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Abstract

In the irradiation process, absorbed dose is the key parameter that must be
controlled. In general, the minimum absorbed dose needed to accomplish a
desired effect, such as insect disinfestation or pathogen reduction, is already
known from previous research, and is often prescribed by government regulations.
The irradiation process is effective, however, only if the food can tolerate this dose
without experiencing unwanted changes in flavor or appearance. The dose that
food can tolerate often depends on such things as the variety of the fruit or
vegetable, where it was grown, the season in which it was harvested and the length
of time between harvesting and irradiation.

Once the minimum and maximum doses are established, the irradiator operator
must make sure that these dose limits are not exceeded. First, a dose mapping
using many dosimeters must be undertaken to determine the locations of the
minimum and maximum dose in the overall process load. From then on, the
process load must always be the same, and, as a key step in the overall process
control, dosimeters need to be placed from time to time only at the minimum or
maximum locations. The dosimeters must be calibrated and directly traceable to
national or international standards, and a fool-proof method of labeling and
segregating irradiated from unirradiated product must be used. Radiation sensitive
indicators that may help identify irradiated from unirradiated food should not be
relied upon, and are not a substitute for proper dosimetry.
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Introduction

The irradiation process can provide a wide range of very useful effects on many food and
agricultural products. The effects, for example, range from inhibiting sprouting of potatoes
and onions at very low doses (0.030-0.150 kGy), to sterilizing all insects in fruit, inhibiting
opening of mushrooms, deactivating trichinella in pork, retarding ripening of mangoes,
extending the shelf-life of fish, eliminating vibrio cholerae in frogs legs, inhibiting mold in
strawberries, reducing spoilage in meat, and reducing salmonella in poultry (at 3-7 kGy). At
relatively high doses of 20-40 kGy, all viruses are eliminated, and sealed food packages
become shelf stable and will last for years without refrigeration.

Although the gamma rays, x-rays, or electrons that are used for the irradiation process will
raise the temperature of most foods by less than 1 C° for every 4 kGy, the radiation will have
some effect on the product. The important information that must be determined is what dose
is needed to accomplish the desired effect and what dose will start to cause an undesirable
effect. From a safety point of view, an expert Joint Study Group that was convened at the
World Health Organization (WHO) headquarters in Geneva in September 1997, concluded
that "foods treated with doses greater than 10 kGy can be considered safe and nutritionally
adequate when produced under established Good Manufacturing Practice". From a scien-
tific point of view, they concluded that "no ceiling should be set for food irradiated with doses
greater than 10 kGy". The important point here is that the upper dose, where changes in
taste and appearance start to occur, should be determined from tests using the actual
products produced and packaged in the region of interest, and not because of any safety
considerations. Unfortunately, many countries, including the United States and Mexico, have
placed restrictive upper limits on the doses that can be used.

Dose limits

The dose that is required to accomplish the desired effect on the food product, whether it be
ripening retardation, insect deactivation, or salmonella reduction, should be available from the
literature, and in many cases is dictated by governmental regulations. The question is: will the
food product be able to tolerate this required dose without the food becoming damaged in some
way, such as a slight change in taste or a discoloring of the skin? This same question applies to
other food processes. In the case of the irradiation process, this is complicated by the fact that
when irradiating commercial quantities of product loaded In large cartons or stacked on pallets,
the product will receive a range of doses instead of all receiving exactly the same dose.

Dose distribution

In practice, it is impractical to get a uniform dose for commercial quantities of product, and
so, efforts are made to minimize the range of dose experienced in each box or pallet load of
produce. There are a number of parameters that affect the dose distribution within the product.
Figure 1 shows a case where gamma pencils in a source plaque are irradiating a carrier loaded
with boxes of product passing by. The dose absorbed at any point within one of the boxes will
depend on the type of the source pencils (^Co or 137Cs), their strength, their positioning
(geometry) within the plaque, the amount of time the carrier spends near the source, the distance
(d), the density of the food product, and the loading pattern in the carrier. Clearly, this dose
distribution will change if there is a change in any of these parameters. A similar set of parameters
apply when produce passes in front of an electron beam or an x-ray source.
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Figure 1. Parameters affecting absorbed dose.

As can be seen from figure 2, the absorbed dose will be higher at position A than at position
B. To minimize the dose differences in the product (to bring the maximum to minimum dose
ratio as close to unity as possible), the usual procedure is to irradiate the product from two
sides as shown in figure 3. There are many engineering methods to make the dose distribution
more uniform, including 4-sided irradiation, using selective shielding, altering the distribution
of the pencils in the plaque, or using other shaped plaques. In the case of electron-beam
machines, the product usually makes multiple passes, each time presenting a different face
toward the target.
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Figure 2. Absorbed dose as a function of penetration into product.
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Depending on the food product and its density, the maximum total (combined) dose for
two-side irradiation of pallet loads of produce (at positions A and B in Figure 3) can be as
much as 3 times the minimum dose, which would be normally located somewhere in the
center of the pallet load. This maximum/minimum dose ratio can be lowered, of course, by
reducing the width of the load, but this would usually require that the boxes of product be
unloaded from their original pallets for treatment.

A

A

A

B

B

B

Absorbed
dose

Total

Figure 3. Typical absorbed dose distribution from a 2-sided gamma irradiation.

Dosimeters

Dosimeters are used to measure absorbed dose and ensure that the food product receives
the required treatment. Selection of an appropriate dosimetry system requires matching its
performance with the specific application criteria. This selection process is described very well
in Standard Guide E1261 "Selection and Application of Dosimetry Systems for Radiation
Processing of Food", published by the American Society for Testing and Materials (ASTM).
Briefly, the dosimeters must be accurate, be usable in the absorbed dose range of interest,
be rugged, be stable with time, have minimum sensitivity to environmental conditions
(temperature, humidity, stray light, etc.), and be traceable to national standards. Radiation-
sensitive indicators (often known as Go/No-Go labels), on the other hand, can only indicate
that some irradiation has occurred, and because they cannot be calibrated, they cannot be
used to assure a minimum dose has been achieved. The limitations of these labels are
described in ASTM Standard Guide El 539 "Use of Radiation-Sensitiue Indicators".

Dose mapping

The precise procedures for determining the absorbed dose in food are documented in two
ASTM Standard Practices: El204 "Dosimetry in Gamma Irradiation Facilities for Food
Processing" and El 431 "Dosimetry in Electron and Bremsstrahlung Irradiation Facilities
for Food Processing." They outline the exact procedures to be followed in irradiator charac-
terization, process qualification, and routine processing of food to ensure that all the product
has been treated within a predetermined range of absorbed dose. Briefly, the process involves
conducting an exhaustive 3-dimensional "dose mapping" throughout each product loading
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configuration using many replicate dosimeters to determine the exact locations of minimum
and maximum dose. This dose mapping must be performed for all product configurations
prior to routine production operations.

Routine dosimetry

Once the dose mapping is complete for a given product loading configuration, and for a
given set of operating parameters, dosimeters are placed periodically only at the maximum
and minimum locations during routine operations. If the maximum or minimum locations
are not readily accessible, however, dosimeters may be placed at "reference dose positions"
where a relationship can be established between the absorbed doses at the reference position
and the maximum or minimum absorbed dose positions.

The placement of a dosimeter on each box of produce, on the other hand, is unnecessary
and indeed may be misleading. This is because it would be highly coincidental if these
dosimeters happened to be situated at either the maximum or the minimum dose locations;
therefore, the resulting dose measurements would give intermediate readings between the
true maximum and minimum doses. The resulting massive amounts of data would have littte
value since they would provide neither of the two desired numbers, and would, in fact, show
an artificially narrow dose distribution.

The concept of "overall average dose" is also of little or no interest in radiation treatment
of food products. Again, the only doses of interest are the minimum dose and, to a lesser
extent, the maximum dose.

Dosimetry standards

For irradiation treatments to be reproducible in the laboratory and then in the commercial
environment, and for products to have certified absorbed doses, standardized dosimetry
techniques are needed. This need is being satisfied by standards being developed by ASTM
Subcommittee El 0.01, which consists of a group of ~ 170 experts from 46 countries. A total
of 21 ASTM dosimetry standards have been published in Volume 12.02 of the 69-volume
Annual Book of ASTM Standards. An additional 10 standards are under development or are
in the process of being balloted, a procedure that requires unanimous technical consensus
of all the interested parties. Twelve of the standards are practices on how to use specific
dosimetry systems for radiation processing. Seven of the standards are practices on how to
characterize and use gamma, x-ray, and electron beam irradiation facilities. The other
standards give procedures on how to calibrate dosimeters (making them traceable to national
or international standards); how to treat dose uncertainties; how to perform dose mappings;
and how to run a standards calibration laboratory. In addition, the first 20 of the 21 completed
ASTM standards are in the process of being balloted as international standards by the
International Organization for Standardization (ISO).

Dose assurance

ASTM standards El 204 and E1431 for conducting dosimetry in irradiation facilities for
food processing give very specific procedures for performing dosimetry during routine
production processing of food. They also cover certification, documentation, facility logs, and
retention of records.
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Similar irradiation procedures have been used widely and routinely in the US, Mexico,
Canada, and Europe for a number of years by the medical devices industry for sterility
assurance. Procedures and standards generated by ISO and the Association for the Advan-
cement of Medical Instrumentation (AAMI) are relied upon by the US Food and Drug
Administration and similar national regulatory bodies in other countries. For example,
Document ISO 111 37 "Sterilization ofHealth Care Products - Requirements for Validation
and Routine Control - Radiation Sterilization" covers validation, process control, and routine
monitoring in gamma, electron beam, x-ray, and bremsstrahlung radiation facilities for
processing health care products. This ISO standard, which refers to the ASTM standards for
specific dosimetry systems, describes the requirements for assuring that the activities
associated with the process of radiation sterilization are performed properly. These activities
comprise documented work programs designed to demonstrate that the radiation process,
operating within specified limits, will consistently yield products treated with doses that fall
between predetermined limits.

Overall security of the process

As with the sterilization of medical instrumentation, the process of food irradiation has to
rely on a validated and rigorously controlled protocol. For the overall process to be acceptable,
however, attention has to be given to the prior status of the product being irradiated, including
its packaging and handling. Clearly, a shipment of fruit with numerous live larvae will be
unacceptable to the customer whether or not the larvae are sterile or deadl!

As a result, as with the hot water, hot gas, fumigation, or other quarantine treatments, for
example, it is imperative that the fruit and vegetables are of high quality and are essentially
insect free before treatment. Again, as with those other treatments, fruit and vegetables that
are undamaged will hold up to irradiation much better than mishandled product. The
irradiation treatment should not be used to "clean up" the product, but should be used to
provide the additional overall security. Irradiation, in many cases, fits perfectly into the system
of process controls to Prevent food safety problems known as the "Hazard Analysis and
Critical Control Points (HACCP)" method.

Conclusions

It is clear from the above discussions that standardized dosimetry procedures for food
irradiation are in place and have been used routinely for years for other applications in the
CIS, Mexico, and elsewhere. In the case of medical devices, the assurance of sterilization has
been provided to the satisfaction of regulatory agencies simply by rigorous quality assurance
(QA) and quality control (QC) programs along with these standardized dosimetry techniques.
The use of similar procedures for the release of food products, when there still is no readily
available test to determine if the product has undergone the treatment, should be equally
acceptable to regulatory agencies, worldwide.

In summary, the technology to release food products on the basis of dosimetry, when
combined with a proper QA/QC program, is proven, reliable, and routine.


