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Disclaimer

The United Nations Environment Programme (UNEP), the Technology and Economic
Assessment Panel (TEAP) Co-chairs and members, the Methyl Bromide Technical Options
Committee Co-chairs and members, and the companies and organisations that employ them
do not endorse the performance, worker safety, or environmental acceptability of any of the
technical options discussed. Every industrial and agricultural operation requires
consideration of environmental and worker safety and proper disposal of contaminants and
waste products. Moreover, as work continues — including additional toxicity evaluation —
more information on health, environmental and safety effects of alternatives and
replacements will become available for use in selecting among the options discussed in this
document.

UNEP, the TEAP Co-chairs and members, the Methyl Bromide Technical Options
Committee Co-chairs and members, in furnishing or distributing this information, do not
make any warranty or representation, either express or implied, with respect to the accuracy,
completeness, or utility; nor do they assume any liability of any kind whatsoever resulting
from the use or reliance upon any information, material, or procedure contained herein,
including but not limited to any claims regarding health, safety, environmental effect or fate,
efficacy, or performance, made by the source of information.

Mention of any company, association, or product in this document is for information
purposes only and does not constitute a recommendation of any such company, association,
or product, either express or implied by UNEP, the Technology and Economic Assessment
Panel Co-chairs or members, the Methyl Bromide Technical Options Committee Co-chairs or
members, or the companies or organisations that employ them
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Executive Summary

The Methyl Bromide Technical Options Committee

The Methyl Bromide Technical Options Committee (MBTOC) was established by the
Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to
identify existing and potential alternatives to methyl bromide (MB). This Committee,
in particular, addresses the technical feasibility of chemical and non-chemical
alternatives for the current uses of MB, apart from its use as a chemical feedstock.

MBTOC reports to the Technology and Economic Assessment Panel (TEAP) which
advises the Parties on scientific, technical and economic matters related to the control
of ozone depleting substances and their alternatives. MBTOC members have
expertise in the uses of MB and its alternatives. At December 2002 MBTOC had 34
members; 10 (29%) from developing and 24 from developed countries and coming
from 9 Article 5(1) and 10 non-Article 5(1) countries respectively.

Mandate and Report Structure

Under Decision XI/17, taken at the ninth Meeting of the Parties to the Protocol in
1997, the Parties requested the Assessment Panels, to update their 1998 Assessment
reports and submit them to the Secretariat for consideration by the Open-Ended
Working Group and by the fifteenth Meeting of the Parties in 2003.

This MBTOC 2002 Assessment reports on MB usage; the quantities produced and
consumed; existing and potential alternative treatments for uses as a soil fumigant; as
a fumigant of durable commodities and structures; and as a fumigant for quarantine
and pre-shipment (QPS).
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In addition, the report provides sections in response to Decision IX/5(1¢) and also on
methods for reducing MB emissions. Decision [X/5(1¢) notes that, in the light of an
assessment to be made by the Technology and Economic Assessment Panel, the
Meeting of the Parties shall decide in 2003 on further specific interim MB reductions
in Article 5(1) Parties for the period beyond 2005. To aid this assessment, information
is provided on the extent to which alternatives have been tested and evaluated in
Article 5(1) countries, and the results of demonstration projects which examined
efficacy with respect to target pests, ease of application, availability, relevance to
climatic conditions, soils and cropping patterns found in Article 5(1) regions.

General Features of Methyl Bromide

MB is a fumigant that has been used commercially for more than 50 years to control
pests such as fungi, bacteria, soil-borne viruses, insects, mites, nematodes and
rodents. It has sufficient phytotoxicity to control many weeds and seeds in soils. MB
is used mostly for soil fumigation, a lesser amount is used for disinfestation of durable
and perishable commodities and some is used for disinfestation of buildings, ships
and aircraft, and other miscellaneous uses. It has well established uses for quarantine
and pre-shipment treatment of a diverse range of pests and diseases.

It has features that make it a versatile material with a wide range of potential
applications. In particular, it is a gas that is quite penetrative and usually effective
over a broad range of temperatures. Its action is usually sufficiently fast and it airs
rapidly enough from treated systems to cause relatively little disruption to commerce
or crop production.

Methyl bromide was listed under the Montreal Protocol as an ozone depleting
substance in 1992. Control schedules leading to phaseout were agreed in 1995 and
1997. There are a number of concerns apart from ozone depletion that have also led
countries to impose restrictions on its use. These concerns include residues in food,
toxicity to humans and associated operator safety and public health, and detrimental
effects on soil biodiversity. In some countries, pollution of surface and ground water
by MB and its derived bromide ion are also concerns.

Production and Consumption

The latest year for which production and consumption estimates are available is 2000.
MBTOC used primarily the data reported by Parties to the Ozone Secretariat to
estimate total production and consumption. Data gaps were filled by using data from
the previous reported year.

MB production trends

Global MB production for all uses (including QPS and feedstock) in 1998, as reported
to the Ozone Secretariat, was about 75,200 metric tonnes. Ozone Secretariat reports
indicate that global MB production for controlled uses (i.e. excluding QPS and
feedstock) was at least 62,750 tonnes in 1998. This data set is not complete and other
sources indicate that it was somewhat higher. Production for controlled uses was
reported to be at least 49,560 tonnes in 1999 and about 46,050 tonnes in 2000. The
reductions reflect primarily the production controls implemented in non-Article 5(1)
countries. Most MB production occurs in the USA and Israel.
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MB consumption trends

Parties reported MB consumption of about 60,200 tonnes in 1998 (excluding QPS),
although some sources indicate higher consumption. On the basis mainly of Ozone
Secretariat data, MBTOC estimated that, for controlled uses, at least 49,170 tonnes
MB was consumed in 1999 and at least 45,360 tonnes in 2000. Although the data set
is incomplete, the data at country level indicates MB consumption has been reduced
in non-Article 5(1) counties in line with the Protocol requirements.

Controlled MB consumption in Article 5(1) countries rose from about 8,460 tonnes in
1991 to about 17,600 tonnes in 1998, representing an increase of 15% per year on
average. However, since 1998 the consumption has decreased at an average rate of
about 5% per year (1998-2000). Based on Ozone Secretariat data reported so far,
MBTOC estimated the total Article 5(1) MB consumption to be around 16,440 tonnes
in 2000. Between 1998 and 2000, national MB consumption fell by more than 20% in
some Article 5(1) countries, but increased significantly in others.

As at December 2002, the Multilateral Fund had approved 38 MB phaseout projects
that are designed to eliminate almost 8,000 tonnes of MB in Article 5(1) countries.
The projects are scheduled to phase out about 75% of this before 2006. The speed of
planned MB reductions depends on a variety of factors, such as the initial
consumption level, MB uses/crops and national policies. In the 15 countries that plan
full phaseout , MB is scheduled to be reduced at an average annual rate of about
22.5% per year, in a total of 4.4 years on average (range 3-6 years). This includes
countries that are small, medium and large MB consumers.

A number of additional MB phaseout projects are under development by the MLF and
other organisations. The existing and anticipated projects are due to lead to the
phaseout of about 10,000 tonnes MB before about 2007, eliminating more than 50%
of the peak consumption in Article 5(1) regions.

A MBTOC survey of ozone offices and national experts in 2001/2 provided
information on the breakdown of MB uses in major MB-consuming countries. In
2000, an estimated 67% was used for soil and 33% for commodities/structures,
including QPS.

Methyl bromide emissions

Under current usage patterns, the proportions of applied MB eventually emitted to the
atmosphere are estimated by MBTOC to be 40 - 87%, 85 - 98%, 69 - 79% and 90 -
98% of applied dosage for soil, perishable commodities, durable commodities and
structural treatments respectively. These figures, weighted for proportion of use and
particular treatments, correspond to a range of 50 - 87% overall emission from
agricultural and related uses, with a best estimate of overall emissions of 73%, or
40,515 metric tonnes based on production of 55,500 tonnes in 2000.

Methyl Bromide Control Measures

The current control measures, agreed by the Parties at their ninth Meeting in Montreal
in September 1997, can be paraphrased as:
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For non-Article 5(1) Parties operating under the Protocol (developed
countries) a 25% cut in production and consumption, based on 1991
levels, from 1 January 1999, a 50% cut from 1 January 2001, a 70% cut
from 1 January 2003 and phase out by 1 January 2005 with provision for
exemptions for any critical uses. A freeze on MB production and
consumption based on 1991 levels already applies from 1 January 1995.

For Parties operating under Article 5(1) of the Protocol (developing
countries) a 20% cut in production and consumption, based on the
average in 1995-98, from 1 January 2005 and phase out by 1 January
2015 with exemptions for any critical uses. There is also a freeze on
MB production and consumption based on 1995-98 levels from 1
January 2002 which was agreed at the ninth Meeting of the Parties in
1997.

The Protocol provides an exemption under Article 2H para. 6 for all Parties for the
amounts of MB used for QPS purposes. Additionally, certain uses of MB may be
allowed exemptions from phaseout after 2005 if they are deemed to meet the criteria
for “critical uses’ defined by the Parties.

Alternatives to Methyl Bromide

Definition of an alternative

MBTOC defined ‘alternatives’ as those non-chemical or chemical treatments and/or
procedures that are technically feasible for controlling pests, thus avoiding or
replacing the use of MB. 'Existing alternatives’ are those in present or past use in
some regions. "Potential alternatives” are those in the process of investigation or
development.

MBTOC assumed that an alternative demonstrated in one region of the world would
be technically applicable in another unless there were obvious constraints to the
contrary e.g., a very different climate or pest complex.

MBTOC is not required in its terms of reference to conduct economic studies on MB
and alternatives. Additionally, it was recognised that regulatory requirements,
environmental issues and social constraints may make an alternative unavailable in a
specific country or region. MBTOC did not omit alternatives from consideration on
such grounds.

Availability of alternatives

MBTOC could find no existing technical alternatives for about 3,200 tonnes of MB
per annum used for non-QPS treatments. Based on this relatively small consumption
of MB and bearing in mind the above definition of an alternative, there are existing
alternatives for more than 93% of current consumption of MB, excluding QPS.
Significant effort must now be undertaken to transfer, register and implement these
alternatives and to optimise their use.

While an alternative may be technically appropriate as an MB replacement for a given
situation, it may not be available in practice. For example, registration is a
major constraint affecting the availability of certain alternatives, particularly novel
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chemicals or chemicals applied to new uses. In many countries, the pesticide
registration process requires the generation of a substantial amount of health and
safety data. The potential health and environmental risks must be assessed thoroughly
and appropriate mitigation controls put in place before an alternative can be
registered. Overall, the registration and approval process is often costly and
protracted, with the outcome uncertain from the point of view of the potential
registrants. In addition, the market size for a particular MB application may be too
small to justify the commercial risk and investment involved. These problems are
particularly noted where use on foodstuffs is involved and registration costs are high,
such as with MB alternatives for many postharvest applications, including QPS.
However, some countries have registered some alternatives in recent years and some
large MB-volume consuming countries are currently considering registration for
additional alternatives. There is the possibility that further registrations for use will
be completed prior to 2005 phaseout in some non-Article 5(1) countries.

Alternatives for soil treatments

The reduction in consumption of MB for soil fumigation has been the major
contributor to the overall reduction in global consumption of MB as most non-Article
5(1) countries have met or exceeded the 50% reduction schedules for soil use agreed
under the Montreal Protocol.

Since the 1998 MBTOC Report, clearer trends have developed in the adoption of
alternatives to replace MB as a preplant soil fumigant. These include alternatives that
either provide broad-spectrum control of pests, diseases and weeds (e.g. chemicals
and their combinations, steam and solarisation) or cultural practices which avoid the
need for MB.

MB used alone, or in mixtures with chloropicrin, is still being used for preplant soil
disinfestation to manage a similar range of crop/pathogen complexes to those that
were recorded in the 1998 Report. The major crops for which MB is still widely used
in some regions include; cucurbits, pepper, tomatoes, perennial fruit and vine crops,
cut flowers and bulbs, strawberry fruit and turf. MB may also be used in the
production of propagation material for forests, fruit and vine crops, strawberries,
ornamental trees and tobacco.

Although significant progress in alternatives to MB has been made since the 1998
report, MBTOC recognises that the complexity of soil pathogen and weed problems
in different countries and the diversity of environments in agriculture require the
continued development and adaptation of non-chemical and chemical methods.
Further investment in research and technology transfer will be necessary to implement
alternative pest management systems effectively in all countries.

Feasibility and adoption of alternatives to MB may be affected by local availability,
registration status, market requirements, costs, labour inputs and efficacy against
pests, disease and weed complexes and, in some cases, by reduction of crop yield or
quality. Alternatives need to demonstrate sufficient efficacy and yields over several
seasons, before confidence is obtained for their commercial use.

To date, reductions in the amount of MB used for soil disinfestation have been
achieved mainly by the adoption of transitional strategies and to a lesser extent by
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adoption of alternatives in non-Article 5(1) countries. In Article 5(1) countries
reductions have been made largely by adopting alternatives.

The main transitional strategies used include:

MB/chloropicrin mixtures with lower concentrations of MB, the use of lower
doses of MB and/or to a lesser extent the adoption of barrier films.

Less frequent fumigation.
The major alternatives adopted to offset the use of MB include:

Fumigants and other chemical pesticides applied alone or as mixtures. 1,3-
dichloropropene (1,3-D) and mixtures of 1,3-dichloropropene/chloropicrin
(1,3-D/PIC) are the most common fumigant alternatives being adopted,
followed by metham sodium, dazomet and chloropicrin used alone.
Combinations of 1,3-D, PIC, metham and dazomet, with or without additional
herbicides and fungicides, or other non-chemical alternatives have been
proven as effective as MB in research trials, but need further commercial
validation.

Solarisation, alone or combined with biofumigation, has gained wider
acceptance to replace MB in areas with hot climates and where it suits the
cropping season and the pest and disease complex.

Steaming is being adopted for high value crops grown in protected agriculture
e.g. greenhouses, particularly when quick turn around times are required or
where fumigant use is impractical.

Soilless culture is a rapidly expanding cropping practice, primarily for
protected agriculture, which has offset the need for MB, especially in some
floricultural crops, vegetables and seedling production. In particular, flotation
systems, based on soilless substrates and hydroponics, have replaced over 80%
of MB for tobacco seedling production worldwide. The adoption of this
technique is currently expanding into cut flower and some vegetable
production.

Grafting, resistant rootstocks and resistant varieties are commonly used
practices to control soilborne diseases in vegetables, flowers and fruit trees
and are being more commonly adopted as part of an integrated pest control
system. Although grafting is used widely to control specific diseases of many
crops for which methyl bromide is still used, MBTOC did not have the data to
determine the extent to which these practices have replaced MB for soil
disinfestation.

In addition to the above specific technologies, integrated pest management
(IPM) strategies have also been developed for control of pests, diseases and
weeds using combinations of a range of other chemical and non-chemical
alternatives. IPM strategies have been developed for specific pests, climatic
regions and soil types but further development is required in many countries,
before IPM can be expected to provide the broad spectrum control that is
presently achieved by MB.
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Potential alternatives include:

Methyl iodide, propargyl bromide and sodium azide which have each been
demonstrated in research trials to be effective as direct replacements for MB in
some cropping systems where MB is currently used.

Biological control agents, organic amendments, and incorporation of green
manures into the soil, have been subjected to a considerable amount of
research and have a role in integrated systems. Significant advances in the use
of these techniques have been accomplished for the control of soilborne
diseases in horticultural crops. There are specific crop/pest combinations
where green manures have successfully replaced MB when combined with
other methods, particularly solarisation.

MBTOC estimates that the reductions in MB consumption from 1991 baseline
consumption for non-Article 5(1) Parties for soil fumigation result from mainly from
transitional strategies (about 30% of the reduction), use of alternative fumigants and
chemical treatments (10%) and use of soilless systems (5%). Other measures,
steaming and solarisation, account for less than 1% of the present reduction in use,
though they are important as alternatives in some particular situations.

Projects in Article 5(1) countries have demonstrated that a similar range of
alternatives to those in non Article 5(1) countries can be successfully adopted. Costs
and different resource availability can lead to preference for different alternatives in
Article 5(1) compared to non-Article 5(1) countries.

Research has not yet determined conclusively that MB can be replaced in certain
production systems to give similar outcomes, notably certain perennial crops and
some other replant situations, and production of certain propagation materials meeting
legislated requirements for pest-free status. Also, several diseases of certain crops are
proving difficult to control, including root rot of ginseng in China and a soilborne
virus (cucumber green mottle mosaic virus) in Japan. Since the 1998 Report, MBTOC
has revised its estimate of the annual quantity of MB required for these difficult
situations worldwide from 2500 to 3000 tonnes.

Alternatives for treatment of durables, wood products and structures (non-QPS)

Durables are commodities with a low moisture content that, in the absence of pest
attack, can be safely stored for long periods. They include foods such as grains, dried
fruits, cocoa beans, animal feeds and non-foods such as wood products, wool, cotton,
and tobacco. Wood products include artefacts and other items of historical
significance; unsawn timber, timber products and bambooware; wooden packaging
materials and manufactured articles. All these commodities may sometimes be treated
at present with MB for control of insects and other pests.

Structures include entire buildings and portions thereof, including mills, food
production and storage facilities, and transport vehicles, including ships, aircraft,
freight containers and other vehicles, These all may all sometimes be treated with
MB to control stored product or wood destroying insects, rodents and other pests.

It is estimated that approximately 15% of the annual world non-feedstock usage of
MB is for the disinfestation of durable commodities and about 2.5% for structures.
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MBTOC estimates that 5-10% of controlled MB usage for durables has been replaced
since 1998.

There are several existing alternatives to MB for disinfestation of durable
commodities and structures, though MB may be used in preference because of
traditional practice, perceived reliability or speed of action, or for contractual reasons.
The principal alternatives in use for durables are phosphine, heat, cold and contact
pesticides; for wood products, they are sulphuryl fluoride, chemical wood
preservatives, and heat; for structures, they include sulphuryl fluoride, and heat. The
choice of appropriate alternatives is dependent on the commodity or structure to be
treated, the situation in which the treatment is required, the accepted level of efficacy,
the desired speed of action required and the cost, and registration status of
alternatives.

There are a small number of current non-QPS uses of MB for which MBTOC did not
identify any existing alternatives. For durables, these are: disinfestation of fresh
chestnuts, disinfestation of fresh walnuts for immediate sale, stabilisation and
disinfestation of high moisture fresh dates, elimination of seed-borne nematodes from
alfalfa and some other seeds for planting, and control of organophosphate-resistant
mites in traditional cheese stores. In treatment of mills and food processing facilities
where IPM systems have not proved adequate, or are very difficult to implement, and
where heat treatment is not feasible, it may be necessary to resort to occasional use of
MB. In addition there is no recognised alternative for control of fungi in historical
structures. The total requirement of MB for these uses is unlikely to exceed 150
tonnes per annum.

Phosphine is the only available in-kind alternative extensively used on durables.
Cylinder-based formulations are now available in several countries. Phosphine has
the potential to act as a direct substitute for MB in many situations but can also act as
a component of an IPM process to avoid MB use. Its action against pests is much
slower than MB, particularly at low temperatures. Insect populations are capable of
developing resistance to phosphine more readily than MB. There are continued
concerns over potential corrosion of some metals and electronic components that
impact acceptability of phosphine as an MB alternative for some structural
fumigations.

There are several other chemicals that may have some potential as alternatives for
MB, but the small market size, and consequent poor return for investment for
registrants, limits prospects for their availability. This is particularly a problem for
durable and QPS treatments, due to the wide variety of commodities involved. In
addition fumigants require specialist training to achieve adequate standards of safety
and efficacy. Although hydrogen cyanide was once widely used for treatment of
structures and durable commodities, its availability and limitations related to health
and safety issues inhibit its immediate substitution for current uses of MB in many
countries. Ethyl formate, carbon bisulphide, propylene oxide and ethylene oxide have
been or are useful in selected situations. Sulphuryl fluoride is used for controlling
wood destroying pests in residences, other buildings and wood products and
registration is being sought in the US and Europe for commodities. Carbonyl
sulphide is under consideration in Australia for registration for use on various durable
commodities.
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Treatment with controlled atmospheres (CA) based on carbon dioxide or nitrogen
offers an alternative to fumigation for insect pest control, but while the growth of
fungi is inhibited in the atmosphere, growth resumes after treatment. MB has been
replaced in many countries by CA for disinfestation of artefacts. High pressure CO,
acts even more rapidly than MB and is an alternative for some export situations,
though installation costs are relatively high. CA at normal pressure is much slower
acting than MB except at elevated temperatures.

Vacuum technologies using low cost plastic enclosures have recently been
commercialised. These simple systems provide a means of holding an insecticidal low
oxygen atmosphere at low cost, and also they aid the effectiveness of some fumigants.

Where registered for use, synthetic pesticides including contact insecticides and insect
growth regulators may provide persistent protection against reinfestation. Dichlorvos
where registered, can provide a rapid control of externally feeding insect stages in
grain. Contact insecticides are not normally registered for use on processed food
commodities or dried fruit, nuts and cocoa beans. Botanical compounds, such as plant
powders, extracts and oils have minor and traditional applications as insecticides in
Article 5(1) countries.

Physical methods of insect control, including mechanical measures during handling
and processing, cold, heat and irradiation treatments, offer further potential as non-
chemical alternatives in individual circumstances. Cold treatments are now used on
their own in specific situations or, more commonly, as part of [IPM systems for stored
products and artefacts. Heat treatment technologies are increasingly used for
structures and some commodities and match the speed of treatment afforded by MB
and other fast-acting fumigants. Heating can also assist other treatments, for example
fumigants, controlled atmospheres and inert dusts. Inert dusts such as those based on
diatomaceous earth can provide effective pest control in dry grain and as part of an
IPM program in structures.

Alternatives evaluated in Article 5(1) countries — Response to Decision 1X/5(1e)

Several MB alternatives have been selected in Article 5(1) countries for extensive
adoption as part of MB phaseout (investment) projects, following successful
demonstration projects, and progress in MB reductions in Article 5(1) regions.

By December 2002 the Multilateral Fund (MLF) had approved a total of 232 MB
projects in more than 63 countries. This included 44 demonstration projects for
evaluating and customising alternatives, 38 MB investment projects for phasing-out
MB and 150 other projects for information exchange, awareness raising, policy
development and project preparation. Further MB replacement activities have been
funded directly by Article 5(1) countries and/or agricultural producers, bilateral
assistance and the Global Environment Facility.

MB phaseout projects approved to December 2002 are scheduled to eliminate major
uses of MB in 35 Article 5(1) countries. The projects aim to achieve the widespread
commercial adoption of alternatives that were found effective during demonstration
projects and/or used in similar climates and conditions in other countries.

Demonstration projects have been carried out in Article 5(1) countries using a wide
range of chemical and non-chemical alternatives, in diverse situations, climates, soil
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types and cropping systems, and for many different types of MB users, ranging from
small producers with less than 0.5 ha, to medium and large producers, who produce
under low, medium and higher levels of technical sophistication (which does not
necessarily correlate with size of operation).

Twenty-nine demonstration projects evaluated and customised alternatives in the soil
sector, covering all the MB-using major crops in Article 5(1) regions, (tomato,
cucumber, pepper, strawberry fruit, melon, cut flowers, nurseries and tobacco
seedbeds). About 16 of the projects (completed and on-going) evaluated alternatives
for post-harvest uses of MB, such as on stored grains, pulses, peanuts, seeds and
dates.

The completed demonstration projects to date show that for all locations and all crops
or situations tested, except control of ginseng root rot and stabilisation of high-
moisture fresh dates, one or more of the alternatives have proven comparable to MB
in their effectiveness in the control of pests and diseases targeted in the projects in
these Article 5(1) countries. In many cases, combined techniques have provided more
effective results than individual techniques, particularly when they are part of an
integrated pest management (IPM) program.

The results indicate that particular attention needs to be paid to appropriate, effective
application methods. Adapting the alternatives to the specific cropping environment
and local conditions is essential to success. For example, local materials such as
coconut coir and rice hulls have made it possible to adapt substrate systems that
would normally have required know- and how technically-demanding materials (e.g.
rockwool) not widely available in developing countries. These demonstration
projects also showed that the tested alternatives could be introduced into an Article
5(1) country and adapted successfully within 2-3 years, in some cases even including
registration of pesticide products.

The main techniques found effective in demonstration projects and/or being
implemented in follow-up investment projects for the main MB-using crops/uses are:

Tobacco seedbeds: The soilless float system is an effective MB alternative,
applicable to most regions where tobacco is grown. Countries now implementing MB
phaseout projects in tobacco have primarily chosen to adopt float systems. Their use
is increasing in countries like Brazil, Cuba, Zimbabwe, Argentina, Macedonia and
Croatia, and has very good potential in China. In some countries, effective results in
tobacco seedbeds were also achieved with dazomet and dazomet + solarisation.

Cut flowers: Steam + [PM, metham sodium, substrates, and dazomet were all
identified as effective alternatives to MB in diverse conditions. Countries
implementing phaseout projects in the cut-flower sector have chosen to adopt these
same treatments. Steam with organic amendments is used commercially in, for
example, Colombia. Commercial adoption of substrates in greenhouse flower
production is increasing in Colombia, Brazil, Ecuador and many other countries.

Tomato, cucumber, melon, peppers, eggplant and other vegetables: The
demonstrations identified solarisation + biofumigation, solarisation + metham sodium
or dazomet, and grafting as treatments with effects comparable to MB for the control
of soilborne pests and diseases. Examples of commercial use include solarisiation +
metham and solarisation + biofumigation in tomato and pepper production in
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Uruguay. Solarisation with biofumigation is widely used by tomato and cucumber
growers in the Jordan Valley. Use of grafted tomato plants + IPM is now a common
practice among farmers in Morocco and is being introduced in Lebanon. Countries
who are implementing MB phaseout projects for vegetables/melons have chosen to
adopt alternatives such as substrates, grafted plants, direct seeding, solarisation
combined with fumigants or organic matter or biofumigation, and steam + biocontrol
agents.

Strawberries (fruit production): Demonstrations identified metham sodium, dazomet,
solarisation and combinations of these as effective alternatives to MB under Article
5(1) conditions. Solarisation alone or in combination with biofumigation or
Trichoderma was reported as having high potential for commercial adoption in
Turkey. Dazomet + 1,3-D and chloropicrin are being adopted commercially in some
CEIT countries. Countries that are implementing MB phaseout projects in the
strawberry sector have chosen to adopt alternatives such as solarisation combined
with metham sodium or with manure and 7Trichoderma. Biofumigation + 1,3-D and
steam have also been selected, the precise combination of techniques depending on
the climate, the soil type and target pests, as for all other crops.

Banana and fruit trees: Dazomet has proved an efficient alternative to MB for
controlling Moko disease of bananas. This chemical is now widely used commercially
in banana plantations (e.g. in Colombia and the Philippines). Countries who are
implementing MB phaseout projects for banana plan to adopt combinations of steam,
1,3-D, metham sodium or solarisation. For fruit trees Article 5(1) countries plan to
adopt alternative fumigants + selected chemicals for replant problems, and steam or
steam + biocontrols for fruit tree nurseries.

Stored products (durables): Many former storage uses of MB in Article 5(1)
countries have already been replaced by phosphine, as noted in previous MBTOC
reports. In most cases the current choice of alternative treatments lies between
phosphine, carbon dioxide, combinations of these gases with raised temperatures and
high or low pressures, other modified atmosphere systems, heating, and vacuum-
hermetic treatments. While the limited choice at present is strategically undesirable,
the range of available alternatives is expected to increase in future. However, the
techniques available at present can achieve effective (non-QPS) disinfestation of
almost all stored products without recourse to MB.

The completed demonstration projects identified one or more technically effective
alternatives to MB for all the stored products tested, except high moisture fresh dates.
Projects generally concluded that alternatives should be implemented together with
integrated commodity management (IPM) programmes.

The projects found that phosphine was technically effective against target pests in
stored wheat, maize, rice, peanuts for seed, spices and dried fruit. The demonstration
project in Egypt concluded that phosphine (combined with improved gastightness) is
an effective alternative for grains in bag stacks, silos and warehouses. Vacuum-
hermetic treatments were found to provide an effective treatment for cocoa beans in
Cote d’Ivoire. Modern hermetic storage has been recently adopted commercially in
the Philippines for stored grains.

Countries that are implementing MB phaseout projects have chosen to adopt
phosphine with integrated commodity management (ICM) for stored wheat, maize
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and peanuts. For dried fruits they have chosen carbon dioxide with raised
temperature.

The projects described above show that substantial progress has been made in the
identification of suitable alternatives in Article 5(1) countries. They indicate that it
will be technically feasible for Article 5(1) countries to make substantial reductions in
MB use. Experience with demonstration and investment projects to date, such as
those supported by the Multilateral Fund, indicate that the many technical, climatic,
social and economic barriers to MB alternatives can be successfully overcome in
diverse Article 5(1) regions and that alternatives can be adopted within a relatively
few years. Commercial availability of certain alternatives for application in Article
5(1) countries is of continued concern.

Alternatives to methyl bromide for quarantine and pre-shipment applications
(perishables, durable commodities and structures)

Many perishable and durable commodities in trade or storage lose quality and value
when they are attacked by pests such as insects, mites and fungi. These commodities
may also carry pests and diseases that can be a threat to agriculture, health and the
environment. There are a wide variety of QPS measures that can be taken so that any
potential losses and risks can be mitigated, including fumigation with methyl bromide
(MB) or the use of a range of alternatives to MB.

For quarantine and pre-shipment purposes, MB fumigation is currently a preferred
treatment of commodities in trade worldwide, particularly for insect pest control, as it
has a well-established, successful reputation amongst plant regulatory authorities. MB
may also be approved for QPS treatments of snails, nematodes, other invertebrate
pests, some fungi, and vertebrate pests. Mandatory MB treatments may be required if
the pest present is of quarantine concern, and particularly if it is difficult to detect but
there is a risk it is present. In some cases, MB may be used for devitalisation as well
as for disinfestations (e.g. for some cut flower types). Quarantine pests, detected in a
country or region previously free of them, can result in considerable cost caused by
restriction of exports, eradication measures and implementation of disinfestation
treatments if eradication is not achievable.

Article 2H exempts MB used for quarantine and pre-shipment (QPS) treatments from
phaseout, while Decision VII/5(c) urges Parties to adopt recapture technology for
QPS applications. The European Community is one of the few Parties that has placed
conditions additional to those under the Protocol on MB consumed for QPS, including
a cap on the amount that can be used and further reporting requirements. Japan has
mandated application of coloured labels to the cylinders to differentiate MB used for
QPS or non-QPS.

TEAP reported previously that approximately 22% of MB global consumption was
used for QPS treatments. As requested by the Parties in Decision XI/13, MBTOC
will inter alia undertake a survey in 2002 and report in the 2003 on the consumption
and use of MB for QPS treatments.

MBTOC categorised thirteen different categories of alternative treatments such as
heat, cold and irradiation that are approved by regulatory agencies as QPS treatments
in one or more countries for disinfestation of perishable and durable commodities.
Only a small proportion of commodities in commercial trade are treated in the export
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country using these alternatives as most countries have specific requirements for
proving the efficacy for each commodity-pest combination. Post-entry alternative
treatments used by the importing country are particularly problematical because many
alternatives have neither been approved for treating a specific product on arrival, nor
are they easy to implement. To solve this problem, development of a range of
alternatives is urgently needed to cope with a large and highly varied volume of
produce entering via multiple air and sea ports. Such treatments would need to be
able to treat perishable commodities quickly to avoid congestion at busy ports and, for
perishable commodities, allow the product to be placed on the market within a few
hours of receival.

Alternatives to MB for quarantine treatments are difficult to develop and
commercialise. The success of any replacement for MB depends on a number of
factors that include: proven treatment efficacy; commodity tolerance; equipment
design and commercial availability; regulatory approval, often including bilateral or
multilateral agreements; cost competitiveness; and technology transfer, logistical
capability and ease-of-use. Given all of these factors, the time from conception to
implementation of an alternative disinfestation treatment as a quarantine treatment for
perishable and durable commodities can vary from 2 to more than 10 years,
depending mainly on the technical difficulties. On the other hand, a pre-shipment
treatment that, by definition, target non-quarantine pests may require less time for
implementation if the proposed treatment is non-chemical, but it could be equally as
long as a quarantine treatment if registration for use on foodstuffs is necessary.

Existing alternatives to MB for QPS treatment of perishable and durable commodities
are based on (1) pre-harvest practices and inspection procedures; (2) non-chemical
(physical) treatments; and (3) chemical treatments.

For perishable products, pest control based on pre-harvest practices must describe the
cultural techniques leading to pest reduction, they must have an agreement on the area
of the pest-free zones, and be subject to inspection in order to receive certification. In
these cases, regulatory approval depends on a number of factors including knowledge
of the pest-host biology, evidence of commodity resistance to the pest, trapping and
field treatment results, monitoring of pests and diseases, and careful documentation.
Some countries must also maintain a pest-free zone free of pests by placing
restrictions on the movement of commodities into the zone and/or by disinfesting
vehicles and commodities that are categorised as high risk before or on entry.

Non-chemical treatments kill pests by exposure to changes in temperature and/or
atmospheric conditions, or high energy processes such as irradiation and microwaves,
or physical removal using air or water jets. Often a combination of these is required
to kill pests or pest complexes because they can tolerate a single treatment. Chemical
fumigation QPS treatments are often technically feasible for both perishable and
durable foodstuffs, but the range of chemicals is limited at present mainly because
companies are reluctant to make submissions for registration due to the high costs of
demonstrating compliance with health and safety standards and small market for the
product. For non-foodstuffs (e.g. timber, cut flowers) that require a lesser investment
in testing, alternative chemical treatments may be less expensive to develop.

For each category of alternative to MB, MBTOC noted country-specific regulatory
agency approval for specific perishable and durable commodities or several
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commodities within a class (e.g. citrus): 24 heat treatments for 15 perishable
commodities (babaco, cucumber, citrus, mango, papaya, bell pepper, eggplant,
grapefruit, melon, narcissus, pineapple, squash, sweet potato, tomato and zucchini)
and 33 heat treatments for 12 durable commodities (animal feed, bagasse, bulbs,
grain, maize, horseradish, museum artefacts, packing material, rice straw and hulls,
seeds, tobacco and timber); 7 chemical treatments for perishable commodities
(asparagus, bulbs, cut-flowers, ornamental material) and 7 chemical treatments for
durable commodities (bamboo, bulbs, cocoa, cotton, dried fruit, hay, ship holds and
seafreight containers, seeds and dried pods, tick-infested articles, timber and logs,
tobacco and wooden artefacts; more than 240 cold treatments for 27 perishable
commodities (apples, apricots, avocado, carambola, cherries, citrus, clemantines,
durian, ethrog, grapes, grapefruit, kiwifruit, litchi, loquats, nectarines, oranges,
papaya, peaches, pears, persimmons, plums, plumcots, pomegranate, pommelo,
quinces, tangerines and Ya pears) and 4 heat treatments for durable commodities
(items infested with insects in soil, hickory, museum artefacts and pecans); one
example of controlled atmospheres for perishable products (apples) and 12 treatments
for 13 durable products (cocoa, dried figs, cereals, dried fruit, furniture, grain,
museum artefacts, nuts, pulses, rice, seeds, spices and tobacco); 10 combination
treatments for perishable products (apricots, cherimoya, durian, limes, litchi,
ornamentals, seeds for planting and tomatoes) and one combination treatment for a
durable commodity (timber, as logs); 5 examples of irradiation of perishable and
durable commodities (garlic, papaya, carambola, litchi, plums, wooden artefacts); 30
examples of pest-free zones for 9 perishable commodities (cucurbits, grapes,
kiwifruit, immature banana, melons, nectarines, peaches, strawberries and tomatoes);
6 examples of pre-shipment inspection for perishables (apples, apricots, cut-flowers,
garlic, nectarines and vegetables); and three examples of the systems approach for
perishables (apples, avocado and citrus). In summary, MBTOC noted more than 300
alternatives approved for quarantine treatment of perishables and more than 70
approved as QPS treatments for durable commodities.

Currently, there are no approved alternatives to MB for QPS for exports such as
apples, pears, stonefruit and walnuts that are hosts to codling moth; for internal
quarantine pests of berryfruit; for grapes infested with mites exported to some
countries; for many root crops exported by countries if soil is present or pests of
concern are detected on arrival; for cut-flowers (roses, carnations and statice) exported
to Europe, USA, Scandinavia and Japan; for logs imported into the European Union
potentially contaminated with oak wilt fungus; for ship hold disinfestation in most
countries; and for seed-borne nematodes potentially infesting seeds for planting.

Reduction of Emissions from Methyl Bromide Use

Emissions from fumigation operations occur through leakage and permeation during
treatment (inadvertent emissions) and from venting at the end of a treatment
(intentional emissions). Estimates of the proportion of MB used that is released into
the atmosphere vary widely because of: differences in usage pattern; the condition and
nature of the fumigated materials; the degree of gas-tightness; and local
environmental conditions. Some MB may also be converted to non-volatile materials
making it incorrect to equate production with emissions.

Emission volume release and release rate to the atmosphere during soil fumigation
depend on a large number of key factors. Of these, the type of surface covering and
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condition; period of time that a surface covering is present; soil conditions during
fumigation; MB injection depth and rate; and whether the soil is strip or broadacre
fumigated are considered to have the greatest effect on emissions. Under ideal
conditions, when all these factors are controlled and impermeable films are used,
emission volumes as low as 3% have been observed. It is unlikely, however, that
these results will ever be repeated in the field due to the handling difficulties of laying
plastic sheets during fumigation and leakage from the edges, tears, cracks and other
events. The use of Virtually Impermeable Film (VIF) sheeting and reduced
application rates of MB, offer the greatest potential for immediate reduction of
emissions from soil fumigations during the interim phaseout period and for any post-
phaseout critical use exempted treatments. Use of VIF has been mandated in the EU.
However, elsewhere, cost and several non-air quality related environmental and health
issues (recycling, disposal and possibility of increased bromide ion concentration in
soil) are seen as barriers to their adoption.

For commodity and structural fumigations, techniques such as improved sealing of
enclosures for decreasing MB leakage are in limited use world-wide. Their adoption
is constrained particularly by lack of incentives, lack of promotion of relevant
technologies and by perceived or real increases in costs and logistical problems. A
high degree of containment is a prerequisite for efficient recovery of the used MB.
Many facilities used for fumigating perishables, particularly for quarantine, already
have a high standard of gastightness leading to very low leakage rates (often less than
5% of applied dosage).

There has been limited research into the development of recovery and recycling
systems for MB. Systems reported on in the 1998 MBTOC report would have had
high running costs associated with energy requirements and many would require a
level of technical competence to operate, not normally found at fumigation facilities.
Since then two systems based on activated carbon absorption have been
commercialised. There are now several examples of recovery equipment in current
commercial use. Adoption of these systems has been driven by considerations other
than ozone layer protection, e.g. local air quality.

Practically, the scope for recovery of MB after fumigations is likely to be restricted to
treatments carried out in enclosures, i.e. space fumigations of commodities, structures
and transport, with subsequent destruction of the captured MB. At this time no system
for recovery of MB from soil fumigation has been commercialised and there are no
systems known to MBTOC under development. Furthermore, since the phaseout of
MB for soil uses in non-Article 5(1) countries is imminent (2005), such systems are
unlikely to be developed. In 2000, total space (durables, perishables and structures)
treatments in

Article 5(1) and QPS uses in non-Article 5(1) countries were 10,600 - 12,300 tonnes.
On

the basis of 70% recapturable MB, this corresponds to about 8,000 metric tonnes

of emissions that could be prevented from entering the atmosphere by the

fitting of recapture and destruction equipment.

Unlike some other ozone depleting substances where the interim needs of Article 5(1)
countries can be met in part by banks of recycled material, it is unlikely that this
method will be practical for MB. This is because some of the MB used in any
application reacts and breaks down (it is not unusual to lose most of the MB applied
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in some more reactive commodities such as oilseed meals). Some Parties may not
permit reuse of recaptured MB as it does not conform to their labelling requirements.

If recovery is to be recognised as an acceptable method of reducing MB emissions to
the atmosphere, it will be necessary to set specifications on aspects of fumigation such
as equipment efficiency and acceptable levels of emission.
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Introduction to the Assessment

2.1 Methyl Bromide

Methyl bromide (MB) is a fumigant that has been used commercially for more than 50 years
to control a wide spectrum of pests including fungi, bacteria, soil-borne viruses, insects,
mites, nematodes and rodents. A major amount of MB is used for soil fumigation, a
moderate amount for disinfestation of durable and perishable commodities, while a minor
amount is used for disinfestation of buildings, ships and aircraft.

MB has features that make it a versatile and convenient material for many pest control
applications. In particular, it is quite penetrative, reaching pests located in relatively
inaccessible locations in soil, commodities, buildings and vehicles. Treatment periods
including venting and aeration vary from 2-3 hours to several days according to target
pest(s), the concentration required for efficacy and other specifications and regulations.

Although MB is clearly a most useful pest management technique in specific instances, it
was listed under the Montreal Protocol as an ozone depleting substance (ODS) in 1992. A
phaseout schedule was subsequently agreed by Parties (Table 2.1).

There are also a number of concerns, apart from ozone depletion, that have led countries to
impose restrictions on its use. These concerns include: residues in food; toxicity to humans
and associated operator safety and public health; and detrimental effects on soil biodiversity.
In some countries, pollution of surface and ground water by MB and derived bromide ion is
also of concern.

2.2 MBTOC Mandate

The Methyl Bromide Technical Options Committee (MBTOC) was established in 1992 by
the Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to identify
existing and potential alternatives to MB. MBTOC, in particular, addresses the technical
feasibility of chemical and non-chemical alternatives for the uses of MB, apart from its
minor use as a chemical feedstock. MBTOC reports to the Technology and Economic
Assessment Panel (TEAP) that advises the Parties on scientific, technical and economic
matters related to ozone depleting substances and their alternatives.

Information contained in MBTOC’s reports contributes to the Parties’ deliberations on
appropriate controls for MB.
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Table 2.1 Phaseout schedule agreed at the Ninth Meeting of the Parties in 1997

Year Non-Article 5(1) Article 5(1)
1991 Consumption baseline
1995 Freeze
1995-98 average Consumption baseline
1999 25% reduction
2001 50% reduction
2002 Freeze
2003 70% reduction Review of reductions
2005 Phaseout 20% reduction
2015 Phaseout

Critical and emergency uses may be permitted after phaseout if they meet agreed criteria.
Quarantine and pre-shipment (QPS) uses are exempt from reductions and phaseout.

Decisions encouraging advanced phaseout:

o  Countries may take more stringent measures than those required by the schedules (Article 2 of the Montreal
Protocol).

e Inapplying the QPS exemption, all countries are urged to refrain from use of MB and to use non-ozone-
depleting techniques wherever possible (Decision VII/5).

e A number of developing and industrialised countries signed Declarations in 1992, 1993, 1995 and 1997 stating
their determination to phase out MB as soon as possible.

2.3 Committee Process and Composition

At December 2002 MBTOC had 34 members; 10 (29%) from developing and 24 from
developed countries and coming from 9 Article 5(1) and 10 non-Article 5(1) countries
respectively. Representation from diverse geographic regions of the world promotes
reasonably balanced documentation of alternatives to MB, based on the wide-ranging
expertise of Committee members. Most Article 5(1) MBTOC and many non-Article 5(1)
members were nominated by their governments.

MBTOC members participate in a personal capacity as experts and do not function as
representatives of governments, industries, non-government organisations (NGOs) or others.
Members of MBTOC contribute substantial amounts of work in their own time. For
construction of this Assessment report, MBTOC met formally in Brussels (2001) and
Acapulco (2002). To produce each chapter as efficiently as possible, MBTOC members
were divided into sub-committees and topics affecting all chapters were discussed and
agreed in plenary. Much of the text of this Assessment was drafted in committee during the
formal meetings. Additionally the work was progressed through informal meetings
associated with international conferences (San Diego 2001, Orlando 2002). The Assessment
was finalised by email, to produce a consensus document of the Committee.

MBTOC members and sub-committee chairs for the working groups within MBTOC are
listed in Appendix 1. The subcommittee chairs acted as coordinators and lead authors for the
main chapters of this Assessment.
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2.4 UNEP Assessments

The first interim assessment for the Protocol on MB was completed in 1992. A full
assessment of the alternatives to MB was completed in 1994 and reported to the Parties in
1995 (MBTOC 1995) as a result of Decisions taken at the fourth Meeting of the Parties to
the Montreal Protocol held in Copenhagen. The second MBTOC Assessment was presented
to Parties in 1998 (MBTOC 1998). MBTOC progress reports on advances in alternatives to
methyl bromide and other issues related to methyl bromide were included in annual TEAP
reports to the Parties (1999, 2000, 2001, 2002). An index to methyl bromide alternatives
discussed in TEAP and MBTOC reports can be found at http://www.teap.org.

Under Decision XI/17, taken at the ninth Meeting of the Parties to the Protocol in 1997, the
Parties requested the Assessment Panels, to update their 1998 Assessment reports and
submit them to the Secretariat for consideration by the Open-Ended Working Group and by
the fifteenth Meeting of the Parties in 2003.

This MBTOC 2002 Assessment reports on MB usage; the quantities produced and
consumed; existing and potential alternative treatments for uses as a soil fumigant; as a
fumigant of durable commodities and structures; and as a fumigant for quarantine and pre-
shipment (QPS). It includes methyl bromide-related material from the annual updates
provided by TEAP.

In addition, the report provides sections in response to Decision [X/5(1¢e) and also on
methods for reducing MB emissions. Decision IX/5(1e) notes that, in the light of an
assessment to be made by the Technology and Economic Assessment Panel, the Meeting of
the Parties shall decide in 2003 on further specific interim MB reductions in Article 5(1)
Parties for the period beyond 2005. To aid this assessment, information is provided on the
extent to which alternatives have been tested and evaluated in Article 5(1) countries, and the
results of demonstration projects which examined efficacy with respect to target pests, ease
of application, availability, relevance to climatic conditions, soils and cropping patterns
found in Article 5(1) regions.

2.5 Definition of an Alternative
In this report, MBTOC defined alternatives as:

"those non-chemical or chemical treatments and/or procedures that are technically
feasible for controlling pests, thus avoiding or replacing the use of MB. 'Existing
alternatives' are those in present or past use in some regions. 'Potential alternatives'
are those in the process of investigation or development.

MBTOC assumed that an alternative demonstrated in one region of the world would
be technically applicable in another unless there were obvious constraints to the
contrary e.g., a very different climate or pest complex.

MBTOC is not required in its terms of reference to conduct economic studies on MB
and alternatives. Additionally, it was recognised that regulatory requirements,
environmental issues and social constraints may make an alternative unavailable in a
specific country or region. MBTOC did not omit alternatives from consideration on
such grounds.'

2002 MBTOC Assessment Report 19



2.6 Report Structure

Chapter 3: Methyl Bromide Production, Consumption and Limitations on Use provides
information on the technical and legislative restrictions on MB use and consumer/market
limitations in addition to information on production and consumption by sector.

Chapter 4: Alternatives to Methyl Bromide for Soil Treatment covers a range of alternatives
for this currently major MB-use area. Discussion includes:

e (Cultural practices (crop rotation, soilless culture, organic amendments, biofumigation,
planting time, water management and flooding, mulching, cover crops and sanitation).

¢ Biological control, plant growth promoting rhizobacteria, resistant plant varieties and
grafting of annual and perennial crops.

¢ Physical methods such as soil solarisation and steam treatments.
e Strategic applications of specific pesticides.
e Combination treatments for obtaining greater efficacy and reducing dosage.

Chapter 5: Alternatives to Methyl Bromide for Treatment of Durables, Wood Products and
Structures includes discussion on:

e Alternative fumigants (in-kind replacements for MB)

e [PM approach combining several different measures.

e Controlled atmospheres and vacuum technologies.

e Physical measures such as mechanical treatments, cold, heat, irradiation and inert dusts.
e Contact insecticides for persistent protection against re-infestation.

¢ Biological agents and botanical compounds as part of [IPM systems.

Chapter 6: Alternatives Evaluated in Article 5(1) Countries — Report on Decision IX/5(1e)
provides information in response to Decision IX/5(1e) and highlights key factors facing
developing countries including:

e MB usage trends.

e MB projects supported by the Multilateral Fund and others.
e Results of demonstration projects on MB alternatives.

e MB phaseout projects and scheduled MB reductions.

e Examples of alternatives in commercial use.

Chapter 7: Quarantine and Pre-shipment covers MB and alternative treatments for
Quarantine and Pre-shipment (QPS) of durable and perishable commodities, including
discussion of :

e cxisting MB treatments.
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e approved alternative treatments.

e situations where MBTOC did not identify alternatives.
Chapter 8: Reducing Methyl Bromide Emissions discusses:
e Inadvertent and intentional MB emissions.

e Emissions estimated from soil, perishable and durable commodities and structural
treatments.

e (Containment techniques.
e Developments in MB recovery and recycling systems.

Chapter 9: Case studies on MB alternatives in commercial use contains descriptions of
applications of MB alternative technology in various circumstances, covering:

e Fruit and vegetable production.
e Ornamentals and tobacco

e Postharvest applications.

The Appendix contains:

e List of MBTOC members and their contact details (Appendix 1).
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Methyl bromide production, consumption and limitations
on use

3.1 Introduction

Methyl bromide (MB) has features that make it a versatile and convenient material for many
pest control applications. Exposure periods and concentrations depend on the system under
treatment and the target pest(s); and quarantine, contractual, regulatory and other
specifications.

This chapter has been written in 4 sections. The first gives a general overview of the uses of
MB; the second discusses production and supply; the third consumption and usage by sector
and application methods; and the final section discusses the technical and legislative
limitations affecting further use of MB including market forces, food retailer policies, eco-
labelling and levies.

3.2 Uses of Methyl Bromide

For uses that exceed 400 tonnes per annum worldwide, MB can be divided into the
following categories:

In soil: e as a preplant treatment against insect, nematode and fungal
pests and for weed control in production of cut flowers,
strawberries, cucurbits, tomatoes, peppers and eggplant;

e as a replant treatment for vines or deciduous fruit trees against
'replant disease';

e as a treatment of seed beds principally against fungi for
production of a wide range of seedlings, notably tobacco;

e as a treatment to ensure production of pest-free propagation
stock, e.g. strawberry runners.

In durables:

as a treatment against insect pests for cereal grains and similar
commodities in storage to restrict damage to the commodity
and at point of import or export as quarantine, phytosanitary
or contractual measures;
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e to control pests of dried fruit and nuts in storage and trade;

e as a quarantine measure for treatment of exported or imported
timber and wooden pallets, principally against insects and
some fungal pests.

In perishables:

as a phytosanitary or quarantine treatment against insect pests
in many fresh fruit, vegetables and cut flowers in export trade.

In structures as a treatment for food facilities, flour mills and other
and transport: buildings against established insect infestations;

e as a treatment of ships and freight containers, either empty or
containing durable cargo, against rodents and insect pests,
often as a quarantine or contractual measure.

3.3  Production and Supply

MB has a boiling point of 4°C under normal atmospheric pressure. It is normally supplied
and transported as a liquid in pressurised steel cylinders or cans. Typically the cylinders
range in size from 10 kg to 200 kg capacity. There is also trade in larger cylinders of up to
18 tonne capacity and in small disposable steel cans, typically of 0.4 — 1 kg capacity.
Decision VIII/14 recognises supply in all of these forms as ‘trade in bulk’. MB is usually
applied directly from the cans or cylinders in which it is transported, though it may also be
decanted from large cylinders and directly applied. Decanting is not permitted in some
countries. Supply in small disposable cans or cylinders is common in some regions of the
world.

3.3.1 Production for all uses

Estimates of MB production for all purposes, from 1984 to 2000, are given in Table 3.1 and
graphed in Figure 3.1. The figures for 1984-1996 were previously reported by MBTOC
(1995), while figures from 1997-2000 were derived from the Ozone Secretariat data
available in 2002. Gaps in the data set, where possible, were filled by carrying forward
estimates from previous years. The estimates presented in Table 3.1 are the best available to
MBTOC at this time. However, several gaps and inconsistencies remain, and industry
sources indicate that the total production might possibly be significantly greater than the
figures reported below.

The global production of MB for all uses in 1998 (including QPS and feedstock), as
reported to the Ozone Secretariat in 2002, was about 75,200 tonnes. Taking account of the
gaps in the data set, production was likely to have been at least 75,727 tonnes in 1998.
Global production in 2000 was estimated to be approximately 70,000 tonnes. While MB
production for fumigant uses, including for QPS uses, appears to have been reduced in
2000, production for chemical feedstock appears to have tripled compared to previous years.
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Table 3.1 Reported production (metric tonnes) of methyl bromide, 1984-2000

Year Chemical feedstock Fumigant, Total production
including for QPS

1984 3,997 41,575 45,572
1985 4,507 43,766 48,273
1986 4,004 46,451 50,455
1987 2,710 52,980 55,690
1988 3,804 56,806 60,610
1989 2,496 60,074 62,570
1990 3,693 62,206 65,899
1991 4,071 72,689 76,760
1992 2,658 72,967 75,625
1993 3,000 71,157 74,157
1994 3,000 71,621 74,621
1995 2,458 66,339 68,857
1996 2,759 68,666 71,425
1997 3,000(a) 69,209 72,209 (b)
1998 4,448 71,279 75,727 (b)
1999 4,453 61,391 65,844 (b)
2000 13,132 56,599 69,731 (b)

(a) estimate

(b) Industry sources indicate that total production might be significantly greater than the figures
reported in this table.

Data Sources: 1984—1996: Estimates from MBTOC 1998 Assessment. 1997-2000: Estimated from
Ozone Secretariat data of April & October 2002; gaps in data set were filled by carrying forward
estimates from previous years where possible
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Figure 3.1 Trend in global reported production of methyl bromide for fumigant uses
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3.3.2  Production for controlled uses

Global: Ozone Secretariat reports to date indicate that global production for controlled uses
of MB (i.e. excluding feedstock and QPS) was at least 62,750 tonnes in 1998. Other sources
indicate that it was higher. Global production for controlled uses was estimated to be at
least 49,560 tonnes in 1999 and about 46,120 tonnes in 2000, as preliminary estimates.

Non-Article 5(1) regions: In line with Montreal Protocol requirements, non-Article 5(1)
countries have reduced their controlled production from about 66,000 tonnes in 1991
(baseline) to about 32,050 tonnes in 2001, representing a reduction of 51%.

Article 5(1) regions: Atticle 5(1) production increased from approximately 445 tonnes in
1991 to an estimated average of 1,324-1,400 tonnes in 1995-98 (baseline). Production in
China increased substantially in the 1990s following a joint partnership agreement with an
Israeli MB producer. Article 5(1) production was about 2,572 tonnes in 2000, accounting for
about 6% of production for controlled uses. Initial reports for 2001 show that MB
production in Article 5(1) countries was around 2,500 tonnes, indicating that the upward
trend may have halted in the production for controlled uses.

3.3.3  Regions of production

MB is currently produced in 3 Article 5(1) countries (China, India and Romania) and 5 non-
Article 5(1) countries (France, Israel, Japan, Ukraine and USA), as indicated in Table 3.2.
The list of MB manufacturers may not be complete. In the past, production also occurred in
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the Democratic People’s Republic of Korea, but MB production ceased around 1995 (Pak
Chun I1, pers. com, 1999).

Israel and the USA remain the major producers, accounting for 44% and 37%, respectively,
of global production for controlled uses. Together, the USA and Israel accounted for 81% of
controlled production in 2000.

Table 3.2 Methyl bromide manufacturing companies and countries

Country MB manufacturers in 2000

China Lianyungang Seawater Chemical First Plant / Lianyungang Dead Sea
Bromine Co. Ltd, Jiangsu Province

Linhai Jianxin Chemical Co Ltd, Zhejiang
Changui Chemical Plant, Shandung

France EIlf Atochem SA, France

India M/S Tata Chemicals Ltd, Mithapore, Gujurat State
Israel Dead Sea Bromine Ltd, Beer Sheva

Japan Teijin Chemicals Ltd, Mihara, Hiroshima Prefecture

Sanko Chemical Industry Co. Ltd, Samukawa, Kanagawa Prefecture
Nippoh Chemicals Co Ltd, Isumi, Chiba Prefecture
Dohkai Chemical Industry Co. Ltd, Kitakyushu, Fukuoka Prefecture
Chemicrea Co Ltd, Chiba, Chiba Prefecture

Romania SC Sinteza SA, Oradea

Ukraine Saki Chemical Plant, Saki, Crimea
USA Great Lakes Chemical Corp, Arkansas

3.4  Consumption and Usage

3.4.1 Reported consumption for controlled uses

Global: Global consumption of MB for controlled uses was estimated to be about 64,550
tonnes in 1991 and remained above 60-63,000 tonnes until 1998. On the basis of Ozone
Secretariat data available in October 2002, global consumption was estimated to be at least
60,200 tonnes in 1998, 49,170 tonnes in 1999 and 45,360 tonnes in 2000.

Non-Article 5(1) regions: Controlled MB consumption in non-Article 5(1) countries has
been reduced from about 56,100 tonnes in 1991 (baseline) to about 28,900 tonnes in 2000.
The data set for consumption in 2001 is virtually complete and indicates that consumption
was less than 24,820 tonnes, representing a 56% reduction from the baseline. This indicates
that non-Article 5(1) regions have reduced MB consumption in advance of the Montreal
Protocol schedule, i.e. 50% reduction in 2001. Figure 3.2 shows the trend in MB
consumption in non-Article 5 regions.
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Article 5(1) regions: Figure 3.3 shows the trends in Article 5 regions. Controlled MB
consumption in Article 5(1) countries rose from about 8,460 tonnes in 1991 to about 17,600
tonnes in 1998, representing an increase of about 15% per year on average. However, based
on data available to date, Article 5(1) consumption was reduced to about 16,440 tonnes in
2000, indicating an annual average reduction of about 3% per year between 1998 and 2000.
While certain Article 5(1) countries continue to increase consumption, national consumption
was reduced by more than 20% in some Article 5(1) countries in the period 1998-2000.

Consumption in Article 5(1) regions is expected to rise overall during 2001 and then fall
rapidly from 2002 as a result of MB phaseout projects currently being implemented. By
December 2002 the Multilateral Fund had approved 38 MB phaseout projects which are
designed to eliminate almost 8,000 tonnes of MB in Article 5(1) countries. The projects are
scheduled to phaseout about 75% of this tonnage before 2006. Additional projects are under
development. The existing and anticipated projects are due to lead to the phaseout of about
10,000 tonnes MB before about 2007, eliminating more than 50% of the peak consumption
in Article 5(1) regions.

Figure 3.2 Trend in reported MB consumption in non-Article 5(1) countries (tonnes)
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Footnote: MB use in Israel in 1995-6 was assumed to be same as in 1991, although official statistics report negative MB
consumption.

3.4.2 Usage by sector

A MBTOC survey of ozone offices and national experts in 2001/02 provided information on
the breakdown of MB uses in major MB-consuming countries in 2000, a sample covering
about 70% of global MB use. The results of this sample indicated that approximately 74%
was used for soil and approximately 26% for commodities/structures, including QPS. The
estimated proportions for major sectors were: soil 74%, durable commodities 15%,
perishable commodities 8.5% and structures 2.5% (shown in Figure 3.4). The relative
proportions appear to have changed little since the MBTOC Assessment in 1994, which
provided estimates as follows: soil 75%, durable commodities 13%, perishable commodities
9% and structures 3%.
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With almost all use of MB on perishables and an estimated 80% of that on durables falling
into the uncontrolled QPS category, it can be seen that soil treatments comprise about 93%
of controlled uses.

Figure 3.3 Trend in reported MB consumption in Article 5(1) regions (tonnes)
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Footnote: Regions in this figure correspond to the regions of UNEP’s ozone networks.

Figure 3.4 Analysis of global methyl bromide fumigant use by major sector, 2000
estimate, including QPS.
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3.4.3 Quarantine and pre-shipment

The Ozone Secretariat data shows that more than 11,410 tonnes MB was produced for QPS
in 1999, and other estimates indicate that production for QPS may have been about 11,825
tonnes. Information available to date for 2000 indicates a range of 10,475 — 11,800 tonnes
MB production for QPS purposes, accounting for about 19-21% of fumigant production.
When the figures are estimated on the basis of use data (see Table 7.1), rather than
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production reports, the estimated range for QPS consumption is 10,600 - 12,300 tonnes,
accounting for about 19 - 22% of global consumption in 2000. Thus the production-based
and consumption-based estimates are in good agreement, given the uncertainties involved in
both estimates. In Article 5(1) regions the percentage of MB used for QPS is higher than in
non-Article 5(1) regions.

In some countries the proportion of MB used for QPS is greater than 25% of national
consumption. The use of MB for QPS continues to increase in specific countries and
sectors, notably for the treatment of timber pallets.

However, in recent years QPS uses have also been reduced substantially in certain countries,
as the following examples illustrate:

e Japan reduced its use of MB for QPS from 2703 tonnes in 1994 to 1480 tonnes in
2001 (-45% change)

e Israel reported QPS of 853 tonnes in 1997 and 319 tonnes in 2000 (-62% change)

e Mexico reported QPS of 1252 tonnes in 1997 and 359 tonnes in 2000 (-71% change)
3.5 Application Methods

3.5.1 Soil fumigation
MB is applied by manual application or mechanised injection.

Manual application: Manual application involves applying MB to soil which has been pre-
tarped with plastic sheets. The main method in this application is the so-called ‘hot gas’
method where liquid MB from cylinders under pressure is vapourised in a heat exchanger
and then introduced under the plastic covers.

World wide, except for the USA and several other countries, this is the principal method of
application and almost exclusively the method used in fumigating soil in greenhouses (glass
and plastic houses). In many countries, this method is widely used for outdoor fumigation.
In some situations, field fumigation is carried out with mulched strips (strip fumigation) of
0.8 - 1.2 m wide, particularly for row crops such as cucurbits, tomatoes and peppers.

When applied from small steel cans of less than 1 kg capacity, MB is not normally
vapourised, but discharged directly from the can under its own pressure, preferably using a
specially developed opener. This can be done so as to release MB under the plastic cover
without damage to the cover.

MB is often supplied as a mixture containing 2% chloropicrin, added as a warning agent in
many instances to comply with national safety regulations.

Mechanised injection: The second method involves mechanised injection and is the
principal method used in the USA, several European countries, Israel, Australia and South
Africa. MB from cylinders is applied by injecting the fumigant at a controlled depth,
typically 10 - 25 cm into the soil (called ‘shallow injection’) the treated area being
simultaneously sealed by plastic sheeting. The process is normally carried out as a broad-
acre fumigation where one sheet is glued to the previous one. However, some MB
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application is done under strips of plastic with the edges of the strips buried by the
machinery in the soil.

Another system of mechanised injection is ‘deep injection’ (approximately 80 cm depth) of
MB without covering the area with plastic sheets. Deep injection of MB is carried out
mainly prior to planting and replanting in deciduous orchards, vineyards and other
plantations, mainly in the USA.

A variety of mixtures of MB and chloropicrin are used in this type of fumigation. Until
recently the predominant mixture used was MB containing 2% chloropicrin. The
chloropicrin was added as a warning agent, not as an active ingredient. With restriction of
supplies of MB under the Montreal Protocol control measures there is now a much
increased use of formulations of MB with high concentrations of chloropicrin, typically 30 -
70% chloropicrin, with the chloropicrin added as an active agent (see Chapter 4). High
concentrations of chloropicrin are in use particularly in non-Article 5(1) countries.

3.5.2 Commodities and structures

MB is applied to commodities (durables and perishables) and structures either as a
vapourised gas or directly from the cylinder supply. In the latter process, MB is typically
applied directly from the cylinder through a narrow bore application line (or series of lines)
culminating in an atomising jet or series of jets which are designed to enhance the speed of
vaporisation of the fumigant. The rate at which the liquid fumigant becomes a vapour is
largely dependent on the ambient air temperature. These lines and jets are laid out either on
the commodity, or throughout the structure, to try to ensure an even distribution of
fumigant. Alternatively, MB is passed through a heat exchanger which vaporises the
fumigant before it is applied through suitably perforated distribution pipes, again laid out in
such a way to facilitate even MB distribution.

The dose of MB is calculated according to label, contractual, or legislative (e.g. quarantine)
requirements. The required dose is applied by weighing the cylinder of liquid MB and
allowing the correct amount to be released, taking into account the volume of space and
commodity.

In the case of fumigation facilities for commodities, this will vary from well-sealed,
purpose-built fumigation chambers (portable and fixed) to very poorly sealed bagged stacks.
In between these extremes, are ships’ holds (some