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SUMMARY REPORT ON THE
USE OF IRRADIATION AS A QUARANTINE TREATMENT

OF AGRICULTURAL COMMODITIES

1. INTRODUCTION

Large quantities of tropical and subtropical fruits are produced
all over the world. Some of these fruits such as citrus, banana, and in-
creasingly pineapple, avocados, and mangoes, are important commodities in
international trade. The trade of most fruits is seriously hampered by
infestations of several species of fruit flies such as oriental (Dacus
dorjsalijB), Mediterranean (Ceratitis capitata), melon (Dacus cucurbitae),
Queensland (Dac_us_ tryoni). Caribbean (Anastrepha suspensa). etc. Several
countries and states which are free from these insects have strict quar-
antine laws, normally requiring a defined disinfestation treatment, under
which produce may be imported. Current procedures used for treating
fruits and plant material to satisfy quarantine requirements are vapour
heat treatment, fumigation with chemicals such as ethylene dibromide
(EDB) or methyl bromide (MB), cold treatment, or a combination of fumiga-
tion and cold or heat treatment.

In view of the imminent cancellation of EDB in the USA and else-
where, one of the two most widely used chemical fumigants to satisfy
quarantine requirements for horticultural crops, an alternative treatment
is urgently required. Ideally, such an alternative should not only be
effective against the pest species but should have no adverse effect on
the quality of the commodity, nor leave any hazardous residue on or in
the produce, while maintaining safety to personnel involved. Alterna-
tives such as heat, low temperature and gamma irradiation appear to offer
promise. The application of gamma irradiation as a physical process of
food preservation is increasingly recognized by several national and
international authorities. In July 1983, the Codex Alimentarius Commis-
sion adopted the Recommended International General Standard for Irrad-
iated Foods and the Recommended International Code of Practice for the
Operation of Irradiation Facilities used for the Treatment of Foods,
which recommends acceptance of the irradiation of food to an overall
average dose of 10 kGy (1 Mrad). Also, it appears that the U.S. Food and
Drug Administration's approval of irradiation as a food process up to a
dose of 1 kGy is imminent.



Considerable data are available to demonstrate that gamma irradia-
tion is an effective quarantine treatment for papaya infested with fruit
fly species found in Hawaii. These data are acceptable to the USDA-APHIS
as a quarantine treatment for this commodity. However, its practical
application can be realized only when PDA approves the use of irradia-
tion, either for this purpose alone or as a process of food preserva-
tion. Additional data are needed to develop quarantine treatment
schedules for irradiation of other commodities such as citrus, stone
fruits, tropical fruits, etc., against these and other insect species.

For this reason, a Consultant Meeting was convened at the East-West
Center, University of Hawaii, Honolulu, Hawaii from 21 to 23 November,
1983, to evaluate existing data and to define future activities to estab-
lish the possible use of irradiation as an acceptable quarantine treat-
ment. Members of the Consultant Group are listed in Annex I. Dr. M.T.
Ouye, National Programme Staff, ARS, USDA, served as the Chairman of the
meeting.

2. ENTOMOLOGICAL ASPECTS OF IRRADIATION AS A QUARANTINE TREATMENT
METHOD

Technically, low dose irradiation (< 1 kGy) can be used as a quar-
antine treatment method for selected pests and commodities. Several
research reports and discussions show that if radiation doses were high
enough, all insects and mites can be killed. However, at these doses,
many commodities exhibit injury symptoms. Radiation could be used on
many of these commodities without phytotoxic effects as well as providing
quarantine security if the criterion used to determine effectiveness was
changed from mortality to "the inability to produce viable offspring".
For example, adult emergence (a measurement of mortality) of three
species of tropical fruit flies (melon fly, oriental fruit fly and Medi-
terranean fruit fly) prevalent in Hawaii can be prevented at irradiation
doses of 0.15 kGy - 0.26 kGy. However, above 0.05 kGy, avocado exhibits
phytotoxic effects. If the criterion were the inability to produce
viable offspring, it may be possible to use doses as low as 0.03 kGy.
Thus, if the criterion was changed from mortality to the "inability to
produce viable offspring", this may enable a greater range of commodities
to be irradiated while still providing quarantine security.



Currently, Probit-9 (no more than 32 survivors in a million insects
tested) is used by many countries as a measurement for quarantine
security. In many cases, this criterion is ultra-conservative and rep-
resents an "over-kill". The USA is presently considering Negligible Pest
Risk (NPR) as an acceptable criterion for quarantine security. This is
defined as no more than 30 survivors per million units (a unit is equal
to a single fruit such as a papaya or an apple) tested from a natural in-
festation and no more than 10 infested units per million units, in con-
trast to per million insects tested.

The USA is also considering allowance for a "Two Stage Quarantine
Treatment Schedule". This schedule consists of two separate treatments
applied to a single lot (e.g., a pallet, a container, a shipload, a
grower lot, etc.) at one or two locations. Sorting of the incoming com-
modity to remove highly-infested lots, followed by a low-dose radiation
treatment could be such a two-stage treatment schedule. A low-dose rad-
iation treatment could be one that is less than that required for a
single-stage treatment schedule.

2•1 Consideration
— With favourable hosts, a high infestation rate may occur at

harvest; mortality based on failure to emerge may be an appro-
priate criterion.

— However, with poor hosts and/or a relatively low infestation
rate at harvest, measurements other than mortality should be
permitted.

— Since the purpose for imposing quarantine is to prevent estab-
lishment of a pest population in a non-quarantine area, the
ability to produce viable offspring should be an alternative
criterion to mortality.

As the research requirements for developing an acceptable quaran-
tine schedule differ from the requirements of other food disinfestation
programmes, an international coordinated programme on the use of radia-
tion as an alternative quarantine treatment method to chemicals is
urgently required.



3. PHYTOTOX1CITY OF IRRADIATED FRUITS

Gamma irradiation has been shown to be an effective disinfestation
technique against several species of fruit flies. It is also unique for
treating certain insects such as the mango seed weevil, Sternoehetus man-
giferae F. A number of studies on irradiation of fruit were carried out
in various parts of the world such as Australia, Brazil, India, Taiwan,
the Philippines, Thailand, the USA, Venezuela, etc., in the I960's and
1970*s. The purposes of these studies included:

— disinfestation
— shelf-life extension
— decay control.

Results of these studies varied due to differences in:
— fruit variety and composition
— physiological response to radiation treatment
— maturity of fruits at harvest and time lapse before irradiation
— post-irradiation storage conditions, especially temperature
— whether irradiation was combined with other treatments such as

hot water dips
— degree of infection or insect infestation before irradiation.

3.1 Cons iderations

(a) Tolerance Dose
A minimum applied dose of 0.26 kGy to insect eggs or larvae present

in fruits would provide adequate quarantine treatment for the most tol-
erant species of fruit flies. A number of fruits have been found to be
tolerant to doses in the range of 4 to 8 times that required for disin-
festation, i.e., 1.0 - 2.0 kGy (Table 1). The two major factors that
would cause variation in the tolerance of particular fruit types are sea-
sonal effects and cultivar of the fruit. Phytotoxicity symptions include
the following:

— Appearance: adverse changes such as abnormal surface colour,
peel integrity, etc.

— Organoleptic qualities: adverse changes in aroma, flavour,
texture and internal colour of the fruit; the latter includes
varying degrees of internal browning



— Rheological properties: undesirable changes in the internal
structure and rheology of the fruit, such as mushiness, gritti-
ness, lumpiness, etc.

— Physiological properties: unacceptable rates of respiration or
stimulated ethylene production are symptoms of adverse physio-
logical response to irradiation above the tolerance dose.

(b) Condition of the Fruit for Treatment
For radiation disinfestation, only fruit of optimum maturity and

high quality (e.g., free from physical injury) should be used. This is
obvious considering such factors as market acceptance and the ability to
command a high return. Irradiation may be used to maintain quality of
harvested fruits, but cannot convert from poor to high quality. Good
pre- and post-harvest handling techniques must be practiced to maintain
high fruit quality. For example, oleocellosis in citrus would occur if
fruit is picked and handled improperly. Pre-harvest pest control and
excessive pesticide residues remaining after harvest may affect the fruit
quality and market acceptance. Good agronomic practice will also result
in a high quality product. Fruit should be treated as soon as possible
after harvest.

Some of the specific steps include:
— removal of field heat
— removal of dirt and other debris
— post-harvest fungicide treatment and coating where appropriate
— quality sorting
— adequate packaging.

(c) Combination Treatment
When applying ionizing radiation to fruits for disinfestation pur-

poses, one is faced with the following options:

— Use of disinfestation dose alone as determined experimentally
at the desired security level;

— Use of a combination of treatments to reduce the dose required
for disinfestation while maintaining the desired quality. Some
of the feasible treatments that warrant careful evaluation in



combination with irradiation are:
— heating
— acceptable chemicals (fungicides, waxing, etc.)
— controlled atmosphere in storage and in transit
— refrigeration in a proper temperature range.

(d) Storage Conditions
The following practices should help to maintain identity, quality

and marketability of irradiated fruits:
— Radiation disinfested fruits should be refrigerated whenever

possible and appropriate.
— Irradiated fruits must be protected against reinfestation and

other effects through:
— proper warehouse construction and screening
— suitable packaging
— adequate waste disposal
— humidity control when economically possible
— ethylene scrubbers (to delay ripening)
— controlled atmospheres
— ventilation by adequate air movement.

4. IRRADIATION FACILITIES AND PROCESS CONTROL

Most fruits of commercially acceptable quality are tolerant to
doses required for disinfestation by radiation.

After reviewing and evaluating technical papers presented and
reported by members of the Consultant Group, and reviewing questions
raised by the Secretariat, the Group was of the opinion that radiation
processing of food continues to be sensitive to regulatory actions and
marketing perceptions of public acceptance. Processing costs for radia-
tion disinfestation of fruits are less than $60 per ton, and could be as
low as $20-30 per ton, depending on capitalization requirements and mini-
mum treatment dose. Savings in post-treatment losses can be significant
when comparing the radiation process with other quarantine treatment
methods. Public and regulatory concerns about chemical residues and
environmental problems create a favourable climate for the adoption of a
physical process such as irradiation.

10



4.1 Consideration

Disinfestation by radiation processing has distinct advantages over
other physical and chemical methods for control of insects, including:

— The product can be pre-treated, inspected for quality, pre-
packaged at any desirable time and place before assembly and
disinfestation treatment.

— Bulk handling in insect-proof packaging is possible within the
constraints of dose geometry (max/min dose).

— Physical effects of package composition (shape, density) and
the use of barrier packaging are minimal constraints on the use
of the radiation process of disinfestation.

— Minimum temperature restrictions or post-treatment delays are
not required for fruit processed by radiation.

— Treatment doses can be controlled to achieve the intended
effect without affecting present marketing costs.

— No residue remains in the product as a result of the radiation
process.

(a) Quarantine Facility Operational Requirements
A major concern is the development of quarantine treatment stan-

dards for any new method. Quarantine radiation processing must satisfy
the following criteria for acceptance:

General facility requirements
— Registered, certified and/or licensed by radiation, quarantine

and sanitation authorities.
— Commissioning data characterizing source and operating systems

must conform to standard procedures (e.g., ANSI Standards) and
be certified by a licensing authority.

— Operating characteristics, process control methods and pro-
cedures must assure products are treated at the required mini-
mum dose.

— Treatment systems must be certified for operating characteris-
tics after any scheduled or non-scheduled maintenance with com-
plete dose geometry records for all operating combinations.

— Proof of efficacy demonstrated by treating infested products in
the normal packaging configurations with concurrent dose geo-
metry measurements.
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— Shipping documents required by exporting and importing coun-
tries accompanying shipments must have certification of minimum
and maximum absorbed doses by responsible authorities.

— Quality assurance programmes must demonstrate that minimum and
maximum doses are recorded and controlled to achieve required
treatment doses.

Spec!fie operating requirements
— All non-treated products must be received in an area physically

isolated from treated products, including holding and storage
areas before or after subsequent treatments.

— All products must be packaged to maintain condition.
— Packages must be marked and labelled with treatment lot numbers

and other identifying characteristics required by quarantine
authorities.

— All treated products must be stored and handled in sanitary
areas, including refrigerated storage areas, in an insect-free
condition.

— Products which are not treated according to required schedules
due to equipment malfunction or other causes must be physically
removed, discarded or otherwise eliminated from shipments.

— Treated products must be handled and transported in an insect-
free condition to receiving points in the original containers
with seals intact. All damaged or broken packages must be dis-
carded and such action documented.

(b) Economic constraints on adoption of the radiation process for
disinfestation

These relate to:

— Quantity of product to be treated at one location. The minimum
quantity processed will determine capital requirements and thus
the unit cost of treatment. For example, a high unit value
product can be treated at small volumes of throughput, whereas
a low unit value product will require high volumes.

— Processing plant must be located at a convenient point in the
flow of product from harvest, processing, distribution to the
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market outlet. Transportation costs and potential delays are a
vital part of all determinations of cost and on siting a
product-oriented plant.

Product packaging, size of container, palletizing system, and
bulk density of the package are vital data inputs for designing
a product-oriented plant.

When production volumes or short season requirements do not
warrant a product oriented irradiator, a service irradiator,
which may handle a wide variety of products in addition to ser-
vicing intermittent quarantine treatment requirements, may be
more economic than a dedicated product-oriented plant.

Major ports where intermodal transfers occur, or where export
or import concentrations are found, may require a large, dedi-
cated, service quarantine treatment facility including storage
and handling systems.

Economic, political and emotional concerns interact to deter-
mine the acceptability of a radiation processing plant. Quar-
antine treatment by radiation processing may cost in the range
of US$40 - 60 per ton (USA ton) for a large scale operation.
Quarantine treatment supervision will be an operating cost
which could decline as the reliability of the radiation process
becomes established. Total cost for quarantine treatment using
the radiation process is comparable to costs for alternative
treatments.

Ratio of maximum to minimum dose as well as the minimum dose
requirement will be a large factor in costs of treatment.
Seeking the minimum dose to achieve the required effect will
maintain minimum costs. The greater the maximum/minimum ratio
while maintaining the maximum dose in the approved range will
also favour minimum costs. Design of a radiation processing
facility will require the careful assessment of the minimum
dose and the maximum/minimum ratio.
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5. RECOMMENDATIONS

The Group urges FAO and IAEA to establish and implement a research
coordination programme specifically on the use of radiation as an
alternative quarantine treatment to chemicals.

The FAO and IAEA should encourage Member States to use "the in-
ability to produce viable offspring" rather than "mortality" as a
criterion to assure quarantine security.

The Group urges FAO and IAEA to develop a Manual for Quarantine
Treatment by the Radiation Process for distribution to Member
States which will:
— provide guidelines for researchers to use in developing quaran-

tine treatment schedules;
— provide recommendations to all Member States and national reg-

ulatory authorities specifying quarantine treatment quality
assurance procedures;

— provide guidelines for determining operating characteristics
and monitoring dose geometry;

— inform and train quarantine inspectors on recommended proce-
dures for quarantine treatment by radiation.

— The FAO and IAEA should encourage Member States, especially devel-
oping countries, to adopt the use of radiation as a quarantine
treatment method for local pests in commodities with export poten-
tial.

The FAO and IAEA should urge researchers in all Member States to
evaluate phytotoxic reactions of various commodities of economic
importance when treated by irradiation to provide quarantine
security.
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Table 1. Effects of gamma irradiation on various fruits'*

t/i

Fruit

Papaya
(Solo)

Mango
(Hadcn)

(Alphonse;
Okrong;
Carabao;
Rubi, etc.)
(Zill)
Pineapple
( Smooth
Cayenne)
Banana
(8 var.)

Citrus
(orange,
lemon.
tangerine.grapefruit)
Peach and
nectarine

Nectarine
Strawberry
(Shasta,Lassen,
Fresno)
Apple,( Jonathan ,
Granny Smith
Delicious)
Table Grapes
(Sultana,
Emperor,
Ohanez)
* After a)

b)

Technical
effect
(purpose)

Disinf estation
Shelf life
extension
Disinf estation

Shelf life
extension

Decay control
Disinf estation

Disinf estation
and shelf life
extension
Decay control( stem-end rot
and' moulds)

Brown- rot
control

Disinfestation
Inhibition of
grey mould

Disinfestation
i

Disinfestation

Moy, J.H. 1977.
Rignoy, C.J. G

Minimum
absorbed
dose (krad)
26
75
33

25
40
60
75
105-210
26

26

20-50
100-150

150

7.5
200-300

7.5

7.5

Potential
P. A- Wills.

Observed
tolerance
dose (krad)

100
100
100

100

100

150

100

>22.5
200

>22.5

>22.5

Sensory
quality

Retained
at
100 krad
P.etnined
at
150 krad

Retained
at
20O krad
Retained
at
100 krad
Retained
at
100 krad

Softening
at 100 krad
and above
Retained
Retained
at200 krad

Retained

Retained

Nutrient Transit
quality effect

Retained None
at
150 krad
Retained None
at
200 '"rad

Retained None
at
200 krad
Retained None
at
100 krad
Retained None
at
80 krad

Slight loss Some
."•-t
150 krad

None
10-15% less Some
at 200-300krad

None

None

of gamma irradiation of fruits: A review. J. Fd.
1983. Suitability of low doso gammo irradiation

Other
effect

None

Hone

Sensitive
to chill

Surface
scald

Peel injury
and
softening

Red colour
intensified
at 200 krad
None
Softening
at 300 krad

None

Reduced
Root
development

Technol. 12,

Alternative
treatment

Fumigation
or vapour
ho.it
Fumigation
(not for seed
weevil)

Fuminntion

Fumigation
or
refrigeration
Hot water
(5 min at
52.8CC)

Hot v:ater
(7 -"in at
4C.«-'C)
Refrigeration
Refrigeration

Refrigeration

Fumigation

449-/.S7. , and
for disinformation of

several fruits.
Honolulu, Hawaii

Proc. Int. Conf. Radiation Disinfostation rf Food and Agricultural Products,



PRESENT STATUS OF RESEARCH ON EFFICACY OF QUARANTINE
TREATMENT FOR HORTICULTURAL CROPS IN THE USA
WITH SPECIAL REFERENCE TO THE USE OF IRRADIATION
AS A POTENTIAL QUARANTINE TREATMENT*

A.K. BURDITT, Jr.
U.S. Department of Agriculture,
Agricultural Research Service,
Yakima, Washington,
United States of America

Abstract

Research on efficacy of quarantine treatments for
horticultural crops has been conducted in the United States
of America by scientists of the U.S. Department of Agricul-
ture, Agricultural Research Service (ARS), and by scientists
in various state research organizations for many years. ARS
scientists have been investigating effectiveness of fumi-
gation using volatile chemicals such as ethylene dibromide,

methyl bromide, phosphine and others; physical methods
including cold, heat, modified atmosphere and gamma irradia-
tion; and biological methods such as host susceptibility and
host inspection as treatments for commodities infested by
fruit flies and other pests. ARS and state scientists are
studying possible adverse effects of such treatments on the

commodities. This research also involves cooperation with

the U.S. Department of Energy and its contractors, Sandia
Laboratories, CH^M Hill, and Battelle Pacific Northwest
Laboratories.

* This paper reports the results of research only. Mention of a pesti-
cide or commercial or proprietary product does not constitute a recom-
mendation or endorsement by the USDA.
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Recently a Regional Research Project W-164 on Post-

harvest Biotechnology and Quarantine Treatments for Insect
Control in Horticultural Crops was approved and implemented.
This project provides for research to evaluate and improve

postharvest storage and insecticidal treatments for effective

insect control, to develop effective and safe quarantine

treatments for domestic and/or international markets and to
determine if effective treatments for insect control have any

deleterious effects on market and consumer quality of fresh

horticultural commodities. This regional project provides a

vehicle for research coordination, cooperation and funding

among the various agencies involved.

This research has demonstrated that the treatments under

consideration have potential as quarantine treatments for
some of the pests under study and can be used on various

commodities with a minimum of adverse effects on quality.

Further research is needed to determine which treatments

would be best for which insects and commodities.

Research to develop improved and more efficaceous,

treatments of horticultural crops for pests of quarantine
importance has been conducted in the United States of America
by scientists assigned to the Agricultural Research Service

(ARS) and its predecessor organizations as part of the United
States Department of Agriculture (USDA) as well as by

scientists from California, Florida, Hawaii and other state
research organizations. The basic concepts of quarantine

treatments with regard to the use of cold storage, vapor heat

and fumigation as treatments for citrus, papayas and other

18



fruits subject to infestation by the oriental fruit fly,
Daeus dorsalis Hendel, the Mediterranean fruit fly, Ceratitis
capitata (Weidemann), and the melon fly, Daeus cucurbitae,
Coquillet were developed by Baker [1]. Balock, et. al [2]
proposed that gamma radiation should be considered as a
potential quarantine treatment for these insects and their
hosts. A 60-cobalt source was used for research on this
subject in Hawaii [3]. Similar research was conducted at the
USDA-ARS Mexico City laboratory using a medical x-ray unit
[4]. This research was supplemented by research sponsored by
the United States Atomic Energy Commission [subsequently a
part of the Department of Energy (DOE)] in cooperation with
the Hawaii State Department of Agriculture and the University
of Hawaii [5].

In the meantime the Environmental Protection Agency
(EPA) had become concerned about possible hazards from use of
ethylene dibromide (EDB) and a notice of Rebutable Presump-
tion Against Registration (RPAR) was published [6]. Recently
EPA ordered that use of EDB as a fumigant for quarantine
treatments of horticultural crops would be prohibited after
September 1, 1984 [7]. Also, when an infestation of Mediter-

ranean fruit fly developed in central California, state
authorities had to develop procedures for treatment of fruit
being moved out of the area of infestation. EPA actions will
affect movement of papayas and other fresh fruit from Hawaii,
shipment of grapefruit from Florida to Japan and importation
of many fresh fruits into the USA. This makes it imperative
that alternatives to EDB be made available. Some alterna-
tives, such as MB fumigation, cold storage and vapor heat are
currently approved for use by the USDA.
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Certain aspects of research on quarantine treatments in
the USA are now being coordinated under the aegis of a
Regional Research Project. This project was proposed by
scientists in California in 1981, in order to expedite devel-
opment of improved treatments for commodities subject to
infestation by Mediterranean fruit fly. The project has been
designated as Regional Project 164, Postharvest Biotechnology
and Quarantine Treatments for Insect Control in Horticultural
Crops. Objectives are:

1. For horticultural crops, to evaluate postharvest
storage and insecticidal treatments for effective
insect control and develop effective and safe
quarantine treatments for domestic and/or interna-
tional markets.

2. To determine if promising and effective treatments
for insect control have any deleterious effects on
market and consumer quality of fresh horticultural
commodities.

Research on the development and evaluation of post-
harvest treatments for effective control of specific insects
and/or specific quarantine procedures is being conducted by
ARS scientists in Fresno, California; Miami, Florida, Hilo,
Hawaii and Yakiraa, Washington and by scientists at the Univer-
sity of Hawaii, Honolulu, Hawaii, and Oregon State Univer-
sity, Corvallis, Oregon, for fruit flies and other species of
insects.

Treatments or combinations of treatments which have
shown promise or are effective in insect control are being
evaluated to determine their influence on quality attributes
of the commodity (appearance, texture, flavor, shelf life and

20



nutritive value) and to determine if there are any adverse
effects which would render the treated commodity unfit during
marketing and/or for use by consumers by ARS scientists in
Fresno, California; Miami, Orlando and Winter Haven, Florida;
Wenatchee, Washington; and Hilo, Hawaii as well as by scien-
tists at the University of California, Davis, California;
University of Florida, Gainesville, and Agricultural Research
and Education Center and Florida Department of Citrus, Lake
Alfred, Florida; University of Hawaii at Manoa, Honolulu,
Hawaii; and Oregon State University, Corvallis, Oregon.

Commodity treatments can be grouped according to the
techniques employed as: (1) fumigation using volatile chemi-
cals; (2) physical methods using temperature, atmosphere or
radiations; and (3) biological me-thods using susceptibility
or resistance of hosts to pest infestation.
1. Fumigation using volatile chemicals:

a. Ethylene dibromide (EDB)
EDB fumigation is the standard treatment for

papayas, mangoes, citrus and other fruit subject to quaran-
tine due to possible infestation by one or more species of
fruit flies of the family Tephritidae.

In Hawaii papayas are fumigated with EDB as a quarantine
treatment to eliminate infestations of 3 species of fruit
flies [8]. They reported that residues of EDB were desorbed
more rapidly when commodities were stored in field boxes than
when placed in cartons for storage. They also reported on
the amount and persistence of residues in packing materials
and fiberboard cartons and cautioned about desorbtion of EDB
into the air of closed storage facilites. A dose of 8g/m3 of
EDB can be used when fumigation is preceded by a hot water

21



dip applied for anthracnose disease control [9]. Fumigation
in polyethylene trays at 7g/m3 was effective and EDB residues
in fruit were reduced when the hot water dip followed the
fumigation. Fruit fly mortality varied with treatment temper-
ature and type of container, as well as dose of EDB. They
pointed out the need for establishment of residues for actual
EDB as well as inorganic bromides. Fumigation in wooden lugs
required an increase in EDB dose to 10g/m3 [10].

In Florida emphasis has been to reduce the dose of EDB
required as well as to reduce the amount of EDB in the envir-
onment or the commodities. Preliminary results from this
research indicate that the dose of EDB used can be reduced
without jeopardizing the security of such a treatment. An
intransit system for aeration of semi-trailer van loads of
fumigated fruit enroute from Florida to California was devel-
oped in order to meet requirements imposed by California on
the amount of EDB in the van air at the time it was unloaded
in California [11]. Miller and Ismail [12] reported that the
majority of EDB was absorbed by the fiberboard cartons in
which the fruit was packed and that an activated carbon
filter could be used to recover EDB vapors following treat-
ment. Miller, et al [13] found that, without a filter, 80.7%
of the EDB in the chamber was being expelled to the atmos-
phere. Installation of a dual blower system accelerated
post-treatment aeration and reduced the residues that
remained in the fruit and cartons [14].

EDB residues traditionally have been measured in terms
of inorganic bromides. Recently King, et al [15] developed a
technique for determination of EDB residues in grapefruit as
low as 0.00038 mg/kg. They were able to detect EDB residues
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in fruit stored up to 25 days. Von Windeguth and King [16]
determined that residues were lower in fruit fumigated in
cartons than in bins and when larger quantities of fruit were
treated in the chamber.

b. Methyl bromide (MB)
MB fumigation is approved as a quarantine treatment

for commodities that may be injured by EDB or for species of
insects that are not killed by EDB, such as codling moth,
Cydia pomonella (L). It is also an alternative to EDB for
some species of pests and/or crops [17].

Japanese and Korean governments have approved importa-
tion of cherries from the USA based on fumigation with methyl
bromide to eliminate any infestation by codling moth or
western cherry fruit fly, Rhagoletis indifferens (Curran),
[18]. They showed that much higher doses of MB are required
to eliminate possible overwintering (diapausing) populations
of codling moth that may infest apples, walnuts or other
fruit harvested in the late summer or fall. Other studies
have shown that such doses are injurious to some varieties of
apples, from some planting areas (Olsen, unpublished).
Research is underway at Yakima to determine the conditions

under which MB fumigation is most effective in controlling
the codling moth in harvested apples, pears or cherries.

Recently research in California and Hawaii has demon-
strated that MB is an effective treatment for many fruits
subject to infestation by Mediterranean fruit fly. Spitler
and Couey [19] developed MB fumigation schedules for
cherries, peaches, pears and other fruit without subsequent

cold storage.
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The use of MB alone or in combination with low tempera-
ture storage has been considered as an alternative to EDB as
a fumigant for Caribbean fruit fly, Anastrepha suspensa
(Loew) in Florida [20, 21]. However, there were seasonal
differences in susceptibility of grapefruit to fumigation
injury, early season fruit seemed more susceptible to peel
injury while mid and late season fruit were more susceptible
to decay [22, 23, 24]. Witherell, et al [25] found that some
varieties of Florida avocados tolerated MB fumigation while
other varieties did not tolerate such treatments. Ito and
Hamilton [26] reported that 31 cultivars of Hawaiian avocados
varied in tolerance to MB fumigation. All cultivars showed
some external damage and earlier ripening. Harvey and Harris
[27] found that some cultivars of stone fruits were injured
following fumigation using MB, while other cultivars and
sweet cherries were not injured. Ripening of cherries and
plums was slowed by fumigation. Tebbets, et al [28] reported
that pears and plums absorbed less MB than did cherries,
nectarines or peaches. However, they found that pears and
plums had higher residues of MB and retained these residues
longer than the other fruit.

c. Phosphine

PH_ used as a fumigant for fresh fruit, can be
generated from magnesium phosphide. Research in Hawaii [29]
has shown that oriental and Mediterranean fruit fly eggs and
larvae in papayas can be eliminated by exposure to PH_
Mortality was related to concentration time (CT) values and
use of such a treatment would require periodic monitoring and
computation of the CT curve. This research showed that PH_

3

could be used in refrigerated containers, that PH~ residues
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dissipated rapidly and that most of the commodities tested
apparently tolerated the treatments.

Research had indicated that PH. could be considered as
a potential alternative fumigant for grapefruit infested by
Caribbean fruit fly larvae [30, 31J. However, more recent
research has shown that both pupae and adults survived treat-
ment at some doses and that PH» fumigation may result in an
increase in rind breakdown and decay of grapefruit after
refrigerated storage for 4 weeks followed by 1 week at 21°C
[32], Spalding, et al [33] found that PH_ was phytotoxic to
Florida mangoes and some varieties of avocados, causing
scald-like injury to the skin.

d. Other chemicals
Preliminary research is being conducted in an

effort to find new, safer, effective chemicals for use as
alternative fumigants for commodities infested by pests of
quarantine importance. Acetaldehyde has been effective in
fumigation of surface pests, such as aphids on lettuce or
strawberries [34]. No evidence of phytotoxicity was
observed.

In laboratory tests, Davis, et al [35] found that
several naturally occurring chemicals, aldehydes, ketones and
esters, gave complete kill of Caribbean fruit fly larvae
infesting guavas. Carroll, et al [36] found that 2 isothio-
cyanates gave complete kill of Caribbean fruit fly larvae.
Carroll, et al [37] tested 179 non-halogenated compounds,
finding that 5 aldehydes and 4 isothiocyanates were toxic to
these larvae. Benschoter, et al [38] also tested a number of
chemicals as fumigants for Caribbean fruit flies and found
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that allyl-alcohol,-acetate and -propionate showed promise as
fumigants.

2. Physical methods:
a. Cold temperature

Cold storage of infested fruit at temperatures of 0
to 3°C has been found effective as a quarantine treatment to
eliminate fruit flies [1]. However, many subtropical fruits
that are hosts of fruit flies will not tolerate extended
storage at such temperatures. Research is underway in Hawaii
to determine if a technique can be developed to treat papayas
at temperatures lethal to fruit fly larvae, without causing
injury to the fruit.

Refrigeration has been approved as a quarantine treat-
ment for Caribbean fruit fly infestations in fruit [39].
Hatton and Cubbedge [40] found that chilling injury of grape-
fruit could be reduced by conditioning the fruit for a week
at 10°C-16°C before storage at 1°C for up to 3 weeks for
fruit fly control.

Mature codling moth larvae overwinter in diapause, and
therefore can withstand exposure to temperatures as low as
-20°C [41]. Immature larvae frequently are found in harvested
fruit. Such larvae have not entered diapause and will not
survive storage at or below 1°C for more than 30 days, while
mature diapausing larvae have survived storage for over 130
days [42].

b. Heat
Vapor heat has been used for mangoes and grapefruit

infested by Mexican fruit fly, Anastrepha ludens (Loew), as
well as papayas infested by Mediterranean fruit fly, oriental
fruit fly and melon fly [17]. Seo, et al [43] found that it
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took 11 hours to raise the temperature of papayas from 23.3
to 44.4°C followed by 8-3/4 hours at 44.4°C to give complete
kill of oriental fruit fly larvae. Armstrong [44] reported
that a 15 minute hot. water dip at 50°C could be used as a
treatment for bananas infested by fruit fly larvae in Hawaii
without adverse effects on the fruit. A combination hot
water dip and EDB fumigation is more effective than either
treatment alone for fruit fly larvae in papayas [45].

c. Modified atmosphere
Carbon dioxide (CCL) has been used to anaesthetize

insects for many years and may be toxic under certain condi-
tions. Benschoter, et al [46] found that CO. exposure did
not consistently give complete kill of Caribbean fruit fly
larvae. They also found that exposure to 100% nitrogen for
60 hours was required for complete kill of larvae in rearing
medium. Research on effects of low oxygen, high nitrogen and
high C0_, either alone or in combination with fumigation, is
underway at several laboratories on other pests and their
hosts.

d. Gamma irradiation
Research on gamma irradiation as a potential com-

modity treatment to eliminate horticultural pests of quaran-
tine importance in the USA was initiated in Hawaii by ARS
scientists over 25 years ago [47]. This research initially
demonstrated that adult fruit fly emergence could be reduced
or prevented by exposure of naked eggs and larvae to irradia-
tion [3] and subsequently, that the same effect could be
achieved by irradiation of fruit infested by fruit fly eggs
or larvae [48]. Seo, et al [49] showed that the minimum dose
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in a carton must be adjusted as the mass of the carton of
fruit is increased due to absorption.

The effect of irradiation on papayas was studied by

Dollar, et al [5]. They reported no significant differences
in dry matter, soluble solids, texture, reduced ascorbic acid
or color due to irradiation. Akamine and Goo [50] found that
mature green Haden mangoes, were more susceptible to surface
scald than riper fruit and that refrigeration accentuated
surface scald on more mature fruit.

Recently Kaneshiro, et al [51] and Hoy, et al [52]
reported that doses as high as 400-500 Gy were required to
prevent hatch of Mediterranean fruit fly eggs in infested

nectarines or peaches. They also were able to detect differ-
ences in sensory qualities of irradiated and control fruit,
although such differences were not always consistent with
dose.

Gamma radiation has been shown to be a potential quaran-
tine treatment for Caribbean fruit fly larvae in grapefruit
[53]. This study showed that when 2 or 3 infested fruit were
treated at a time adults did not emerge at doses above 75 Gy
and no puparia were formed at 300 Gy. When cartons of
infested fruit were treated in the Sandia Sludge Irradiator
[54], 1 male and 1 female emerged from fruit irradiated at
150 and 300 Gy, respectively, and no pupae were recovered at

559-609 Gy [55].
Grapefruit irradiated at doses of 250 to 600 Gy showed

an increase in skin pitting, scald and decay [53]. Also,
flavor differences were detected in some juice samples irrad-
iated at 500-600 Gy and there was a significant reduction in
vitamin C levels [56]. Further studies by Hatton, et al [57]
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showed that scald injury resulted when grapefruit were
treated in October or December and rind breakdown resulted
when they were treated in February, April or May at 600 or
900 Gy. Some injury occurred at lower doses but the fruit
were acceptable to the consumer.

Results from preliminary research underway at Yakima,
Washington have shown that emergence of adults can be reduced
by exposure of immature codling moth larvae in apples or
mature larvae in cocoons to gamma radiation at doses of 50 to
100 Gy [58].
3. Biological methods:

a. Host susceptibility to pests
Research on differences in susceptibility of pine-

apple cultivars [59] has demonstrated that the oriental and
Mediterranean fruit flies and melon fly were not able to
complete their life cycle in the smooth cayenne and other
related varieties. As a result, these varieties can be
shipped from Hawaii to the mainland USA without being sub-
jected to fumigation or other quarantine treatment. Research
by Armstrong [60] showed that 3 cultivars of bananas were not
hosts of these 3 species of fruit flies as mature green
fruit. Bananas do not ripen until after harvested. Similar
studies [61] showed that the 'Sharwil' avocado, was resistant
to these fruit flies when on the tree or when harvested as
mature green fruit with stems attached.

Seo, et al [62] determined the relationship of stage of
maturity of papayas to oriental fruit fly infestation and
found that fly eggs and larvae were unable to develop in
mature green or color turning fruit. Further studies [63,
64] showed that benzyl isothiocyanate apparently was respons-
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ible for mortality of fruit fly larvae in these fruit and
that such fruit did not require treatment to prevent develop-
ment of eggs or larvae.

b. Inspection of hosts
In Florida grapefruit are a poor natural host of

the Caribbean fruit fly [65]. Indications are that grape-
fruit could be kept free of infestation if grown in areas
where guavas and other primary hosts do not occur. A trap-
ping program, combined with inspection of fruit is being
considered as an alternative to fumigation.

In the Northwest cherries are subject to inspection
following MB fumigation as a quarantine treatment for codling
moth and western cherry fruit fly. During the period from
1978 to 1982 over 22 million cherries were inspected [18].

No infested fruit were detected during these examinations.

Codling moth infestations are controlled in orchards by
application of pesticides based on timing established by

trapping records and a degree-day calendar. Such control
practices can result in extremely low infestation levels in
fruit at harvest. At the packing house and storage facility,
before storage or prior to packing and shipping, fruit are
washed and inspected to remove any damaged fruit as culls.

These practices remove most of the fruit that exhibits injury
due to presence of codling moth. Data from Washington State
Department of Agriculture inspections of fruit for export
under phytosanitary certificates, where 1-2% of the fruit are

inspected, showed that during the period 1980-1982 over 27
million fruit were examined [66]. Of these fruit, 1,937 had
been injured due to codling moth egg laying, 536 had worm

30



holes and 18 larvae were found in fruit. There were over 26
million cartons of fruit in these shipments.
Conclusions

In summary, the following is the current status of
various treatments for horticultural commodities to eliminate
pests of quarantine importance:

1. Chemical fumigants
a. Ethylene dibromide: Use of EDB as a quaran-

tine treatment will be prohibited in the USA
after September 1, 1984. This decision by EPA
has been challenged by the industry and may be
delayed by appeals. However, eventually use
of EDB as a fumigant will be phased out.

b. Methyl bromide: Use of MB as a fumigant may
be subject to further restrictions and event-
ually phased out. Little information is
available as to potential problems in regard
to carcinogenicity, etc., ventilation and
aeration of chambers and commodities and
hazards to workers. High doses and extended
times are required for MB to be effective

against some pests such as diapausing codling
moth larvae and such treatments may be phyto-
toxic to host fruit.

c. Phosphine: PH_ is phytotoxic to many commod-
ities, it is difficult to control the dose and
concentration, is difficult to contain in
chambers and treatments take several days to
be effective. Improved techniques for appli-
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cation of PHL will facilitate its use when
phytotoxicity is not a limiting factor,

d. Other chemicals: Acetaldehyde, and similar
compounds may be effective against aphids,
thrips or other external pests, but may not be
effective against internal pests as they do
not penetrate the host commodity. Many of the
compounds that show promise as fumigants for
grain are phytotoxic to horticultural commodi-
ties.

2. Physical methods

a. Cold: Low temperature is effective against
some pests and safe for some commodities.
However, pests that enter diapause would
resist low temperature and subtropical or
tropical commodities may be injured by such
treatment. Also, sophisticated control and
refrigeration equipment is needed, the energy
consumption is high and the treatments take
10-20 days or longer depending on species and
temperature.

b. Heat: Hot water dips will kill eggs and
larvae close to the surface of the fruit, but
not larger larvae or those feeding deep in
larger fruits. Vapor heat requires special
equipment and chambers, takes several hours,
has high energy consumption and may adversely
affect fruit quality.
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c. Modified atmosphere: Much research is needed
to determine if modified or controlled atmos-
phere storage would be more effective than
standard cold treatments.

d. Gamma irradiation: Irradiation is effective
in preventing emergence of adults when insects
are exposed as eggs or larvae. When they are
exposed as pupae, the surviving adults would
be sterilized. Higher doses are more effec-
tive in that they will result in immature
insects being killed sooner, and may prevent
eggs from hatching and larvae from feeding and
surviving to pupation. However, such doses
may adversely affect fruit quality and
storage. Engineering data are needed for
treatment of large volumes with minimum max/-
min ratio of dose.

3. Biological:
a. Host susceptibility: Many immature fruits do

not support pest populations. Research is
needed to determine what factors control

susceptibility and how these can be integrated
into a quarantine system.

b. Inspection: Many pests can be controlled in
the field before harvest. Inspection at
harvest or shipment may be adequate to show
that the commodity is free of any pest of
quarantine significance. Data are needed to

demonstrate the infestation levels present and
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to develop sequential sampling or other statis-
tical methods to insure that quarantine secur-
ity requirements are satisfied.
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POSSIBLE INSPECTION AND CONTROL OF FRUITS TREATED BY
IRRADIATION TO OVERCOME QUARANTINE RESTRICTIONS

C.M. AMYX
Plant Protection and Quarantine,
United States Department of Agriculture,
Hyattsville, Maryland,
United States of America

Abstract

Low dose irradiation can be used as a quarantine treatment when a wholesome
food additive tolerance is established. The treatment must be fail-safe and
offer regulatory officials a treated product that will not likely introduce
exotic agricultural pests of concern with the treated product.

The Federal domestic and foreign quarantines will have to be revised to provide
for irradiation as a treatment. Safeguards are necessary to insure that
nontreated products do not leave regulated areas. We will need a means of
identifying the treated product in the receiving area.

To make an irradiation treatment practical, the market quality research must
be linked with the disinfestât ion of insect research work so that a quality
product is marketed. Consumer acceptance is paramount. The way the treated
product is labeled will be a key to market acceptance.

The regulatory treatments used by the Animal and Plant Health Inspection
Service (APHIS) are developed by the Agricultural Research Service (ARS). ARS
is responsible for basic research. APHIS has the responsibility to evaluate
those research data that are presented and, if acceptable, adapt the data to

regulatory use. Treatments are published and included in administrative
intructions under Title 7 CFR 319.56 Fruits and Vegetables quarantine.
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Regulatory treatments are designed to prevent the establishment of an
agricultural pest through movement of its host commodity. Post-harvest
treatment must also cause no commercially unacceptable damage to the host
product. Also, any pesticide or other residues must meet regulatory
requirements of other Federal agencies. In addition, the safety of the workers
at the treatment site and all persons handling the product to and in the market
must be acceptable and safe.

ARS has researched the use of gamma rays from Cobalt-60 as a means of
providing irradiation as a quarantine treatment on papaya. A petition was
submitted to the Food and Drug Administration in 1973. Although not accepted
for the establishment of a wholesome food additive tolerance, we believe that
we can accept these data for a quarantine treatment.

It will only be necessary to write the safeguard and regulatory aspects of the
treatment. The treated product will have to be protected from reinfestat ion.
We must be assured that all fruits in a treated lot have indeed received a
sufficient dose to meet quarantine regulations. The carton will need a label
or some means of identification so that regulatory officials can recognize the
treated carton.

The treatment facility must have a fail-safe means of moving fruit from the
receiving area through the treatment area. Only treated fruit will be in the
shipping area.

We understand that it is possible to use chemically treated paper that can be
read to find the approximate irradiation dose that has been given to a package.
This technique will need to be included in a treatment protocol.

Federal foreign and domestic quarantine procedures will have to be rewritten.
Terms will need to be defined and the treatment described. In addition, we
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will need some description of an approved treatment facility. When these are
written, the APHIS legal staff will approve the final version before the
revised administrative instructions are published in the Federal Register.
Clearances and approval for such changes can be involved and take considerable
time.

To give you an idea how a treated commodity may gain entrance into the USA, the
following list outlines the steps required to obtain the services of an
inspector of the Plant Protection and Quarantine Programs (PPQ) in a foreign
country. They apply, in general, whether the purpose of such detail is the
inspection and approval of treatment facilities and/or procedures or
supervision of the treatment and safeguarding of commodities to meet entry
requirements enforced by PPO. Step 2, obviously, applies to the latter.

1. PPQ must receive an official invitation from the Government of the country

concerned to perform work in that country. It is the responsibility of the
parties at interest, shippers, and/or would-be importers to secure this
invitation.

2. Evidence must be presented that a sufficient volume of produce will be
available for treatment and export to maintain a continuing and reasonable

requirement for service. An estimated schedule should include the beginning

date and duration of work to be performed.

Also provide information on the location of the treatment facility, how the
fruit will be transported from treatment site to the airport/seaport for
export, port(s) of export, U.S. port(s) of entry and frequency of shipments.
Air shipments must proceed directly to the U.S. The above information is

necessary for the determination of safeguard procedures that must be applied
during transit to prevent reinfestation of the agricultural product.
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3. PPQ must evaluate the request and outline of work to be done and determine
if the justification is sufficient and qualified personnel will be available,
and can be spared from their regularly assigned duties, at the time projected.

4. A proposed cooperative agreement must be drafted and forwarded for
signature. An estimate of costs to the cooperator must be prepared and sent
with the proposed agreement. All costs, including salaries, travel, per diem

allowances, holiday and overtime pay (if any), an administrative overhead, and
payable to the Animal and Plant Health Inspection Service, must be returned to
PPQ. The agreement then will be forwarded for signature by the Administrator,
APHIS, and the funds deposited to the account of APHIS and obligated to a
numbered trust fund account. The signed agreement will be retained, with
copies returned to the cooperator.

5. Only at the conclusion of Step 4, may the request for clearance and

authorization for foreign travel of an inspector or inspectors be initiated.
For this procedure 60 to 90 days may be required, so it is imperative that
planning and the preliminary steps be accomplished well in advance of the
projected date of operation.

6. At the conclusion of operations, and after all expenses properly chargeable
to the trust fund account have been posted, an accounting will be provided and
the cooperator may request refund of any unobligated balance. If the operation
is to be ongoing, a balance will be maintained and additional deposits
requested as required. Trust fund accounts and cooperative agreements are
approved on a fiscal year basis (July 1 through June 30 of the following year),
and will require renewal if work is to continue into a subsequent year.

In view of the rather strict requirements outlined in the preceding steps,
it is suggested that firm committments to construct facilities or contract for
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products to be treated as a condition of entry be deferred until at least the
feasibility study (Steps 1 through 4) has been completed.

The climate in the 1960's was favorable for the use of irradiation as a

quarantine treatment. Since that time, commercial interest has waned. Many
things have happened to focus public attention on the negative aspects of
irradiation. The treatment will need a strong publicity push to sell it.
Consumer acceptance will require convincing the consumer that the treated
commodity presents no adverse affects on human health.

We are still on the edge of application of the use of irradiation as a
quarantine treatment. Much work needs to be done. Research dollars are short.
Team research is needed to work out commercially acceptable treatments in the
shortest possible time.

The Environmental Protection Agency has announced the proposed cancellation
of EDB, September 1, 1984. The papaya, citrus and mango industries need viable
alternatives today. Steps must be taken to get the grower/shipper together
with the irradiation industry to work out plans for the shipping season
following that date. The education of the consumer must start immediately to
assure acceptance of food irradiation.

47



STATUS OF QUARANTINE TREATMENT OF FRUITS
IN AUSTRALIA WITH SPECIAL REFERENCE TO
POSSIBLE APPLICATION OF IRRADIATION

C.J. RIGNEY
Gosford Horticultural Postharvest Laboratory,
New South Wales Department of Agriculture,
Gosford, New South Wales,
Australia

There are three main facets of fruit quarantine of concern
to the Australian authorities. These relate firstly to the
importing of plants, plant products and goods, secondly to the
interstate movement of fruit, and thirdly to the export of plants
and fruit.

Australia is a Federation of six States and a self-
governing Territory, and completely occupies the continent and
one major island. Through Federal action it has been possible to
maintain effective quarantine barriers against the introduction
of exotic pests and diseases, which could otherwise have
decimated Australia's agricultural production. For the importing
of fruits a series of disinfestation treatments have been
prescribed, in an effort to minimise the risks of importing pests
and diseases, and yet maintain international trade in these
commodities. Such disinfestation treatments include cold
sterilization and fumigation with either ethylene dibromide (EDB)

or methyl bromide. Citrus fruit, litchis, mangoes, melons,
papayas, pineapples, and custard apples are fumigated with EDB.
Methyl bromide fumigation is used for the treatment of citrus
against external insect pests, as well as for the general
treatment of coconut, garlic and watermelons.
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Due to the presence in regions of Australia of various
insect pests, particularly tephritid fruit flies and moth larvae
infesting fruit, entry of fresh fruit and vegetables to some
overseas countries and neighbouring States is prohibited or
restricted, unless the produce is treated to ensure adequate
disinfestation. Of particular concern is Queensland fruit fly
(Dacus tryoni) which occurs in Queensland and eastern New South
Wales, and Mediterranean fruit fly (Ceratitis capitata) which is
found in specific localities of Western Australia.

Within Australia quarantine barriers exist between
individual States. For example, fruit from Queensland is not
readily transported to markets in Victoria, South Australia and
Western Australia; marketing of fruit from Western Australia in
South Australia, Victoria, New South Wales and Queensland is
restricted.

Between States the concept of "area freedom" is accepted;
i.e. fruit grown in an area which is believed to be free of fruit
fly (no fruit flies are known to have occurred within a 40 km
radius for the preceeding 12 months) are allowed access to
interstate markets without treatment, provided that such a

certification accompanies the consignment. All fruit from other
areas are subjected to disinfestation treatment. Fruit entering
N.S.W. from Western Australia is cold-sterilized or fumigated
with either EDB or methyl bromide. Fruit from N.S.W. or
Queensland destined for South Australia, Tasmania or Western
Australia is subjected to similar treatment.

Prior to 1982 the most generally accepted disinfestation
treatment of fruit entering Victoria was fumigation with (EDB).
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In September of that year the Victorian plant quarantine
regulations were altered, in an attempt to rationalise the
movement of fruit into that State. These ammended regulations
resulted from recognition of the fact that not all fruit are
equally susceptible to infestation by fruit flies, and that the
probability of infestation of fruit by Queensland fruit fly
during the winter months is extremely low. Fresh fruit may now
enter Victoria without treatment between May and September. For
the remainder of the year fruit is allowed entry only if one of
the following conditions is met:

1. The fruit was produced in an area where fruit flies have
not been found in the previous 12 months.

2. Fruit was stored at 0 - 1°C for a minimum of 14 days.

3. Fruit was dipped in 400 ppm dimethoate for 1 minute.

4. Fruit was inspected in Victoria and found free of fruit
flies.

5. Tomatoes and bananas were harvested in a firm green
condition.

6. Capsicums, mangoes, oranges, lemons and mandarins were
fumigated with EDB.

7. Avocados were fumigated with methyl bromide and then
immediately stored at 7°C for 11 days.

8. The consignment of fresh fruit is to be processed, and not
sold on the fresh fruit market.
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These new regulations suggest that no problems should now
exist in the interstate movement of fresh fruit into Victoria.
However, each of the above conditions are subject to difficulties
in their long-term practical application. "Area freedom" from
Queensland fruit fly does not apply to the State of Queensland,
since no horticultural area in that State can be certified as
completely free of this pest. Cold storage is only suitable for
those commodities which have a marketing pattern to which it can
be fitted. Also, many fruits will not tolerate cold storage, and
exhibit chilling injury symptoms following this cold
sterilization regime. The complete inspection of a consignment
of fruit is expensive, and is only economically viable for a few
high- priced commodities. Avocados are frequently damaged by the
combination of methyl bromide fumigation and cool storage.
Treatment with EDB, methyl bromide and dimethoate may all have
limited long-term potential for the disinfestation of fresh
fruit, due to an increasing concern over the postharvest chemical
treatment of food, particularly by chemicals which are suspected
of causing cancer or reproductive defects. These regulations
apply only to fresh fruit entering the State of Victoria; normal
quarantine regulations remain in force in the other States.

The export of Australian fruit to many countries is
restricted by quarantine regulations, which require a suitable
disinfestation treatment. The major pests of quarantine
significance are Queensland fruit fly, Mediterranean fruit fly,
codling moth (Cydia pomonella) and light-brown apple moth
(Epiphyas postvittana). For many years the principal treatments
against these two fruit flies have been either cold sterilization
or EDB fumigation. A combination of methyl bromide and cold
storage is effective in killing all four of the above insects.
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However, cold sterilization, whether alone or in combination with
methyl bromide, is injurious to many fruits. Since EDB now
appears to have a very limited life as a fumigant for fresh fruit
an alternative for these export markets will be required.

As seen from the foregoing discussion there is a need
for a disinfestation treatment for fruit entering Australia from
overseas, and for the interstate and export marketing of
Australian fresh fruit. For the past 30 years the most generally
accepted treatment was fumigation with EDB. Following the recent
announcement from the U.S. Environmental Protection Agency of its decision to ban

fumigation of fruit with EDB, due to its ability to cause cancer
and reproductive disorders, there is now an acknowledged need for
an alternative treatment. In seeking a suitable alternative one
must bear in mind the 3 living systems involved : the insect, the
fruit and the consumer. The life cycle of the insect must be
broken such that it no longer represents a quarantine risk, while
the fruit remains wholesome for the consumer.

Although attractive in the short-term, postharvest
chemical treatments using fumigants or insecticide dips may have
limited potential as a long-term alternative to EDB. Few have
wide-scale applicability, and none have the broad field of
usefulness that EDB has shown. In addition, the long-term
potential of any postharvest chemical treatment may be limited by
stringent tests applied by any national or international body.
Physical treatments are therefore more attractive.

Cold storage is effective in killing Queensland fruit
fly, and other insects, but causes damage to many fruit types.
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Heating also generally results in injury at the time/temperature
regime required to achieve suitable disinfestation. Inert
atmosphere storage of fruit is ineffective, in that the fruit
tissue is damaged after a few days storage in nitrogen or carbon
dioxide while many fruit fly larvae survive.

Irradiation appears to be the most suitable
disinfestation treatment. A dose of 75 Gy breaks the life cycle

of Queensland fruit fly, while most fruit are unaffected by this
treatment. The wholesomeness of the fruit for the consumer is
also unaffected by this low dose treatment. However, for this
treatment to be commercially viable, the general international
acceptance of irradiated food by consumers is essential.
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EXPORT OF TROPICAL FRUIT FROM THAILAND
WITH SPECIAL REFERENCE TO QUARANTINE RESTRICTIONS
IMPOSED BY CERTAIN IMPORTING COUNTRIES

R. SYAMANANDA
Department of Agriculture,
Bangkhen, Bangkok,
Thailand

Fruit Production -in Thailand

Thailand is one of the leading fruit producing countries in

South East Asia. Blessed with fertile soils and good climatic conditions

numerous varieties of tropical and sub-tropical fruits are successfully

and abundantly grown y ear'round throughout the country.

The environmental requirements necessary for successful cultivation

of certain types of fruit dictates the particular areas where major

production occurs. For example Durian, Rombutan and Mangosteen which need

ample supplies of water are concentrated in the East and South of the country

where the rainfall is heaviest. Longan and Lychee which require cool climatic

conditions are grown in the hilly areas in the North.

Other tropical and sub-tropical fruit varieties, which have no

specific environmental requirements, such as, citrus, banana, mango, papaya,

pineapple, grapes etc. can be fairly successfully grown all over the country.

Fruit Exports from Thailand

Several types of fruit, such as, pineapple, durian, grapes, banana,

mango, longan and lychee are now being successfully exported to neighbouring

countries in South East Asia, Europe and the Middle East. Official figures

for 1977 show that Thailand exported fruit valued at 134 million bäht

($US 5.8 million). This value has increased to 377 million baht ($US 16.4

million) in 1981, an increase of some 181% over the 5 year period.
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Despite this rather impressive growth Thailand is extremely

anxious to improve its share» of the world's fruit export market. If you

look at the quantity of current and potential fruit production in this

country it can be readily seen that the amount exported is very small by

comparison.

Although Thailand has been moderately successful in its drive for

improved exports of tropical fruit there are still a member of problems

which have to be worked on and solutions found before its share of the

export market can be expanded.

Current Problems Associated with Thailand Fruit Exports

1. Continuity of Supply

Certain types of fruit such as banana, citrus, papaya and mango

are grown in relatively small areas by farmers scattered throughout the

country making it very difficult to organise marketing on a large scale.

In addition some of the varieties are seasonal and cannot be stored for

extended periods. Supplies of this type of fruit, if not regularly

maintained, cannot compete successfully for overseas markets.

2. Consistency of Quality

The problem of the scattered nature of small area fruit production

also brings with it problems of quality differences. Because, as previously

mentioned, certain types of fruit are grown by small area farmers there are

marked differences in the cultivation practices between these farmers.

This in turn has caused supply difficulties and added costs for exporters

in their quest to obtain uniform export quality fruit to satisfy overseas

market requirements.
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S. Inadequate Storage Technology and Facilities

Most of Thailand's fruit exports are handled through fruit

wholesalers who in general have little or no knowledge of modern storage

technology and in most oases have limited or no cool room or other up to

date storage facilities. These inadequacies have taken a high tall in

both fruit quality and prices realised because tropical fruit deteriorates

very rapidly after harvesting.

4. Unsuitable Packing and Packaging

By and large the type and range of packaging materials and

methods of packing adopted by farmers and wholesalers are not suitable

for export. For example many continue to use bamboo baskets for packing

mangoes and this result in serious bruising and skin cuts which accelerates

fruit loss. On the other hand some exporters make use of cardboard boxes

to package durian in 5 kilo batches. Again this type of packing material

is most unsuitable for the fruit which it contains.

The laok of consistency in producing fruit of uniform size and

quality has made it very diffioults to develop a standard packaging

material for use by both farmers and exporters. To further compound the

situation much of the fruit> after -cooking is then inadequately stacked

and loaded for transport over long distances causing further damage and

fruit losses.

5. Pesticide Residues

Unacceptably high levels of pesticide residues in agricultural

produce has become a matter for major concern in Thailand. Similiar to

other countries the problem has been caused by excessive and in some

cases indiscriminate use of pesticides. Action has been instituted to

promote a campaign of awareness amongst farmers and consumers to warn

them of the potential danger of pesticide contamination.

57



While in the past, -high levels of pesticide residue in some
agricultural exports from Thailand nave caused problems this has not been

the case with fruit exports. Fortunately, fruit being a high value

commodity most growers can afford the more sophisticated control measures

such as integrated pest control or pest management in the production

process.

However, this may not always be the case and it is important

therefore that efforts should continue to prevent the incidence of

unacceptably high levels of pesticide residue occurring in fruit exports

from Thailand.

6. Pest Infestations

The export markets for tropical fruit from Thailand are presently

limited to Hong Kong, Singapore, Malaysia, Europe and the Middle East where

plant quarantine regulations are not as rigorous as they are in other parts

of the world. Attempts are being made to open up new market in Japan,

Australia and the United States of America. However, in order to gain

access to these markets the produce must be completely free of restricted

quarantine pests such as oriental fruit fly (Dacus dorsalis) and melon

fruit fly (D_. Cucurbitae). These pests are considered exotic and very

dangerous by Japanese authorities as well as other targeted importing

countries.

In an endeavour to overcome this particular pest problem

scientists in Thailand in collaboration with Japanese experts have been

conducting detailed studies which includes the life cycles, fumigation at

every stage of larvae using ethylene dibromide (EDB) and their comparative

resistance to the fumigant. Should the results of these trials be

satisfactory then further negotiations may be undertaken to gain access

to these countries for Thailand's fruit exports.
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A major factor which could seriously impare to work currently

being done in these trials is the decision by the United States Environ-

mental Protection Agency (USEPA) to prohibit the use of EDB as a fumigant.

This prohibition is due to come into effect in early 1984. It is also

considered most likely that Japan will also prohibit the use of EDB in

the near future.

Recommencement of negotiations with the Japanese authorities to

gain access to their fruit market is still under consideration by the

Government of Thailand but before attempting any further discussions

there is a necessity to be sure that any proposed treatments by fumigation

will be both practical and economically viable to Thailand as well as

being acceptable to other importing countries.

Given that there will continue to be bigger and stronger pressures

brought to bear by many importing countries to restrict to use of chemicals

in agricultural produce fumigation the use of irradiation technology for

pest problems appears to be an acceptable alternative. The data being

generated by various scientific research institutions thus far indicates

this technology is safe^ effective and economically viable and our faith

in it continues to grow steadily. However, acceptance by Thailand does not

guarantee universal usage. I therefore urge all of you here as professionals

in the food irradiation field to consider whether this technology should be

adopted and promoted as an alternative to the use of chemical fumigants.

A positive response on your part would certainly have a major bearing on

our future action in dealing with prospective importers of Thailand's

agricultural commodities.

It is also evident that preharvest and postharvest treatments

of fruit must be improved if Thailand is to be competitive in world

markets. Many of the problems I have outlined are interrelated and

must be tackled simultaneously if we are to capture a bigger share of

the world's markets.

59



EXPERIENCE IN OPERATING PILOT IRRADIATION
FACILITY FOR TREATING FRUITS TO SATISFY
QUARANTINE REGULATIONS

A.M. DOLLAR*
School of Public Health,
University of Hawaii,
Honolulu, Hawaii,
United States of America

Introduction
Food processing facilities must conform with good manufacturing practices.

First, all personnel responsible for monitoring radiation safety, sanitation,
quality assurance and process control should have background experience and/or
education to provide a level of competency to assure that products are processed
in a safe and sanitary manner.

Handling and storage will maintain absolute segregation and identification
of the non-processed and processed products. Storage and handling areas are to
be protected from introduction and buildup of insects, rodents or other vermin
which have the potential for damaging or entering products before and after
processing.

Operating personnel and their records should provide complete information on
the operating characteristics of the system. Process-control methods and quality
assurance methods must identify treated-products by specific lot numbers. Lot
numbers must represent processing periods of no greater than eight hours to assure
reliability of dosimetry and quality assessment records on all treated products.
Plant, grounds and operating equipment shall be free of conditions which may result
in contamination of the food by any sources of insects, including rodents and
other vermin. Landscaped areas, grounds, plant buildings and structures shall be
maintained to prevent attraction, breeding or harborage of insects, rodents, birds
or any pest supporting activity. Roads, yards, parking areas should be well drained

* Present address: 2500 Torrey Pines Road, Apartment 1102
La Jolla, California 92037, U.S.A.
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and the drainage system maintained to prevent any intrusion of surface water into
the handling areas and to prevent contamination of products by rainfall or by sur-
face water. Inadequate protection of the food is considered contamination of the
food.

Hawaii Development Irradiator System

The Hawaii Development Irradiator was commissioned and placed in service
in March of 1967. The facility was a multi-purpose pilot-plant irradiator
designed to process packaged products at the rate of 6,000 pounds per hour.
The unit was used to treat papaya at a disinfestation dose (less than 0.1 kGy)
as part of the quarantine treatment. The principal operating steps were
1) receipt of product in one isolated area, 2) movement of the product through
a radiation cell in a two-pass, step-dwell configuration for accumulation of
dose, 3) removal from the cell to a treated area, physically isolated from the
untreated area. All packaged products for quarantine treatment must be in
insect-proof packaging. Containers used were standard cartons sealed with tape.
Each package contained ten pounds or ten papaya. Package bulk densities were
in the range 22-28 pounds per cubic foot (0.35 to 0.45 g/cm ). The Hawaiian facility
was used to treat papaya, mango, avocadoes and a variety of other products in-
cluding potatoes, ginger root and flour as a service.

Operational Requirements
Control procedures require licensing and operation of the radiation cell in

conformity with the Nuclear Regulatory Commission (NRC) regulations. Conveyors,
and step-dwell times are controlled to achieve the required dose. Dose geometry
is as monitored by Fricke dosimetry or other dosimetry using approved ASTM methods.
Treated products are identified by a radiation sensitive dye or marker system to
provide positive assurance that the product has been processed. Processing records
are required to show 1) actual exposure times,2) operating characteristics of the
conveyor system, 3) verification of absorbed dose by dosimetry of test samples, and
4) records of conveyor and processing exposure times.
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The primary considerations are 1) that an irradiator must be simple in
design, 2) source array raised vertically from the storage position,
3) conveyor of simple design to provide reliability for constant operation,
4) a sensing device to monitor the actual performance of the conveyor in the
step-dwell sequence to assure complete record of the exposure of the product,
5) records of dosimetry monitoring at the beginning of a operating period
and at the end of the operating period with dosimeters in representative
maximum/minimum dose positions within an actual package of product being
processed, 6) lot sizes representing processing runs limited to a maximum of
eight hours or one shift, and 6) records or invoices for each treated lot
available for inspection by PDA and USDA-APHIS quarantine officials. Quarantine
treatment will require frequent consultation with the quarantine authority to
verify that operating parameters are being satisfied.

A quarantine treatment facility must be registered with quarantine authori-
ties. Inspection should verify that all licenses and approved operating procedures
are complied with. All product storage, handling and shipping systems must be
inspected and maintained in an approved sanitary condition at all times.

Radiation Cell

Radiation cell shall be maintained in accordance with the Nuclear
Regulatory Commission regulations. Conditions of the license must assure com-
pliance with approved operating conditions. NRC and USDA-APHIS shall be
notified of any and all changes of operating conditions or plant conditions
which could result in nuclear safety violations or violation of quarantine
security. All laboratory activities in support of nuclear safety require
documentation. Operating parameters of the radiation source and conveyor
system shall be provided with a recording system that will monitor exposure as
well as processing conditions for each package. These records shall be pro-
vided to USDA-APHIS inspectors.
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