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Abstract

International agreement to phase out the fumigant Methyl bromide (MeBr) will have
serious implications for pest and disease control in Australia, particularly grain pest control,
quarantine usage on fresh horticultural produce and control of soil pathogens or nematodes.
Irradiation is a practical alternative but is not currently approved for use in Australia. Other
options are available but none of the viable methods except irradiation have the short application
time needed for treatment of grains found to be infested during loading at export. This usage is
vital, as Australian grain is exported at very high standards of freedom from insects, assured by
Government regulatory requirements. Irradiation is contrasted against other alternatives
including heat and cold, especially for fresh horticultural produce.

1. INTRODUCTION

In Australia Methyl Bromide (MeBr) is widely used as a fumigant for the control of pests of
stored grain, pests of timber, soil insects, soil nematodes, soil pathogens of plants, and as a quarantine
treatment against pests of fresh horticultural produce and pests and diseases in propagation material.
If the announced intention to phase out its use internationally, commencing from the year 2000 goes
ahead [1], there will be no single replacement treatment appropriate for Australian requirements.
However, MeBr was not at any time the only option for many uses and for some commodities it was
not an appropriate or preferred treatment. A further disincentive for use of MeBr in Australia is the
recent revision of the Maximum Residue Level (MRL) to 50 parts per billion (ppb), a 100 fold
reduction. Irradiation will be a potential alternative for almost all purposes except field soil
disinfestation and disinfection, and probably, logs for quarantine purposes and timber in service. Soil
usage is responsible for more than half of the MeBr currently used in Australia.

Consumer preference in Australia as with most other countries in the world is for food free of
pesticide residues regardless of their level of health hazard. Although fumigants tend to leave less
residue than chemical dips, sprays, or dust applications, residues are detectable and this will increase
with increasing sophistication of analytical technology. Therefore, future insect disinfestation, plant
pathogen disinfection, and plant and seed devitalization need to use residue free technology based on
physical rather than chemical options wherever possible. Irradiation is one option which needs to be
considered seriously. At present in Australia, irradiation is not an approved treatment for food for
human consumption, but a recent government decision approved its use on food for export when the
buyer requests it. There is little reference material on this topic [1], [2], [3], [4] and considerable
reliance has been placed on personal communication with sources given in Acknowledgments.

2. RELEVANT CURRENT USES OF MeBr IN AUSTRALIA

Grain of cereals, maize, sorghum, birdseeds, and legume seeds for human and animal
consumption is protected against insect and mite pests in Australia by a range of pest management
procedures. Options include insecticide additives, temperature reduction by natural or refrigerated
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aeration, reduction of moisture content, hermetic sealing of storages after fumigation or atmosphere
modification with carbon dioxide or nitrogen, insect proof packaging, heat disinfestation and
manipulation of handling operations such as cleaning or grading procedures, or vertical impact when
grain is relocated in vertical or horizontal storages involving high velocities and rapid decelerations.
Products such as flour are sometimes disinfested mechanically by impact from a spinning bar known
as an "entoleter" in the flow path.

Fumigation is done with MeBr or phosphine, each of which has preferred uses. The major
advantage of MeBr is the short time needed to disinfest grain, 5 -24 hours with MeBr compared to 5
- 12 days for phosphine. This makes it ideal for disinfestation of grain found to be infested at export
or as a phytosanitary requirement of a contract of sale. It also has the advantage of not having
temperature or relative humidity constraints at the time of fumigation such as apply to phosphine.
Against these advantages are its legislative restriction to specially licensed operators and deleterious
effects on germination, which cannot be alleviated entirely, of malting barley and seeds, and control
of moisture content.

Millions of tonnes of stored products are fumigated with MeBr in Australia each year, mainly
at export grain shipping terminals, but also to a lesser extent at up country storages, on farms, and in
the storage facilities of produce merchants (Table I). Due to the high efficiency of fumigations in the
Australian grain industry, usage is estimated at only 50 tonnes of MeBr to treat approximately 15
million tons of grain (Table II). Where closed system recirculatory fumigation is used, such as at
shipping terminals, there is a belief that the used gas can be recovered without loss into the
atmosphere, although the cost effectiveness of fumigation as a disinfestation treatment would then
need to be reassessed.

Total grains production in Australia approximates 20 million tonnes annually, with
considerable year to year variation due to seasonal conditions. Exports average 90% of production. In
Queensland two thirds of the total is wheat and one quarter is sorghum, with the remainder maize,
malting barley, rice, grain legumes, and other produce such as birdseed (panicums), linseed, and
canola (rape). In the more temperate southern states the proportion of cereals is higher. Some
commodities, such as malting barley, were never fumigated with MeBr because of its detrimental
effect on germination. In other states the proportion of cereal grains, mainly wheat, is much higher.
In warmer regions about three quarters of the export grains are fumigated with MeBr. The
proportion is much higher than in the past due to the discontinuation of protection of grain after
harvest with low toxicity residual insecticides such as fenitrothion, chlorpyrifos methyl, or synthetic
pyrethroids and insect growth regulators.

The main reason for use of MeBr at export is to comply with Australia's clean (insect free)
grains policy, which is enforced by regulatory orders administered by the Australian Quarantine and
Inspection Service (AQIS). All regulated grains are sampled for insect infestation at the point of
shipment at 6.75 L per 100 tonnes and loading is stopped whenever a live insect is found. Hence,
there is "nil tolerance". Regulated commodities include the cereal grains wheat, oats, and barley as
well as sorghum, but not maize, canola, or mung beans at the present time. In addition, some grain
markets (USA, Fiji, and Papua New Guinea) require fumigation with MeBr as a condition of sale.
This is a requirement before phytosanitary certification can be given. Tonnages are not large for any
of these markets. All dedicated grain export terminals have recirculatory fumigation facilities mostly
combined with high density concrete silos that have excellent gas retention and permit disinfestation
in a time as short as 5 hours. The rate used is 150 mg/h/L or approximately 40-60 g/m^. This enables
export terminals to disinfest grain found to be infested at inspection and fully utilize ship loading rate
capacities of from 1000-4000 tonnes/h. It is not clear what difficulties if any will be encountered in
meeting the new lowered MRL before export. However from experience in meeting a similarly low
MRL for EDB, purging of the treated commodities with an airflow would not be an unexpected
requirement.
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2.1. Fresh horticultural produce

Commodities involved are fresh fruit, vegetables [1] and cut flowers (Table I). The purpose of
fumigation is to meet intrastate, interstate, and overseas phytosanitary requirements [3]. The most
important pests of fruits are fruit flies and codling moth, but mites, scale insects, and thrips are also
frequently a reason for fumigation. Fumigation with ethylene dibromide (EDB) is still approved for
use against fruit flies in Australia, although it is no longer acceptable for most overseas export
markets. MeBr was not as effective as EDB against eggs and larvae of fruit flies within fruit, because
at the dosage necessary to meet quarantine efficacy requirements, fruit quality could be affected
adversely. However, MeBr is very effective against surface pests such as mites, thrips, scale insects,
and dried fruit beetle, all of which are subject to phytosanitary constraints in some markets. MeBr

Table I . COMMODITIES FREQUENTLY DISINFESTED WITH METHYL
BROMIDE IN AUSTRALIAN COMMERCE

Commodities

Agricultural
commodities

Ginning cotton
Barley

(not malting)
Oats
Wheat
Maize
Sorghum
Rice
Grain

legumes
Baled hay

Horticultural commodities
Apples
Pears
Stone fruits
Oranges
Mandarins
Lychee
Mango
Melons
Broccoli
Cut flowers
Nursery stock

Forest products
Sawn timber

Imports
Logs

Veneers
Furniture

Pests Usage

Boll weevil

Storage pests
Storage pests
Storage pests
Storage pests
Storage pests
Storage pests

Bruchid weevils
Mites

Fruit fly, codling moth
Fruit fly, codling moth
Fruit fly
Fruit fly, scales, thrips
Fruit fly, scales, thrips
Fruit fly
Fruit fly,scales
Fruit fly, thrips
Lepidopterous larvae
Thrips, mites, others
Various

Wood borers, termites
Wood borers, termites,

and snails
Lyctid borers
Wood borers

importance

significant

major
major
major
major
major
major

significant
minor

significant
significant

minor
significant

minor
minor
minor

significant
minor
minor

significant

major

major
significant
significant
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Table II. QUANTITIES AND VALUES OF AGRICULTURAL AND HORTICULTURAL
COMMODITIES COMMONLY DISINFESTED WITH METHYL BROMIDE IN AUSTRALIA [2].

Commodity

Wheat

Coarse grains

Raw Cotton

Pome fruits

Citrus

Production 1996
(ktonnes)

16975

4114

421

48

612

Estimated
with Methyl

Total (ktonnes)

12731

3085

22

0.5

?56

amount treated
Bromide

Export (ktonnes)

9974

836

n/a

0.3

50

Value of Methyl
Bromide treated
component
(AUD)

S2862M

$567M

$16M

S0.9M

$n/a

became an option for fruits such as lychee and watermelon when acceptability of EDB on exports was
lost. Recent research efforts in Australia for treatments of fresh horticultural produce have focused
on circulated hot air, hot water, or cold treatments, and these are used commercially for major crops
such as citrus (cold) and mangoes (hot air). The MRL for MeBr residues in fruit is the same as for
grains (50 ppb) and could prove difficult to achieve.

The Australian usage of MeBr for fresh horticultural produce is fragmented and difficult to
determine with accuracy. There was an upsurge in use recently as a result of intra- and interstate
quarantine restrictions consequent to the discovery of the fruit fly, Bactrocera papayae, a form of B.
dorsalis originally restricted to the Malayan peninsula, Malaysia, and the Indonesian islands.
However, MeBr is only one of a number of options and the low cost one of dipping fruit in
dimethoate or fenthion solutions has become the predominantly used treatment. An estimate of the
commodities treated with MeBr is given in Table II.

2.2. Irradiation as an alternative to MeBr

2.2.1. Stored products

Irradiation will disinfest stored grains at relatively low treatment dosages. In Australia the
annual production of human and animal food grains is subject to major seasonal variations, but
exceeds 20 million tonnes in most years. Where storage time exceeds one stored grain pest lifecycle,
which is about 6 weeks, pest suppression measures are necessary because of pests such as weevils,
flour beetles, sawtooth grain beetle, other beetle pests, and moths such as the tropical warehouse
moth. Other pests common in colder climates, such as mites and psocids, are of much less
importance in Australia. All of these pests are cosmopolitan in distribution and their status as pests of
quarantine importance is arguable, especially given the outcomes of the Uruguay round of the
General Agreement on Tariffs and Trade (GATT). If non-quarantine status is accepted for these
pests, less efficaceous treatments than those required for quarantine pests should be acceptable
provided that produce quality and wholesomeness standards are met. For example USA typically
requires an efficacy of 99.9968% ("probit 9") for a quarantine disinfestation schedule and many other
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countries including Japan require 99.99%. By contrast, grain disinfestation treatment in Australia has
a typical target efficacy of 99.9% which enables grain to meet the sampling rate of 6.75 L per 100
tonnes with a nil tolerance for live insects. Grain shipments treated to this standard have experienced
less than 2% found to be infested at arrival after an average shipping time of 6 weeks. If Australian
regulatory requirements can be modified to accept the slower mortality of irradiated insects with
suppression of reproduction, irradiation has the basic capability to be an alternative to disinfestation
with MeBr at the point of export. However, technology would need to be developed to meet grain
flow rates involved in loading up to 4000 tonnes/h, and possibly more in the future as other
alternative handling strategies developed. The grain stream involved in these loading rates is up to 30
cm deep.

Irradiation as a disinfestation method for grain has not been a serious component of Australian
stored grains research. Justifications for its low priority have included political discouragement of
research by way of a moratorium on government funding for this purpose, lobbying and other
activities by anti-irradiation pressure groups, a belief by some researchers that delayed death of insect
infestations subjected to low dose irradiation would lead to export rejections because of the presence
of "live" insects at export, and concern about the effect of irradiation on the baking quality of flour.
However, the major impediments to its consideration were the established grain export infrastructure
designed around fumigation, and the inability of existing grain irradiation technology, whether
Electron Beam or 60co, to cope with ship loading rates of some thousands of tonnes per hour.

The slow kill exhibited by grain insects treated at low disinfestation doses is not as
disadvantageous as it might at first appear. Firstly, reproduction can be inhibited at least in the
beetles, at doses around 250 Gy, and possibly at much lower dosages when adequate research data are
collected. Secondly, mortality apparently results from damage to the midgut lining resulting in
cessation of feeding and eventual starvation. Good sanitation practices in grain storages and physical
control measures such as modified atmospheres can deliver grain to the point of export with levels of
infestation below the level of detection at specified sampling levels. Irradiation can then ensure that
these infestation levels do not increase during transit whereas infestations in untreated grain could be
expected to increase by a factor of 50 times in the average 6-weeks transit time taken for Australian
grain. In practice, infestations would decrease significantly as a result of irradiation induced
mortality, some soon after treatment. Inhibition of reproduction in adult grain moths reputedly
requires much higher doses than for beetles, possibly as high as 1000 Gy. Again, even if true, this is
unlikely to be of as much significance as at first apparent because grain moths have a very short adult
life, as little as 1-2 days so the majority of an infesting population will be present as eggs, larvae, and
pupae which are likely to be much more susceptible. It will be necessary to treat grain as a moving
stream and this in itself will have an adverse effect on adult survival and their ability to reinfest.

2.2.2. Fresh horticultural produce

Irradiation has been shown to be highly efficacious against fruit flies, codling moth, and
lightbrown apple moth, the pests which are predominantly responsible for export constraints on
Australian fruit. There is adequate Australian research data to show that a dose of 75 - 100 Gy will
disinfest fruit against the main native fruit fly pest species, and there is international data which
shows that this dose is more than adequate against the Mediterranean fruit fly, which in any case is
restricted in its distribution to a region isolated from the main export-fruit production areas. However,
MeBr is little used for fruit fly disinfestation in Australian export fruit, and is being restricted to
watermelons for New Zealand and citrus, stone- and pome-fruits for Fiji, New Caledonia, and Papua
New Guinea. MeBr combined with cold treatment against codling moth is under development for
proposed exports of pome-fruits to Japan. An alternative for this can be expected to be needed and
irradiation would be more than adequate as a replacement if Japan comes to accept irradiation as a
quarantine treatment for fresh fruit imports.
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Other pests for which MeBr is used as a disinfestation treatment in Australia include thrips,
scale insects, and mites. Exported cut flowers are sometimes fumigated with MeBr as a way of
ensuring that they will not be infested with mites or insects such as thrips, which, if found, result in
fumigation on arrival in countries such as Japan and Korea. Again, the usage of MeBr for this
purpose is low compared with alternatives. Irradiation is a suitable treatment for this purpose for
many flowers, but as air transit times are short, acceptance of live irradiated insects needs to be
negotiated if high and consequently injurious doses needed for immediate mortality are to be avoided.

3. OTHER RESIDUE FREE ALTERNATIVES TO MeBr

3.1. Heat

3.1.1. Fluidised Bed: For grain a heat disinfestation process known as "Fluidised Bed" has been
developed to disinfest a moving stream of grain with a hot air stream. It uses a disinfestation
temperature of 60^ C. A semi-commercial unit was built and operated some years ago, but the
method was not adopted widely presumably because of cost and logistical constraints. These
constraints could change with the loss of MeBr.

3.1.2. Forced air heating: For fruit this method, variously termed Vapor Heat Treatment (VHT) or
High Temperature Forced Air (HTFA), is used to disinfest fresh fruit to international standards. It is
in use against fruit flies for mangoes exported to Japan and is being developed for other fruits and
vegetables for internal trade and international exports. The capital and treatment costs far exceed
fumigation and insecticide dips.

3.1.3. Hot water dips: Although this is the most economical way of applying heat as a disinfestation
treatment for fresh fruit, it has not been adopted widely because of the likelihood of injury at
exposure times of more than the 1-hour exposure typically required for fruits such as mango.
However it is widely used for postharvest disease control which involves shorter exposure times,
typically 10 minutes, because of the surface nature of diseases such as anthracnose.

3.1.4. Cooling and cold storage: Reduction of temperature is used in Australia for both grains and
fruit as a means of disinfestation. For grain this is done by selective forced aeration with coolest
available ambient air or with refrigerated air from mobile or in situ refrigeration systems.
Temperatures of 8-9 0 C will disinfest grain over a period of some weeks, and cooler temperatures
act more quickly. No cooling method is suitable for disinfestation at the point of shipment because of
the time needed at practicable temperatures.

For fresh fruit, cold storage at temperatures just above freezing will result in disinfestation to
international quarantine standards. An example is orange exports to Japan and USA which are
disinfested against fruit flies by storage at l^C for 16 days before shipment. Fresh and semiprocessed
fruits which can be frozen to commercial frozen food temperatures, for example -18 °C, are accepted
as insect free.

5.7.5. Other methodology: There are a number of other disinfestation strategies. For grain, hermetic
storage with atmospheres modified by addition of carbon dioxide, nitrogen, or oxygen depletion with
a gas burner are possible. Reduction of moisture content alone will reduce susceptibility of grain to
infestation but is rarely practicable. For products such as seed, insect proof packaging is a widely
used technique. Fresh fruit can be produced in ways that avoid the need for disinfestation [3]. None
of these offer the immediate treatment facility of irradiation.
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Table III - TIMBER, TIMBER STRUCTURES AND TIMBER PRODUCTS WHICH MAY BE
DISINFESTED WITH METHYL BROMIDE IN AUSTRALIA

Production volume

18.391 000m-*

Production value

S2119MAUD

Exports value

S1017.8MAUD

Imports volume

3.67 OOOrn̂

Table IV. AUSTRALIAN AGRICULTURAL AND HORTICULTURAL PRODUCE FOR WHICH
IRRADIATION IS A POTENTIAL DISINFESTATION OPTION. DEVELOPMENTAL

RESEARCH WILL BE NECESSARY FOR SOME PRODUCTS.

Commodity
Cereal grains
Coarse grains
Birdseed
Rice
Grain legumes
Baled hay
Apples
Avocados
Banana
Grapes
Lemon
Lychee
Mandarin
Mangoes
Melons
Oranges
Peaches
Persimmons
Pineapple
Plum

Strawberry
Kohl species
Carrot
Capsicum (Bell Peppers)
Tomato
Potato
Strawberry
Sweet corn
Onions
Cucurbit vegetables
Cut flowers
Nursery stock soil

Pest
Stored grain insects
Stored grain insects
Stored Grain insects
Stored grain insects
Bruchid beetles
Mites
Fruit flies, Codling Moth
Fruit flies
Fruit flies
Fruit flies
Fruit flies
Fruit flies, Cryptophlebia
Fruit flies
Fruit flies, scale insects
Fruit flies, thrips, Fuller rose beetle, Mealy bug
Fruit flies
Fruit flies
Fruit flies
Dried fruit beetle, scale insects
Fruit flies
Fruit flies
Various Lepidoptera
Nematodes
Fruit flies
Fruit flies
Nematodes
Redlegged earth mite, Queensland fruit fly
White fringed Weevil
Fruit flies
Fruit flies
Thrips, mites, various Lepidoptera, Hymenoptera
Nematodes, soil insects, other quarantine pests
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Table V. SCIENTIFIC NAMES OF SIGNIFICANT PESTS OF AGRICULTURAL AND
HORTICULTURAL COMMODITIES FOR WHICH IRRADIATION IS A POTENTIAL

DISINFESTATION TREATMENT IN AUSTRALIA

Common Name

Fruit flies
Cucumber (fruit) fly
Queensland fruit fly
Jarvis' fruit fly
Mediterranean fruit fly

Fruit moths
Codling moth
Lightbrown apple moth

Fruit and flower thrips
Melon thrips

Grain beetles
Bean weevil
Cowpea weevil
Granary weevil
Maize weevil
Rice weevil
Rust red flour beetle
Sawtoothed grain beetle

Grain moths
Angoumois grain moth
Indian meal moth
Tropical warehouse moth

Mites
Straw itch mite
Two spotted mite

Exotic wood borers
Powder post beetles
Furniture beetle
Wood wasps
European house borer

Exotic termites
Drywood termite

Scientific name and family

Bactrocera cucumis (French) Tephritidae
B. tryoni (Froggatt) Tephritidae
B. jarvisi (Tryon) Tephritidae
Ceratitis capitata (Wiedemann) Tephritidae

Cydia pomonella (L.) Tortricidae
Epiphyas postvittana (Walker) Tortricidae

Thrips palmi Thripidae

Acanthoscelides obtectus (Say) Bruchidae
Callosobruchus maculatus (Fabricius) Bruchidae
Sitophilus granarius (Linnaeus) Curculionidae
S. zeamais (Motschulsky) Curculionidae
S. oryzae (Linnaeus) Curculionidae
Tribolium castaneum (Herbst) Tenebrionidae
Oryzaephilus surinamensis (Linnaeus) Silvanidae

Sitotroga cerealla (Olivier) Gelechiidae
Plodia interpunctella Hubner Pyralidae
Ephestia cautella (Walker) Pyralidae

Pyemotes her/si Oudemans Pygmephoridae
Tetranychus urticae Koch Tetranychidae

Lyctus spp. Lyctidae
Anobium punctatum De Geer Anobiidae
Sirexspp. Siricidae
Hylotrupes bajulus Cerambycidae

Cryptotermes brevis (Walker) Kalotermitidae
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