for non-
submission of datawas provided. This has been discussed during the 9" Technical Meeting in
February 2003 where it was recommended that, for environmental properties, data on CO,
were not required, and where relevant, data could come from literature.

The reasons invoked for waiving were mainly the following:

& One of the most recursive justifications for non-submission of data is the low
exposure potential of the substance for each compartment of the environment
during its use.

% The second justification for non-submission is the low scientific relevance of some
ecotoxicological tests for carbon dioxide (e.g. ready biodegradation (CO- release is
the final end point measured in some of these tests), toxicity to algae, toxicity to
terrestrial plants (role of CO; in photosynthesis...), etc...).

However, in some cases, (e.g acute toxicity to fish, aguatic invertebrates and earthworms),
experimental data were submitted to give complementary information on the ecotoxicological
response to carbon dioxide. However, these were not standardized studies and did not give
suitable results for deriving a PNEC: they have therefore not been included in the overall
summary or in the risk assessment.

Based on the lack of exposure of the environmental compartments and in the absence of
reliable standardized studies, it was concluded that a PNEC derivation was not necessary.

2.7.2 Environmental exposure assessment

The exposure assessment shows that it is especially during the venting process of a
fumigation bubble that carbon dioxide is sent directly to the outside air compartment. The
fumigation bubble contains a minimum level of 60 % v/v of carbon dioxide. Due to its nature
as a gas, the carbon dioxide is expected to be rapidly and readily dispersed and immediately
diluted into the surrounding air. The room is also likely to have some airflow, which will help
to dissipate the carbon dioxide. Thus the rapid dispersal of carbon dioxide following venting,
carbon dioxide as fumigant insecticide is not expected to increase significantly the indoor air
concentrations, and subsequently is not expected to increase significantly the local
environmental concentrations of carbon dioxide.
In addition, considering the European tonnage involved in the use of carbon dioxide as
insecticide compared to the natural burden of carbon dioxide in the atmosphere (about 800
gigatons of carbon in the atmosphere) or the current annual release of carbon dioxide due to
other anthropogenic activities, it is unlikely that the use of carbon dioxide as an insecticide
will significantly affect the atmosphere concentration outside normal atmospheric ranges
Consequently:
- There will be no significant exposure of the aguatic environment to carbon dioxide.
Consequently, adverse effects to aquatic organisms and sediment dwelling organisms
from the use of carbon dioxide as insecticide do not need to be considered.

12



- The use pattern proposed for the biocidal product in fumigation bubbles, means that
carbon dioxide will not enter sewage treatment plants and effects on micro-organisms in
sewage treatment plants does therefore not need to be considered either.

- Similarly for the terrestrial and atmaospheric environmental compartments, there will be no
increase in the levels of carbon dioxide in the atmosphere or soil outside normal
atmospheric ranges from the use of carbon dioxide as insecticide.

The PEC was set at zero for all the compartments, meaning that the use of carbon dioxide asa
biocide in fumigation bubbles will not increase carbon dioxide concentrations outside natural
range.

2.7.3 Risk characterisation

Given the particular nature of carbon dioxide and its natural occurrence in the environment
and the low level of exposure expected in all environmental compartments from the use of
carbon dioxide as an insecticide, it has been concluded that there is no risk to the environment
or wildlife.

In view of the fate and behaviour of carbon dioxide in the water compartment, notably the
equilibrium of carbon dioxide and carbonate in water, and the low level of exposure expected
fromits use asinsecticide, no risk for drinking water or groundwater has been identified.

Due to the particular nature of carbon dioxide, it has to be considered that carbon dioxide
does not fulfil persistence criteria in any environmental criteria and has no bioaccumulation
potential.

Carbon dioxide has no PBT potential.

13



28 Summary of therisk assessment

Carbon dioxide has been evaluated for its use as a fumigant insecticide (product type 18). In
this use as a fumigant insecticide, pure carbon dioxide is applied from a gas cylinder into a
fumigation bubble to alevel of at least 60 % v/v. As a fumigant insecticide, carbon dioxide is
intended for use by professional operators only and so exposure to the general public will not
occur during its normal use. The only possible exposure to consumers might be indirect,
secondary exposure, and yet thisis highly unlikely as aresult of the proceduresin place when
carrying out such atreatment.

The principle route of exposure to carbon dioxide is via inhalation. Carbon dioxide is a gas
making the potential exposure via the inhalation route more important than by the oral or
dermal routes, and the latter routes are likely to be unimportant in context of the
representative biocidal product. Accordingly, exposures via the oral and dermal routes have
not been consdered further. No critical endpoints in terms of adverse hedlth effects or
physical-chemical properties have been identified for carbon dioxide, and these findings are
consistent with its classification for supply as non-hazardous for health and physical-chemical
effects.

Using the appropriate engineering controls (n.b. manufacture occurs in a closed system under
pressure), plant workers are not expected to be exposed to any carbon dioxide during its
manufacture. However, as a precaution, there is air monitoring at the plant to ensure carbon
dioxide levels never increase above the established maximum occupationa exposure limit for
safe working conditions (0.5 %, or 5,000 ppm or 9150 g/m®, 8 hour time weighted average).
There is no separate manufacturing process for the carbon dioxide used as a fumigant
insecticide by Rentokil Initial.

It has been concluded that the engineering controls intrinsic in carbon dioxide production,
together with operator training and the availability of personal protective equipment (PPE)
ensure thereisminimal risk of exposure of workers to carbon dioxide.

Under normal conditions of use, levels of carbon dioxide that operators are exposed to, have
been seen to be below both the long term and short term WELSs (5,000 ppm (0.5 %) and
15,000 ppm (1.5 %) respectively).

Of the three different procedures within a fumigation operation (filling the fumigation bubble,
monitoring CO, levels in bubble, venting), venting of the bubble at the end of the fumigation
process, poses the greatest risk, giving in the worst case a87.3 % AEL.

This high % AEL considered together with the low sensitivity of the method of analysis
during the experiment does not provided sufficient proof that an acceptable risk can be
achieved.

Appropriate equipment such as Self Contained Breathing Apparatus (SCBA) must be used
until acceptable safe working level (i.e. < 0.5 %) has been attained and until the end of the
fumigation process (end of venting the bubble).

Alternatively, Escape Self Contained Breathing Apparatus (ESCBA)™ can be proposed as
being much less heavy than SCBA and more convenient but are only suitable for escape in

10 ESCBA according to EN 402.

14



case of quick increase of the CO; level in the fumigation area due to the very low autonomy
of this apparatus. The appropriateness of the equipment will have to be evaluated depending
of the conditions of uses.

The product is not intended to be used by non-professional users.

All such fumigations are carried out in unoccupied premises. Persons not involved, be they
adults or children are not permitted entry into the designated risk area until the fumigator in
charge has issued a “certificate of gas clearance’. This is only issued after the fumigation
bubble has been ventilated and once background levels of carbon dioxide have falen below
1,000 ppm (0.1 %).

As carbon dioxide is thermally stable, non-flammable, non-explosive and non-oxidising there
IS no risk to professional users from its physical-chemical properties. This is aso the case
for carbon dioxide used as a fumigant insecticide.

The use pattern of carbon dioxide as a fumigant insecticide, and the fact that it is a gas means
that there will be no significant exposure to livestock and pets via drinking water or feeding
stuffs.

A semi-quantitative risk assessment was conducted for the environment. Under normal
conditions of use, there will be no exposure of carbon dioxide to the aquatic environment.
This indicates that no adverse effects to aguatic organisms and sediment dwelling organisms
from the use of carbon dioxide as a fumigant insecticide are expected. The use pattern
proposed means that carbon dioxide will not enter sewage treatment plants and therefore
adverse effects on micro-organisms in sewage treatment plants are not expected either.
Similarly for the atmospheric compartment, the quantities of carbon dioxide involved for the
use as an insecticide indicates that there will be no increase in the levels of carbon dioxide
outside normal atmospheric ranges. The risk for biotic or abiotic adverse effects is deemed
acceptable.
No significant increase of carbon dioxide concentrations in the atmosphere from the use of
carbon dioxide as a fumigant insecticide is anticipated, and therefore no risk were identified
for the terrestrial compartment.
No concerns were identified for carbon dioxide with regards to:

- Persstency in soil or water

- Groundwater and drinking water contamination

- Bioaccumulation (carbon dioxide does not fulfil PBT criteria)

- Non compartment specific effects relevant to the food chain (secondary

Ppoi soning)
Given the very low level of exposure expected of all environmental compartments from the
use of carbon dioxide as a fumigant insecticide, it has been concluded that there is no risk to
the environment or wildlife.
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3

3.1

DECISION

Background to the Decision

The carbon dioxide dossier has been submitted for its use as an insecticide in a fumigation
bubble. The evaluation has been carried out for the uses as specifically described by the
applicant: Carbon dioxide isintended for use by professionals only.

On the basis of the proposed and supported uses and the evaluation conducted as summarised
in Sections 2.1-2.8, the evaluation of the dossier led to the following conclusions concerning
carbon dioxide asinsecticide in fumigation bubbles:

©
©

©

The substance is correctly identified with a purity > 99 % (v/v). No additive or
impurity is above the concentration limit of 1 g/kg.

The physical-chemical properties of the active substance have been determined and
deemed acceptable for the purposes of the appropriate use, storage and transport of the
active substance.

Carbon dioxide is an insecticide for use by professional operators for the control of
Dictyoptera (cockroaches), Coleoptera (beetles), Lepidoptera (butterflies and moths),
Psocoptera (booklice), Acari (mites) and Hemiptera (bugs) in public hygiene and food
storage practice. Mortality of insects will be achieved between 3 days and 6 weeks,
depending upon insect species present.

Examplesof the speciesto be controlled include thefollowing:

Acarussiro Flour mite

Anastrephus sugpensa Caribbean fruit fly
Anobium punctatum Common furniture beetle
Anthrenus verbasci Varied carpet beetle
Blatella germanica German cockroach
Callosobruchus chinensis Cowpeaweevil

Cimex lectularius Bed bug

Dermestes maculatus Leather beetle

Ephedtia cautella Tropical warehouse moth
Lasoderma serricorne Cigarette beetle
Lepinotus patrudis Booklouse

Liposcdis bostrychophilus Booklouse
Oryzaephilus mercator Merchant grain beetle
Oryzaephilus surinamend's Saw-toothed grain beetle
Periplaneta americana American cockroach
Plodiainterpunctella Indian-meal moth
Ptinustectus Augtrdian spider beetle
Stophilusgranarium Grain weevil
Stophilusoryzae Rice weevil

dtotroga cerealela Angoumois grain moth
Tribolium castaneum Rust red flour beetle
Tribolium confusum Confused flour beetle
Trogoderma glabrum Warehouse beetle
Trogoderma granarium Khaprabeetle
Tyrophagus putrescentiae Mould mite

Without data supporting the efficacy of CO2 against Ephestia keuhniella
(Mediterranean flour moth), it was not possible to maintain this target species in the
dossier.

The evaluation has used the existing operator exposure level for carbon dioxide set by
various national bodies. The long-term workplace exposure limit for carbon dioxide
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3.2

set in 2006/15/EC European directive in application of the 98/24/EC, is 5,000 ppm /
0.5 % (8 hour time weighted average while the short term workplace exposure limit is
15,000 ppm/ 1.5 % (15 minutes reference period)).

The conclusion of the toxicological assessment is that of the three different procedures
within a fumigation operation, venting at the end of the fumigation process, poses the
greatest risk for professonal users, giving in the worst case an AEL of 87.3%. In
relation with the high AEL % and the limited confidence in the concentrations
measured during human exposure experiments, Self Contained Breathing Apparatus
(SCBA) must be used during the most dangerous steps of the fumigation process
(filling and flushing the bubble) and when professionals enter in the fumigation area
until the end of the process (end of flushing the bubble). Moreover in the case of a
concentration above the acceptable safe working levels (i.e. < 0.5 %), the SCBA must
be used until safe level has been attained. The SCBA used is suitable for the operation
of fumigation with CO, but is not very convenient (heavy), thus RM S proposes to use
hood or full face mask with compressed airline. As proposed by the applicant RMS
recommend the wearing of personal electro-chemical detectors during all the
fumigation process. Alternatively, Escape Self Contained Breathing Apparatus
(ESCBA)" can be proposed as being much less heavy than SCBA and more
convenient but are only suitable for escape in case of quick increase of the CO; level
in the fumigation area due to the very low autonomy of this apparatus. The
appropriateness of the equipment will have to be evaluated depending of the
conditions of uses.

The ecotoxicological assessment shows that environmental natural concentrations are
not affected by the use of carbon dioxide as insecticides and there are no critica
endpoints in terms of adverse ecotoxicological effects. The evaluation has concluded
that under the proposed normal conditions of use, there are no unacceptable effects on
the environment or wildlife, as provided for in Article 5 (1) (b) (iv) of Directive
98/8/EC provided certain conditions are taken into account as detailed in sections 2.1
and 2.2 of thisreport.

No classification and labelling is proposed for carbon dioxide, given the lack of
critical endpoints in terms of adverse effects on health and environment, and of
physico-chemical properties.

It must be noted that carbon dioxide is used for control of arthropod pests that affect
commodities, such as; museum artefacts (wooden items, textiles, etc), etc. It is
particularly important for very high value commodities such as certain museum
artefacts, which may be adversely affected by other fumigants. While normally
treatment of wooden artefacts (frames of “old masters’) would require PT8 inclusion,
it seems appropriate to limit the inclusion to PT18 on account of the limited and
specialised use of carbon dioxide.

Decision regarding Incluson in Annex |

On the basis of the proposed and supported uses and the evaluation conducted as summarised
in Section 2, it can be concluded that the proposed use of carbon dioxide under specified
conditions fulfils the safety requirements laid down in Article 5(1) (b), (c) and (d) of Directive
98/8/EC. This conclusion is, however, subject to compliance with the particular requirements
described in this report.

1 ESCBA according to EN 402.

17



In view of the above, it is concluded that carbon dioxide shall be included in Annex | of
Directive 98/8/EC as an active substance for use in product-type 18 (insecticides), subject to
the following specific provisions:
» The active substance, as manufactured, shall have a minimum purity of 990 mL/L.
*  Product may only be sold to and used by professionals trained to use them.
* Appropriate measures to protect operators shall be taken to ensure minimum risk,
including the availability of personal protective equipment if necessary.
= Appropriate measures shall be taken to protect bystanders, such as exclusion from the
treatment area during fumigation..

Primary exposure to non-professional users has not been considered in the application for
Annex | inclusion submitted because the reference product was only foreseen for professional
users. Nevertheless, based on the specificity of the conditions of use of carbon dioxide for
fumigation applications, and the risk mitigation measures already needed for professional
users, it has been decided to restrict the use to professional users only.

Extension of the use pattern beyond those reviewed will require a re-evaluation of the Annex
| entry of carbon dioxide in order to establish whether the proposed extensions can satisfy the
requirements of Article 10(1).

In order to facilitate the work in the Member States in granting or reviewing authorisations to
apply adequately the provisions of Article 5(1) of Directive 98/8/EC and the common
principles laid down in Annex V1 of that Directive, the most important endpoints as identified
during the evaluation process are listed in Appendix I.

3.3 Decisonregarding Inclusonin Annex A

The applicant asked consideration to be given for inclusion of carbon dioxidein Annex I1A.

In view of the high AEL % for the applicator and the need of specific personal protective
equipment, it is concluded that carbon dioxide shall not be included in Annex 1A of Directive
98/8/EC as an active substance for use in product-type 18 (insecticides).

34 Factors to be taken into account by Member States when authorising or
registering products

* Product may only be sold to and used by professionals trained to use them, and
measures shall be taken in order to prevent carbon dioxide concentrations in the Risk
Area from reaching the level that was established as the short-term occupational
exposure limit.

= Appropriate breathing apparatus such as Self Contained Breathing Apparatus (SCBA)
or hood or full face mask with compressed airline must be used when professionals
enter in the fumigation area until the end of the process (end of flushing the bubble).
At the end of the process, the SCBA must be used until a concentration under the
acceptable safe working levels (i.e. < 0.5%) has been attained. Alternatively, Escape
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Self Contained Breathing Apparatus (ESCBA)™ can be proposed as being much less
heavy than SCBA and more convenient but are only suitable for escape in case of
quick increase of the CO- level in the fumigation area due to the very low autonomy of
this apparatus. The appropriateness of the equipment will have to be evaluated
depending of the conditions of uses.

= The use of the fumigation bubble has not been assessed in areas where contact with
food or feedstuffs was anticipated. Despite this indication, Member States are invited
to ensure that the appropriate requirements are fulfilled should any national
application for authorisation concerns a use where contact with food or feedstuffs may
occur.

3.5 Requirement for further information

It is considered that the evaluation has shown that sufficient data have been provided to verify
the outcome and conclusions, and permit the proposal for the inclusion of carbon dioxide in
Annex | of the Directive 98/8/EC.

However, the limit of quantification for the analytical method submitted has not been
provided. Member States shall ensure that the appropriate methods of analysis are made
available before any placing on the market.

3.6 Groundsfor comparative assessment

The intended normal uses and properties of carbon dioxide and the consequent risks to health
or the environment which give rise to concern have been reviewed in order that comparative
assessment can be done later, if necessary. Based on this evaluation, no areas of concern have
currently been identified which would justify choosing carbon dioxide as a candidate for
comparative assessment. The levels of exposure expected from the use of carbon dioxide as a
fumigant insecticide, and its general low hazard in the use pattern identified contribute to this
conclusion.

3.7  Updating this Assessment Report

The technical information in this assessment report may need to be updated periodically in
order to take account of scientific developments and results from the examination of any of
the information referred to in articles 7, 10.4 and 14 of Directive 98/8/EC. Such adaptations
will be examined and finalised in connection with any amendment of the conditions for the
inclusion of carbon dioxidein Annex | or |A of the Directive.

12 ESCBA according to EN 402.
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APPENDIX I: LIST OF ENDPOINTS

Active substance (ISO Common name)

Function (e.g. fungicide)

Carbon dioxide

Insecticide

Chapter 1: Identity, Physical and Chemical Properties, Classification and L abelling

I dentity
Chemical name (IUPAC)
Chemical name (CA)
CASNo
EC No
Other substance No.

Minimum purity of the active substance as
manufactured

Identity of relevant impurities and additives
(substances of concern) in the active substance
as manufactured

Molecular formula

Molecular mass
Structural formula

Physical and chemical properties

Melting point

Boiling point
Temperature of decomposition
Appearance

Relative density
Surface tension
Vapour pressure

Henry’s law constant

Carbon dioxide

Carbon dioxide

124-38-9

204-696-9

None known.

> 99% v/v carbon dioxide (990 mL/L).

No additives present in carbon dioxide.
No impurities present in carbon dioxide above the
concentration limit of 1g/kg.

No impurities of toxicological or ecotoxicological
significance present below the concentration limit of

lg/kg.

CO,

44.01 g/mol

O=C=0

Sublimation temperature: -78.5°C (at 760 mmHg).
Purity of carbon dioxide not available.

Not relevant, due to sublimation properties.

> 300°C under normal pressure

Odourless, colourless gas (when >99.9% purity) under
normal temperature et pressure conditions

1.527 (where air = 1). Purity of carbon dioxide not
available. The density is 1.977 g/l at 0°C

No surface activity is expected due to chemical structure
of the substance.

Not applicable, as carbon dioxide isagas. In literature
the vapour pressure is 57300 hPa at 20°C.

The Henry’s law constant is calculated with the
following literature data: P: 57300 hPa at 20°C and
solubility is 1.61 g/l at 20°C. The calculated valueis:
156632 Pam®.mol ™
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Solubility in water
Solubility in organic solvents

Partition coefficient (log Pow)

Hydrolytic stability (DTsg)

Dissociation constant
UV/VIS absorption (max.)
Photostability (DTsp)

Quantum yield of direct phototransformation
inwater at ¥ >290 nm

Flammability
Explosive properties

Classification and proposed labelling

with regard to physical/chemical data
with regard to toxicological data
with regard to fate and behaviour data

with regard to ecotoxicological data

88 ml carbon dioxidein 100 ml water at 20°C or 1.61 g/l
at 20°C.

Soluble in cyclohexanol (677 cm® CO,/I cyclohexanol or
1.2 g/l at 26°C)

n-octanol/water: 0.83 Isobutanol/water:
2.26 Olive
oil/water: 1.74

Temperatures not available.

Dissolved carbon dioxide will react with water to form
carbonic acid.

CO; + H,0 « H,CO3

Carbonic acid will undergo further reactions to produce
bicarbonate and carbonate ions.

H,CO3 + OH «<» HCO 3 + H,0

HCO 3 + OH «> CO5* + H,0

The equilibrium constant for the disassociation reaction
is 600. Carbon dioxide is considered to be hydrolytically
stable.

Not applicable, as carbon dioxide isagas.

140 nm

Not possible to determine, as approved test guidelines
are designed to work with water-soluble, non-volatile
organic substances. Carbon dioxide, although water
soluble, is volatile and inorganic.

Not applicable

Non flammable gas

Carbon dioxide does not exhibit explosive properties.

Not classified as hazardous.

Not classified as hazardous.

Not classified as hazardous.

Not classified as hazardous.
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Chapter 2: Methods of analysis

Analytical methodsfor the active substance

Technical active substance (principle of method)
(Annex I1A, point 4.1)

Impurities in technical active substance (principle
of method) (Annex I1A, point 4.1)

Analytical methodsfor residues

Soil (principle of method and LOQ) (Annex I1A,
point 4.2)

Air (principle of method and LOQ) (Annex 1A,
point 4.2)

Water (principle of method and LOQ) (Annex I1A,
point 4.2)

Body fluids and tissues (principle of method and
LOQ) (Annex IIA, point 4.2)

Food/feed of plant origin (principle of method and
LOQ for methods for monitoring purposes) (Annex
A, point 1V.1)

Two methods are used: The Asco method and Infrared
analyser method.

Principles of the Asco method: A known volume of the
test gasisisolated in a gas burette and treated with
Potassium Hydroxide solution. The carbon dioxide
dissolves leaving a bubble of residual gases which are left
in the measuring section of the burette, where its volume
isread off. Principles of theinfrared
analyser method: Theinfrared analyser measures the total
carbon dioxide level of the test gasin comparison to a
“zero gas’ (which contains 100% carbon dioxide).

Not applicable. There are no additives present in carbon
dioxide. There are no impurities present in carbon dioxide
above the concentration limit of 1g/kg, and no impurities
of toxicological or ecotoxicological significance present
below the concentration limit of 1g/kg.

No analytical method has been submitted. Thisis because
the environmental risk assessment shows that carbon
dioxide, when used as a biocide, does not enter the soil
compartment because there is no mechanism for the
carbon dioxide to be released directly into the soil
compartment.

Given that carbon dioxide is a gas, the analytical method
specified for the technical active substance (above) is
suitable for detecting carbon dioxide in air.

No analytical method has been submitted. Thisis because
the environmental risk assessment shows that carbon
dioxide, when used as a biocide, does not enter the aquatic
environment. This means that the use of carbon dioxide,
when used as abiocide, does not affect the levels of

carbon dioxide found naturally in the environment, outside
normal atmospheric levels.

Not applicable because carbon dioxide is not classified as
hazardous.

Carbon dioxide fumigations are carried out on certain
foodstuffs and it should be noted that carbon dioxide is
generally recognised as a safe food substance (GRAS).

In 1981, the Environmental Protection Agency in the USA
waived the need for data requirements pertaining to
toxicological studies, metabolism studies, anaytical
methods and residue data.

The final ruling was given as follows: The food additive
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Food/feed of animal origin (principle of method
and LOQ for methods for monitoring purposes)
(Annex I11A, point 1V.1)

Chapter 3: Impact on Human Health

carbon dioxide may be safely used after harvest in
modified atmospheres for stored product insect control on
all processed agricultural commodities.

Not applicable.

Absor ption, distribution, metabolism and excretion in mammals

Rate and extent of oral absorption:
Rate and extent of dermal absorption:

Distribution:

Potential for accumulation:
Rate and extent of excretion:
Toxicologically significant metabolite

Acutetoxicity

Rat LDsg ord
Rat LDsg dermd
Inhalation

Skin irritation

As carbon dioxide isa gas, oral exposure will not
be a significant route of exposure.

As carbon dioxide is a gas, dermal exposure will
not be a significant route of exposure.

Carbon dioxide is constantly produced by the body
asaresult of the numerous metabolic reactions
involving carbon-containing compounds. An adult
man, at rest, can be expected to contribute
approximately 12 litres of carbon dioxide per hour
to hisblood stream. If undergoing sustained work,
carbon dioxide production can increase to around
100 litres of carbon dioxide per hour. The body has
an ability to excrete carbon dioxide in amounts
which correspond to over 12,000 mEq of acid per
day without causing any toxic effects. Therisk
assessment for human health shows that the normal
use of carbon dioxidein Rentokil Initial’ s fumigant
insecticide product does not cause any elevation of
carbon dioxidein air, outside normal atmospheric
ranges. We can therefore expect it to be
metabolised in the same way as the carbon dioxide
naturally inhaled into the body as part of
ventilation, and that produced by respiring cells.

Refer to “ Distribution” (above).

Refer to “Distribution” (above).

Refer to “Distribution” (above).

Not applicable, as carbon dioxideis agas.
Principle route of exposure will be by inhalation.

10% carbon dioxide (man): not fatal to man
(although the effects experienced were very
unpleasant).

Not technically possible to determine the skin
irritation potential of carbon dioxide using
conventional techniques becauseit is agas.
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Eyeirritation

Skin sensitization

Repeated dose toxicity
Specied/ target/critical effect

Lowest relevant oral NOAEL/LOAEL
Lowest relevant dermal NOAEL/LOAEL
Lowest relevant inhalation NOAEL/LOAEL

* Footnote

However, it should be noted that the risk
assessment for human health shows that the normal
use of carbon dioxide in Rentokil Initial’s
insecticide fumigant products does not cause any
elevation of carbon dioxidein air, outside normal
atmospheric ranges.

Not technically possible to determine the eye
irritation potential of carbon dioxide using
conventional techniques because it isagas.
However, it should be noted that the risk
assessment for human health shows that the normal
use of carbon dioxide in Rentokil Initial’s
insecticide fumigant products does not cause any
elevation of carbon dioxidein air, outside normal
atmospheric ranges.

Not technically possible to determine the skin
sensitisation potential of carbon dioxide using
conventional techniques because it isagas.
However, it should be noted that the risk
assessment for human health shows that the normal
use of carbon dioxidein Rentokil Initial’s
insecticide fumigant products does not cause any
elevation of carbon dioxide in air, outside normal
atmospheric ranges.

The long-term occupational exposure limit for
carbon dioxide given in 2006/15/EC European
directive in application of the 98/24/EC is 5,000
ppm / 0.5% (8 hour time weighted average) while
the short term occupational exposure limit is 15,000
ppm/ 1.5% (15 minutes reference period)*

* See footnote.

Not applicable, as carbon dioxideis agas.
Principle route of exposure will be by inhalation.

The long-term occupational exposure limit for
carbon dioxide set in the UK is 5,000 ppm/ 0.5% (8
hour time weighted average) while the short term
occupational exposure limit is 15,000 ppm / 1.5%
(15 minutes reference period)*

* See footnote.

Existing data on the subchronic toxicity of carbon dioxide are available, including data on man.
However, it is acknowledged that this data, (which is summarised in Document 111A Section 6.4.3 of
the Competent Authority Report) was carried out some time ago, and was therefore not carried out to
current protocols or with current laboratory techniques. Given that this data is unavoidably weak, the
current occupational exposure limit for safe working conditions with carbon dioxide has been used as
the NOAEL value for the risk assessment. Thisis because the use of carbon dioxide as an insecticide
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fumigant does not increase carbon dioxide above levels found naturally in the atmosphere, and thisis
well below established maximum occupational exposure limits for safe working conditions.
Occupational exposure work has been carried out in humans exposed to an environment with high
paCO, values such as brewery workers. Such data have been used previously by a number of
regulatory authorities to set national, international and supranational maximum exposure limits for
safe working conditions, and all of these exposure limits are in general agreement.

Genotoxicity

* Footnote

It is not technically possible to determine the
genotoxic potential of carbon dioxide using
conventional in vitro techniques because carbon
dioxide is present naturally in the environment and
it isaso naturally produced by all aerobic cellsasa
by-product of respiration. This makesit impossible
to remove it from negative controls.* (* See
footnote). However, it should be noted that the risk
assessment for human health shows that the normal
use of carbon dioxide in Rentokil Initial’s
insecticide fumigant products does not cause any
elevation of carbon dioxidein air, outside normal
atmospheric ranges.

Refer to Document I11A Section 6.6.1, 6.6.2, 6.6.3 and 6.6.4 of the Competent Authority Report, for
the discussion about technically possibility to submit genotoxicity studies for carbon dioxide.

Carcinogenicity

Species/type of tumour

It isnot considered scientifically necessary to
determine the carcinogenic potential of carbon
dioxide for anumber of reasons including:

1. Therisk assessment for human health shows
that the use of carbon dioxide in Rentokil
Initial’ sinsecticide fumigant products does not
cause any elevation of carbon dioxidein air,
outside normal atmaospheric ranges.

2. Thenormal working practices of carbon
dioxide as an insecticide fumigant are within a
sealed enclosure (fumigation bubble) and
therefore additional exposure to the gasis not
expected.

3. The maximum exposure limits for safe working
conditions are well established for carbon
dioxide, and all of these exposure limitsarein
general agreement. The use of carbon dioxide
in Rentokil Initial’ s insecticide fumigant
products do not cause any elevation of carbon
dioxidein air, outside normal atmospheric
ranges, and thisiswell below these agreed
maximum exposure limits for safe working
conditions. Asthe objective of an animal testis
to predict the toxicological effect in humans,
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Lowest dose with tumours
* Footnote

then an established safe exposure limit based on
human takes precedence over animal data
generated for the approximation of atheoretical
safevalue.

4. Whileitis possible to carry out a carcinogenic
study on carbon dioxide, it will be technically
very difficult, full of constraints and very
expensive. The body’s metabolism and
physiology are extremely sensitive to carbon
dioxide levels and will adjust to any
atmospheric changes. This effects the body’s
metabolism making it difficult to differentiate
any observations on the test animal as atoxic
effect of carbon dioxide itself, or as a secondary
effect of the body’ s change in metabolism.
Because of this, even if the carcinogenicity
study was carried out it is going to provide little
useful information for the risk assessment.

Refer to “ Species/type of tumour” above.

Refer to Document I11A Section 6.7 of the Competent Authority Report for full justification about why
it is not scientifically necessary to determine the carcinogenic potential of carbon dioxide.

Repr oductive toxicity
Species/reproduction target/critical effect

Note that the risk assessment for human health
shows that the use of carbon dioxide in Rentokil
Initial’ s insecticide fumigant products does not
cause any elevation of carbon dioxidein air, outside
normal atmospheric ranges. However, there are
four studies available on the possibl e teratogenic
effects of carbon dioxide. These are:

1) Female Sprague-Dawley rats were exposed to
6% carbon dioxide for single 24h-period between
gestation days 5 and 21. There were increased
abnormalities (intraventricular septal changes)

to the young born. Note there was also an increase
in skeletal abnormalities. There was a slight
increase in perinatal mortality in the test group, and
alower frequency of male offspring. The average
pup weight was 18.9% higher in the test litters.

2) Wistar male rats were exposed to 2.5%, 5.0% or
10.0 % carbon dioxide for 1,2,4 or 8h. Study
indicates adverse effects to male testis tissue of rats
exposed to 2.5% -10% carbon dioxide. The
changes were positively associated with the
concentration of

carbon dioxide and the duration of treatment.

3) Swiss male mice were exposed to 65%/35%
mixture air/carbon dioxide for atotal of either 6h
(intermittent exposure over 8h) or 26.5 h
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Lowest relevant NOAEL

Species/devel opmental target / critical effect

Lowest relevant NOAEL
* Footnote

(intermittent exposure over 6 d). Study indicates
adverse effects to the morphology of spermatozoa
of mice, and their fertility when they were exposed
to 35% carbon dioxide.

4) Female rabbits were exposed to 10-13% carbon
dioxide for 4 t010h, on 2 or 3 different days,
between gestation days 7 and 12. Skeletal
abnormalities in foetuses were observed.

Whilst the effects reported in all four studies above
could have been attributable to carbon dioxide they
might also be aresponse to low pH or to increased
oxygen tension (secondary to hyperventilation
caused by increased carbon dioxide).

NO(A)EL has not been established. However,
studies indicate adverse effects to young born under
conditions of 6% carbon dioxide, adverse effectsto
mal e testis tissue of rats exposed to 2.5% -10%
carbon dioxide and adverse effects to the
morphology of spermatozoa of mice, and their
fertility when they were exposed to 35% carbon
dioxide. Note that whilst the effects reported in
these studies could have been attributable to carbon
dioxide they might also be aresponseto low pH or
to increased oxygen tension (secondary to
hyperventilation cause by increased carbon
dioxide).

See above.

Refer to Document 111A Section 6.8.1 of the Competent Authority Report for full justification about
why these studies can be used to support the teratogenic assessment of carbon dioxide.

Neur otoxicity / Delayed neur otoxicity

2-day acute neurotoxicity study in rats
13-weeks neurotoxicity study in rats
12-month chronic neurotoxicity study in rats

Other toxicological studies

Thereis a substantial volume of data available on
the toxicity of carbon dioxide, and none of it
indicates that it may have neurotoxic effects. On
thisbasis, it is not necessary to submit additional
toxicity about the neurotoxicity of carbon dioxide.

Thereis asubstantial volume of data available on the toxicity of
carbon dioxide, and none of it indicates that carbon dioxide is of
sufficient concern to justify further investigation by a
mechanistic study, or by routes of administration that are not
considered in the core toxicity dataset. In addition, carbon
dioxide is not mixed or added to any other chemicalsduringit’'s
normal use so it is not necessary to provide data on degradation
products, by-products and reaction products relating to the
human exposure to carbon dioxide.
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M edical data

Carbon dioxide fumigations are carried out on certain foodstuffs
and it should be noted that carbon dioxide is generally
recognised as a safe food substance (GRAYS).

In 1981, the Environmental Protection Agency in the USA
waived the need for data requirements pertaining to
toxicological studies, metabolism studies, analytical methods
and residue data.

The final ruling was given as follows: The food additive carbon
dioxide may be safely used after harvest in modified
atmospheres for stored product insect control on all processed
agricultural commodities.

Carbon dioxide is aso not intended for use directly on plants,
making it unnecessary to consider the toxic effect of metabolites
from treated plants.

Effects of excessive carbon dioxide exposurein
man are well reported in the product literature.
These studies have been summarised in Document
1A Section 6.1.3, 6.4.3, 6.5 and 6.12 of the
Competent Authority Report. The key results for
man include the following:

Exposure to 1% carbon dioxide (time weighted
average) during the working day has little effect on
blood parameters, including bicarbonate and carbon
dioxide. (It should be noted that the author of the
study had great difficulty in monitoring the
exposure of subjectsto carbon dioxide because of
their movements).

Exposureto 1.5% carbon dioxide led to lower heart
rate, reduced tolerance to vigorous exercise. There
was no apparent changes in performance or basic
physiological parameters when humans were
exposed to 1.5% carbon dioxide for 42 days. There
was slight acidosis for 23 days, increased
respiratory rate and increased systolic BP.

Exposure to 3% carbon dioxide leads to deeper
breathing, headache, reduced hearing ability,
increased heart rate and acidosis.

At 5-10% carbon dioxide, in addition to the effects
detailed for exposure to 3% carbon dioxide thereis
more laborious breathing and loss of judgement.

At 10% carbon dioxide, in addition to the
symptoms detailed for 5-10% carbon dioxide, there
is also loss of consciousness.

It has been widely reported that the effects
associated with carbon dioxide exposure are
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Summary

ADI (if residuesin food or feed)

AOEC (Operator/Worker)

Drinking water limit

ARFD (acute reference dose)

reversible once the carbon dioxide has been
removed.

It should be noted that under normal conditions of
use, the use of carbon dioxide in Rentokil Initia’s
insecticide fumigant (PT18) products will not cause
any elevation in thelevel of carbon dioxidein air,
outside normal atmospheric ranges, and the studies
available on man tend to address much longer
periods of exposure than are likely to be relevant
for the use of carbon dioxide in the representative
product, the fumigation bubble.

Vaue Study Saf ety factor

Not applicable, as not intended for use on food or
feed.

The long-term occupational exposure limit for
carbon dioxide given in 2006/15/EC European
directive in application of the 98/24/EC is 5,000
ppm / 0.5% (8 hour time weighted average) while
the short term occupationa exposure limit is 15,000
ppm/ 1.5% (15 minutes reference period).

Not applicable, as not intended to be applied in
water.

Not applicable, as not intended to be applied on
food or in water.

Chapter 4: Fate and Behaviour in the Environment

Route and rate of degradation in water

Hydrolysis of active substance and relevant

Photolytic / photo-oxidative degradation of
active substance and resulting relevant
metabolites

Readily biodegradable

Biodegradation in seawater

Non-extractable residues

Dissolved carbon dioxide will react with water to
form carbonic acid.

CO, + H,O < H,CO3

Carbonic acid will undergo further reactionsto
produce bicarbonate and carbonate ions.

H,CO; + OH < HCO 3+ H,O

HCO 3+ OH <> COs” + H,0

The equilibrium constant for the disassociation
reaction is 600. Carbon dioxide is considered to be
hydrolytically stable.

No data.
Thistest is not technically feasible to perform.

No data.
Testing for the ready biodegradability of carbon
dioxideis scientifically unjustified.

No data.
Not required (no exposure of seawater).

No data.
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Distribution in water / sediment systems
(active substance)

Distribution in water / sediment systems
(metabolites)

Route and rate of degradation in soil

Mineralization (aerobic)

Laboratory studies

Field studies

Anaerabic degradation

Sail photolysis

Non-extractable residues

Relevant metabolites - name and/or code, % of
applied a.i.

Soil accumulation and plateau concentration

Adsor ption/desor ption

Ka, Kd
KaOCl KdOC
pH dependence

Fate and behaviour in air
Direct photolysisin air
Quantum yield of direct photolysis

Photo-oxidative degradation in air

Volatilization

Not required (no exposure).

No data.
Not required (no exposure).

No data.
Not required (no exposure).

No data.
Not required (not scientifically justified; no
EXposure).

No data.
Not required (not scientifically justified; no
exposure).

No data.
Not required (not scientifically justified; no
exposure).

No data.
Not required (not scientifically justified; no
exposure).

No data.
Not required (not scientifically justified; no
EeXposure).

No data.
Not required (not scientifically justified; no
exposure).

No data.
Not required (not scientifically justified; no
exposure).

No data.
Not required (not scientifically justified; no
exposure).

Inwater: CO, + H,O «H,CO3
No soil specific data.
Not required (no exposure).

No data.
Not required (no exposure; not technically feasible).

Not applicable.

Not applicable.

Not applicable.
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Monitoring data, if available
Sail

Surface water

Ground water

Air

No data available. Not required (no exposure)

No data available. Not required (no exposure)

No data available. Not required (no exposure)

No data available. Not required (no exposure)

Chapter 5: Effectson Non-target Species

Toxicity data for aquatic species

Species Time-scale

Endpoint Toxicity (mg/l)

Foreword: There are no standard short term or long term toxicity tests available on carbon dioxide to
fish, algae, or micro-organisms or any other aguatic organisms. It was not considered scientifically
necessary to conduct these tests, because under normal conditions of use there will be no exposure of
carbon dioxide in the RADAR unit to the aquatic environment.

Fish

Fish
(Brachydanio rerio)

No validated data from guidelines
studies.

Not required (no exposure)

Invertebrates
Invertebrate No validated data from guidelines
(Daphnia magna) studies.
Not required (no exposure)
Algae
Algae No validated data
(Selenastrum Not required (no exposure)

capricor nutum)

Microorganisms

Not determined.

No validated data
Not required (no exposure)

Effects on earthworms or other soil non-target organisms

Acute toxicity

Reproductive toxicity

Effects on soil micro-organisms

Nitrogen mineralization

Carbon mineralization

Effectson terrestrial vertebrates

No validated data from guidelines studies.
Not required (no exposure)

No validated data from guidelines studies.
Not required (no exposure)

No validated data
Not required (no exposure)

No validated data.
Not required (no exposure)
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Acutetoxicity to mammals
Acutetoxicity to birds
Dietary toxicity to birds

Reproductive toxicity to birds

Effects on honeybees
Acute oral toxicity

Acute contact toxicity

Effects on other beneficial arthropods

Acute ora toxicity
Acute contact toxicity

Acute toxicity to

Bioconcentration

Bioconcentration factor (BCF)

Depuration time (DTso)
(DTg0)

Level of metabolites (%) in organisms
accounting for > 10 % of residues

No validated data
Not required (no exposure)

No validated data
Not required (no exposure)

No validated data
Not required (no exposure)

No validated data.
Not required (no exposure)

No validated data
Not required (no exposure)

No validated data
Not required (no exposure)

No validated data.
Not required (no exposure)

No validated data.
Not required (no exposure)

No validated data.
Not required (no exposure)

No validated data.

Not required (not scientifically justified, no

exposure)

Refer to “Bioconcentration factor (BCF)” (above).

Refer to “Bioconcentration factor (BCF)” (above).
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APPENDIX Il: LIST OF INTENDED USES

Object Member | Product Organisms Formulation Application Applied amount per treatment
and/or Stateor | name controlled Type Conc. | Method | Number Intervals gaslL water | gasm? Remarks
situation Country of as. ) min max between min max | L/m?> | min max
kind applications
(min)
Insects All Controlled The pest organisms | Gas 100% | Fumigant | CO,isused | Not A minimum concentration of 60% | None.
European | Atmosphere | to be controlled application asa applicable, as | v/v carbon dioxide must be
countries | Technology | includethe device. fumigant product isnot | achieved in afumigation bubble.
/ following insect insecticide applied
CO; orders: Dictyoptera ina directly to
Fumigation (cockroaches), fumigation crops or
Bubble Coleoptera bubble built | foodstuffs.
(beetles), 0N purpose.
Lepidoptera
(butterflies and
moths), Psocoptera
(booklice), Acari
(mites) and
Hemiptera (bed
bugs).
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