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LOW ENERGV SELFStilELDED ELECTRON PROCESSING SYSTEMS

Sam V. Nablo

Energy Sciences Inc.

8 Gill Street
Woburn, MA 01801

April 1987

The geometry and operating characteristics of selfshielded
electron processors with accelerating voltages to 300 kV will be reviewed.
The energy loss mechanisms in the system will be discussed with special
attention to the window design features. Standard techniques for the
characterization of this equipment will be described, in particular thin
film dosimetry, so that a detailed knowledge of the beam's energy spectrum,
spatial distribution and yield (i.e. optical efficiency) can be readily
determined. The general approach to automated operating (slaving) of a
processor to production requirements will be described, along with some of
the features of microprocessor controlled processors.

The integration of this energy source with fully selfshielded
product handling systems will then be described with special attention on
radiation safety considerations and failtsafe features incorporated in
system design. The record of safety performance of some 200 of these units
in the industrial environment will be reviewed. The general features of
web and sheet handling systems will be presented to provide an understand-
ing of some of the major advantages and limitations of this equipment in
industrial use.

The scale-up of these machines and the processes which they
initiate, will be discussed, with a description of the current state of
their development to the 1 Ampere operating level capable of 1 Mrad at 1500
meters per minute. A brief prognosis for future trends in electron pro-
cessor development will be presented.
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APPLICATIONS OF SELFSHIELDED ELECTRON PROCESSORS IN INDUSTRY (1987)*

Sam V. Nablo

Energy Sciences Inc.
8 Gill Street

Woburn, MA 01801

September 1987

1. INTRODUCTION

The development of self-shielded electron processors in the seven-
ties, suitable for unrestricted use in the industrial environment, has led to
a variety of new commercial processes/applications utilizing these efficient
sources of ionizing radiation. The growth of the industry in this decade has
followed a pattern of broadly diversified applications, rather than the total
domination of any particular process or industry. This pattern is the result
of end users applying the technology to achieve a unique property advantage in
the product - usually one that cannot be achieved by conventional processes
(such as with thermal or chemical initiation). The consequence of this is a
paucity of published data on comparative process cost data due to the proprie-
tary attitudes of the end user.

A measure of the stage of development of this industry can be seen
from the fact that of the over 200 units manufactured and delivered by our
company, some 40% of these are in actual production use while the remainder
are in pilot use (20%) or are laboratory units (40%). Table 1 presents a
summary, some of which was recently published by Berejka(1) on the size of the
industrial electron beam market. The relatively broad application of this
equipment for laboratory/R&D applications adds at least another 140 machines
to the total of 460 originally listed in his work.

The data in the table illustrates the fact that the first three
applications (shrink tubing and film, wire and cable, vulcanization of rubber)
dominate industrial use (over 60%) and reflect the relatively passive nature
of the chemistry involved. That is, if one is careful about the free radical
inhibiting additives in a polyolefin, or rubber, no significant modification
of the base material is required to accomplish crosslinking with its resulting
property enhancement. Of course sterilization is also a "passive" applica-
tion, and its numbers are included in "service centers" and "other".

*Presented at the Ireland Nuclear Energy Board Seminar on Industrial Applica-
tions of Electron Beams, The Burlington Hotel, Dublin, April 16, 1987.
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This situation is in contradistinction to the far more difficult
free radical initiated addition polymerization chemistry involved in surface
curing applications for paper, film, foil and fabric converting. In these
applications, one is faced with the problem of solventless coatings/adhesives/
inks development which will satisfy the requirements of the finished product.
This represents the most formidable obstacle to the growth of the "surface
curing" industry. Good progress has been made over the past decade in broad-
ening the base of available commercial formulations (coatings, adhesives,
inks) and this paper presents a brief review of the status of several of these
more interesting and active industrial applications.

The writer has assumed that the reader is familiar with the prin-
ciples of operation of the selfshielded electron processors, and can review
the literature for greater detail (2-5). One of the most important advances
these selfshielded curtain or scanned systems represent is their qualification
for use in an unrestricted area, an area defined by the U.S. Occupational
Safety and Health Act (6) as "any area access to which is not controlled by
the employer for purposes of protection of individuals from exposure to radia-
tion ...". This development has provided industry with electron sources which
can be applied to existing process lines without recourse to exclusion areas,
vaults and related biological precautions involved with "conventional" high
energy scanned accelerators. A cut away of a processor of the Electrocurtain®
geometry is shown in Figure 1, including its web-handling Shelfshield*. For
purposes of reviewing the following applications, Figure 2 presents the elec-
tron penetration performance of these processors at operating voltages to 300
kilovolts.

2. STERILIZATION

The lethality of ionizing radiation for most common bacteria and
virus, especially pathogens, is well understood and documented (7,8). Given
the limited penetration capability shown in Figure 2, It is clear that this
equipment is limited to surface sterilization or very thin product steriliza-
tion applications. Work has continued in this laboratory for the past 15
years on the application of this energy source to the in-line sterilization of
preformed containers and container materials in aseptic filling applications
(9) as well as for the controlled depth of sterilization of pre-packaged
medical products (10). An illustration of such applications. are shown in
Figure 3 for packaged and prefilled products. In Figure 3(a), the 50-100
gm/m2 package or pouch is sterilized as well as the outer surface of the
syringe, without delivery of significant energy to the drug itself. A view of
an in-line sterilizer now in use for such an application (involving prefilled
bottles in the 6-8 ounce range) is shown in Figure 4.

It is certain that this physical form of sterilization will safely
replace many processes now involving chemical agents (such as ethylene oxide
or hydrogen peroxide), in particular for the sterilization of porous products
such as powders and non woven or woven fabrics, as well as for the controlled
depth applications illustrated in Figure 3.
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3. PAPER COATINGS

The ability of electrons to instantaneously polymerize a printed
or coated, liquid monomer - prepolymer film (11) with no appreciable tempera-
ture elevation or effluent, offers a unique route to controlling the coated
film characteristics on widely different substrates. For example, unlike
solvent based condensation polymerized coatings on paper, the electron cured
system provides control of the strike-through of the wet film into the sub-
strate. Very high fidelity reproduction of the image imparted to the film by
an engraved or polished cylinder can be achieved without the film relaxation
or distortion associated with thermal processes.

There are many areas where this new capability is being used,
particularly in achieving high gloss, low weight coatings on paper and board,
and in providing super-smooth base coatings on paper for later vacuum metal-
lization applications, for example. A state of the art coating line located
in Sydney, Australia is shown in Figure 5. This 200 kV X 850 mA unit, working
with the Polytype coater provides a 3 Mrad uniform treatment across 1.65 meter
web at a speed of 450 m/minute.

Many new coating processes have been developed using the "drum
curing" configuration of Figure 6. In the case shown, the coating is applied
to the drum (which may itself be engraved) and then cured while in contact
with the substrate so that it released easily from the metal surface. The
high fidelity of reproduction of the engraved image has been the subject of
several papers and patents, as these processes take full advantage of the high
rates of polymerization of the solvent less coating.

4. PRINTING

One of the major advances in electron processing over the past
three years has resulted from its application to web offset printing, largely
for food packaging applications. A single curing station can be used after 4
or 5 color stations and, typically, after the application of a wet "trapped"
overprint varnish. Some 30 units are in use around the world for web-offset
printing and the process has already been reduced to practice in sheet fed
applications. Several of the major ink suppliers such as Sun Chemical and
BASF-Inmont have developed a broad range of high quality EB curable inks with
low dose to cure ( 1 Megarad).

The next major use of electron curing will occur in the security
printing area for reasons already mentioned (12). A small 60 cm wide Electro-
curtain is already in use at the Bureau of Engraving in Washington, DC for the
intaglio printing of postage stamps. In fact, the ability of the "Instan-
taneous polymerization" of imaged liquid films to "freeze" with such fidelity
the information contained in the image assures a wide range of application to
holography printing, particularly for anti-counterfeiting purposes.
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5. METAL AND WOOD COATINGS

The application of electron cured coatings to metal substrates has
been limited to date. Only Polymer-Physik (0. Dttrr) has reported on the auto-
motive wheel application at Wolfsburg, FRG (13) while the Japanese have
reported on the Eliosheet application at Nippon Steel (14). In the latter
case, the hardness (12H) and good formability of their EB cured steel coatings
have led to unique product applications. Since adhesion is usually a problem
on such inorganic substrates, special priming techniques have been developed
for this application which can be used "wet on wet". One of the wood coating
uses of the equipment is illustrated in Figure 7 as commercialized at
Universal Woods Inc. in Louisville, KY since 1980. This single station over-
print varnish - laminating adhesive application of free radical initiated
polymerization has produced a product of unusual durability and aesthetic
quality. A view of the line capable of handling 4' X 10' panels at speeds to
100 fpa. is shown in Figure 8. Several other "wood panel lines" in use around
the world (Asia, Europe, USA) have employed vault-shielded scanned equipment
with good success for over a decade.

6. CROSSLINKING OF POLYMERS

This major area of electron processing invloves three different
products: wire and cable insulation, shrink film and tubing, and packaging
films. Because each of these products requires special product handling
equipment, each will be treated in turn.

With the limited penetration of this equipment (Figure 2), this
equipment has been applied to commercial, extruded jacket crosslinking for
some time (15) using compact, multipass Selfshield festooners of the type
shown in Figure 9. A modern 300 kV system using longitudinal treatment of the
product is shown in Figure 10; this unit is capable of treating jacketing up
to 500 g/m' or more at rates of 4800 Mrad m/minute in a 14 pass system. For
typical polyethylene or polyvinylchloride jacket applications on hook-up wire
(where melt temperature/abrasion resistance and cut through are of major
concern) treatment levels of five Megarads are involved, so that product
speeds of 4800 5 = 980 meters/minute are possible with this modest unit.

For the shrink tube/film application, usually involving poly-
olefins, treatment levels in the 4-10 Megarad range are used to impart a
crosslinked "memory" to the product before its expansion at elevated tempera-
ture. Shrink ratios in the 2:1 range or more are required for most end appli-
cations. Because of the higher doses involved in this work, the product is
usually handled on a cooled drum in order to prevent product distortion during
the crosslinking process.
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The packaging film application, again usually involving polyole-
fins, taken advantage of the very significant upgrading in film physical
properties with modest treatment doses (eg. 2 to 5 Megarads) (16). These
films are normally involved in heat sealable packaging constructions, and the
volume of film treated for this "value added" through simple olefinic cross-
linking has become very large. Most packaging film crosslinked on Self-
shielded equipment is run in 2X or 4X folded form since film thickness of
25-50 g/m2 are typical and, as shown in Figure 2, these units will easily
accomodate product thickness to several hundred grams/m^ with good uniformity.

7. FLUE GAS TREATMENT

The use of energetic electrons for the treatment of stack gases
has been studied for some time for the enganced removal of the several pol-
lutants of concern for pollution control (in particular N0x and SO2). Inter-
est has intensified in the past two years as this utility (coalfired power
plants) application has been extended to the prospects for large scale (1500
ton per day) incinerator application, where a wide variety of pollutants (eg.
Dioxins, Furans) are of increasing concern for these large "resource recovery"
units. The principle of the process, first studied at JAERI, Takasaki, Japan,
involves the formation of free radicals in the gas stream, into which NH3 or
CaC03 has been injected, so that chemical reactions with the pollutants occur
to form sulfate or nitrate compounds. These compounds are then removed by dry
recovery techniques such as baghouse filters.

Several pilot plants are in operation at the present tine for the
evaluation of the techniques, and the reader is referred to the proceedings of
the IAEA Karlsruhe conference for a review of the technology (17).

The most ambitious electron beam pilot to date is located at the
RDK-7 550 Mwe coal fired station on the Rhine River in Karlsruhe, FRG. This
20,000 m3/hr slipstream is handled in the manner shown in Figure 11, in which
two 300 kilovolt X 1050-mm X 300 mA Selfshielded accelerators are located for
bilateral operation on a 90 cm diameter duct. The layout of the pilot system
is detailed in Figure 12 and shows the impact or baghouse filter from which
the nitrate/sulfate products are collected directly from the flue gas stream
as it moves toward the stack. Current effort is directed to the development
of appropriate processor module: reaction chamber geometries for scale-up.
With overall power efficiencies of 65% or better, their power economics for
the utilities are most attractive.

It appears that the selfshielded processor offers an attractive
route to the utility/incinerator application. The modest dose requirements
(1-2 Megarads) indicate that the electron beam power levels some IX of the
plant output will be necessary. Present technology offers modules in the 300
kw range (300 kV X 1 Ampere) (18). There is much work to be done before the
appropriate voltage: current tradeoffs per module are concluded (19) -
largely due to continual improvements in the chemistry of this "dry" electron
beam process.
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CONCLUSION

Many new applications of the selfshielded electron processor have
emerged over the past 5 years which continue to demonstrate the advantages and
practical problems associated with these efficient, compact energy sources.
Many of these, such as for the curing of: binders for abrasive products,
binders for magnetic media, binders for textile flocking, silicone coatings
for release papers, etc., offer good prospects for growth but are thusfar in
limited use. With this ever broadening base of process technology, the
prospects remain "bullish" for the expanded industrial use of these new energy
sources. With their unrivalled process efficiences and high throughputs,
improved appreciation of their advantageous economics assures expanded
application in an increasingly energy/environmentally concerned world economy.
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TABLE 1
WORLDWIDE INDUSTRIAL ELECTRON PROCESSOR MARKET

Industry

Shrink Tube/Wire & Cable

Shrink Film

Automotive Tires

Surface Curing

Other Applications

R&D/Lab Units

Service Centers

Total

Number of Units

180

95

30

100

30

140

25

600

30

16

5

17

5

23

4

100
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Figure 4 Electron sterilizer system showing Selfshield® and outfeed.
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Figure 5 In-feed view of CB 200/165/1520SP EPZ-4 Electrocurtain®
integrated with Polytype coater.
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THE INDUSTRIAL APPLICATION OF HIGH ENERGY ELECTRON ACCELERATORS

In 1895 Roentgen showed that accelerated electrons can produce
X-rays, and in the following year it was shown that X-rays
inactivate micro organisms. These two events started the
concept of radiation processing which now has many applications.

The industrial applications of accelerated electrons are so
diverse that is is not possible in forty minutes to even mention
every application much less than to explain the advantages of
electron processing. It is the object of this presentation to
cover the more important and significant applications so that
the diversity of applications are demonstrated.

We have divided the industrial applications into two broad
topics which are: (a) Non Destructive Examination with high
energy X-rays and (b) high energy electron beam processing.
High energy, here, is defined as 1 MeV and above.

The story started in 1895-6 with the inactivation of micro
organisms by X-rays, and so we should commence with the
application of the process to sterilisation.

STERILISATION

The feature that has proved so valuable is sterility assurance
allowing dosimetric release due to the accurate control of the
processing parameters. In recent times, the elimination of
chemical residues has further enhanced the attractiveness of
radiation sterilisation. Since 1980 the operating cost of
electron sterilisation has become lower than Cobalt 60 resulting
in an increasing trend toward electron sterilisation but this
does not herald gamma being phased out, rather both methods
being carefully evaluated and the most suitable chosen, whereas
previously, electron sterilisation was considered too expensive.

FOOD PASTEURISATION

The process is essentially the same but directed toward food
rather than disposables. Food treatment with either gamma or
electrons is probably the most exciting emerging application as
the process will require many more processing facilities than
are required for disposables treatment. It should be remembered
that the main concern we see in the popular press and media is
directed toward food for human consumption. If the process is
accepted for non human food or even non foods there will still
be a large requirement for processing equipment. Consider the
treatment of chicken feed to remove salmonella. There are
450,000,000 chickens bred in United Kingdom per year, consuming
3,000,000 tonnes of feed. If this feed was treated at 7 KGy to
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eliminate salmonella then the total power required from
electron equipment would be 2000 kW, or if we used gamma, it
would required 260 MCi. We should note that at present there
are eight MCi in the United Kingdom to sterilise disposables and
this is located in ten facilities. The power requirement and
number of facilities for food will make all the existing
radiation processing appear to be very insignificant by
comparison.

CROSSLINKING

Crosslinking of plastics is the main industrial application of
the electron beam and the variety of applications continues to
grow.

Wire and cable is the largest single user of electron beam power
and the sophistication of the cable utilising the technology
goes from the lowest level to the highest. The lowest level of
cable technology is typified by the electron treatment of PVC
back panel wiring used in the telecommunication industry. The
purpose is to increase abrasion resistance, cut through
resistance and to stop incipient melting and welding of the
insulation due to frictional heating when a wire is pulled out
of a bundle on a cable tray. The same property improvements
apply to auto wire, the requirement of the wiring being to
withstand high operating temperatures without melting. The
insulation thickness of PVC insulated automobile wire is
typically 0.6 mm but to insulate against 12 volts only requires
a few microns of PVC and so the main reason for the thickness is
mechanical strength not electrical. The crosslinking doubles
the strength, thereby allowing the insulation to be made thinner
which in turn allows more resistive generated heat to escape
through the insulation, allowing either higher currents to pass
or a reduction of conductor diameter. Crosslinking enables
smaller wires to be used producing smaller harnesses with vastly
improved performance properties. These high performance
lightweight small conductors are demanded for aircraft, and
electron beam treated aerospace wire is a standard product in
the industry which demands high operating temperatures, high
solvent resistance and low toxicity and smoke when subjected to
fire. These specifications are now also being applied to ship
wiring.

HEAT SHRINK

Heat shrink insulation is closely associated with wire and
cable, and there are many innovations combining heat shrink
tubing with either termination or insulation or both. The
degree of development for replacing insulation at a cable joint
includes not just insulation but electrical stress grading,

- 2 -
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mechanical stress grading and sealing in addition to simply
insulating. In the field of miniature electronics heat
shrinkable devices simplify simultaneous termination and
insulation of multi pin connectors. These connectors are often
incorporated into sealed harnesses which themselves rely on heat
memory plastics to maintain their integrity when used in
extremely demanding environments. The alternative ways of
manufacturing sealed harnesses are difficult and expensive.

POLYMER FOAM

Polymer foam has a variety of applications, the most demanding
being for use in medical appliances where foam texture is
critical when it is adjacent to a person's body even if there is
a fabric cover. Control of consistency and choice of properties
are difficult to obtain using conventional foam making processes
and if the specification is demanding then to achieve the direct
properties is expensive.

Using electron techniques, precise control of cell size and
structure is a standard feature of the process, as is continuous
production and the elimination of accurate foaming temperature.
The resulting high quality foam is not high cost, and hence, can
be applied to sports goods and even carpet backing.

PIPES AND TUBES

Pipes and tubes are also users of electron crosslinking for
various different reasons. In Germany there is extensive use of
underfloor heating using polyethylene pipes which are sealed in
the concrete floor. The tubes must not fracture in service and
must continuously withstand hot water. The electron beam will
inexpensively crosslink continuous or at least long lengths of
tube giving them the required high temperature strength and
"creep" resistance. Several years ago, the technique was used
on drip feed irrigation tubing in California since the
combination of intense sunlight, together with fertilizer
dissolved in the water, caused the polyethylene tubes to stress
crack within one year of use. Electron crosslinking removed the
environmental stress cracking problem so the tubes could be
reclaimed at the end of the year and reused, whereas previously,
they were ploughed into the soil at the year end. The technique
has been applied to hoses of mixed elastomer, thermoplastic
construction. Polyethylene is chemically inert but normally
melts. If the inner liner of a hose is produced from electron
crosslinked material it can then have conventional elastomer
applied as a covering and conventional heat cured, resulting in
flexible elastomeric hose with superior chemical resistance to
conventionally manufactured elastomic hoses.
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SHEET

Elastomers can also be either fully or partially crosslinked or
vulcanised. The technique has been applied to single ply EPDM
roofing sheet, electron beam cold curing the sheet eliminates
gas evolution, a feature of normal curing. It has been
suggested that the electron beam could cure the sheet but leave
a 5 cm strip down one edge uncured. This strip now becomes the
adhesive to join adjacent strips together even if the level of
cure in the strip is 30% to 40% rather than zero.

It is possible to cure one side or both sides of a sheet by
controlling the energy of the electrons but it is not possible
to do this using heat. This facet could be attractive for a
conveyor belt which is basically an elastomeric construction but
requiring a thermoplastic top cover for use in the food industry
where elastomeric conveyor belts are not acceptable

The advantage of the elastomeric belt is flexibility, whereas,
the thermoplastic conveyor is easy to clean. The electron
treatment would allow both criteria to be met.

The tyre industry is the largest user of electron curing in the
elastomeric industry. The application is to partially cure the
body plys that comprise the tyre by introducing controlled
levels of cure but still allowing the final cure-shaping and
final properties to be developed in the tyre. This control
allows a reduction in rejection and allows the tyre designer to
reduce the over design features needed previously by reducing
the number of plys. This makes for a lighter tyre, which in
turn, needs less energy to fully cure the tyre and reduces
costs.

There are several unusual applications that are interesting,
have potential, but need time to develop.

GAS

Gas cleaning is such an application which may have dramatic
environmental effects. Using the electron beam it is possible
to remove the SOx and NOx from exhaust gases and in some cases
produce a saleable by-product.

WOOD

The treatment of wood chips with the electron beam was
investigated several years ago. The first industrial plant was
installed to pasteurise the wood chips, thereby, reducing the
losses due to fermentation. The fermentation losses can be
considerable from piles of wood chips that weigh hundreds of
tonnes, but the process failed because although the chips
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emerging from the accelerator are pasteurised, they are soon
reinfected with spores when they are piled up on the ground. If
the chips were stored in the silos or sealed containers the
fermentation process would be eliminated, but the cost of silos
exceeded the savings from stopping the fermentation. There was
an interesting side effect to the electron treatment of wood
chips: the pulp yield increased by nominally 10%. This was
attributed to the molecular weight reduction of the lignin and
other fractions, thereby allowing a higher yield- Again,
although of interest, it was still not an economic justification
for the process. Electron treatment of cellulose is still an
interesting field, and research work is continuing on molecular
weight modifications of cellulose.

Another interesting application of electron treatment is the
wood plastic composite. It has been found that electron
polymerisation of some monomers can be achieved with very low
power, and it follows that polymerisation of acrylates and
polyesters when absorbed into wood produces a wood plastic
composite that has some very attractive properties, such that
impregnated soft wood can be made harder to simulate hard woods
and impregnated hard woods can be made even harder. The
classical uses of wood plastics are flooring, hand rails and
wooden cutlery handles, but again, the cost of the process is
high and therefore limits the use.

GEM STONES/SEMICONDUCTORS

From time to time, the electron treatment of precious stones
becomes interesting and the changing of the colour of diamonds
and opals to raise the stones into the next price band has been
attempted and in some cases with reasonable success. The
principle depends upon modification of the crystal structure
probably by the increase of vacancy concentration and the
possible migration of small atoms to them so they are
stabilised. The increase in concentration will change the
stress levels in the crystal and therefore, change its colour.
This effect is clearly demonstrated with glass. When it is
irradiated it will change from clear to straw. Increasing the
dose, it becomes gold, brown and eventually black, but by
heating the glass it will become clear again, or, if allowed to
stand for a considerable time it will slowly clear as the
vacancies are annihilated.

The effect is cosmetic for gem stones but can be used to modify
the carrier life time in a semi conductor. A vacancy can be
created by moving an atom off its lattice site and the total
energy reduced by migration of a small atom to produce a
condensed atmosphere similar to carbon pinning of dislocation in
steel. This effect can be modified by low temperature heat
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treatment which will also reduce the total vacancy concentration
but it also determines the maximum working temperature of the
device. If the temperature is exceeded, further vacancy
reduction occurs and the response of the device will change.
The attraction of the process is two fold. The response of the
device can be controlled so that repeated electron - heat
treatments may be made to produce the desired response. The
electron treatment is an alternative to the gold diffusion
process which is exceedingly difficult to control, hence,
produces a significant number of rejects that cannot be
reclaimed. It has been suggested that electron treatment could
be used to reclaim some gold treated devices where the diffusion
of the gold is less than required. The electron could be
considered as a "Gold Top-Up'. It follows that over-diffused
devices cannot be reclaimed by electron treatment.

X-RAYS GENERATED FROM HIGH ENERGY ELECTRONS

We started with medical sterilisation when considering
processing and so it is appropriate to start with the X-ray
generation for medical applications. High energy X-rays and
electrons with energies up to 20 MeV are used for cancer therapy
where the biological inactivation properties are directed in a
controlled way to selectively kill infected cells. The demands
for dosimetry are stringent and control of the equipment equally
so, ensuring precise areas are treated and the prescribed doses
not exceeded.

Industrial applications, although they are all variations of non
destructive testing, the requirements of each application are so
different that each application becomes a separate topic and
should be considered as such.

CASTINGS

The radiography of heavy steel castings is an extension of
standard X-ray radiography. The advantage with the accelerator
is one of high flux and high penetration and hence the ability
to make short exposures even when the thickness of steel is
considerable. In addition, the short exposure reduces the
incidence of scattered radiation and hence the resulting
radiographs are clearer. Equally important, the source size
with the accelerator is very small giving a high level of
definition to the radiographs even when the component is
extremely thick.

The main limitation to its use is the cost of the equipment.
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CIVIL STRUCTURES

The high penetration and good definition can be exploited for
the examination of bridge structures to determine the level of
corrosion that has occurred to the reinforcing bars. In normal
situations 1.5 metres of concrete would be considered as
protection from X-rays, but the accelerator's output is
sufficient to penetrate this thickness, obtaining detail of the
reinforcing bars and the oxide surrounding the bar allowing
qualitative measurements of the bar diameters. The next stage
of the trials are to compare radiographs of new structures with
that of corroded structures so that quantitative measurements
may be made. It should be noted that although the equipment is
powerful it is nevertheless portable.

THE EXAMINATION OF ARMAMENTS

The X-ray examination of a projectile is another demanding
inspection situation. In this case, fractures and voids need to
be identified in the projectile's filling material, which has
the density and consistency of paraffin wax. Unfortunately the
filling is contained within a steel case which has a thickness
of 1 cm at the thinner points and at the base is solid steel.
The technique can determine bubbles 2 mm in diameter and base
separation of 0.25 mm. Clusters of bubbles and contraction
cracks can similarly be determined.

This type of defect inspection can also be applied to other
armament devices such as rockets, mines, bombs, torpedoes etc.

DYNAMIC RADIOGRAPHY

Dynamic radiography with high energy X-rays has to date been
confined to aero engine inspection. The availability of high
powered machines, together with a real time image forming
network, has allowed the technique to progress from the
laboratory into routine inspection. Rolls Royce has pioneered
the techniques so that they can inspect the individual stages in
a gas turbine, both qualitatively and quantitatively,
determining clearances and movements of the components during a
variety of running conditions. The development of the image
forming network has continued to a stage where the resolution is
close to the resolution obtained from film and if image
processing is applied to the film image then even more detail
can be obtained using enchancement techniques.
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CARGO SURVEILLANCE

The combination of the accelerator, image forming network and
gas sampling and analysis enabled British Aerospace to construct

a cargo surveillance facility in the Middle East. The gas
analysis equipment will identify drugs, alcohol and explosives,
but the X-ray equipment can show arms hidden in harmless cargo,
such as hand guns or grenades rolled up in carpet. In a
demonstration using a standard family car it was possible not
only to identify a hand gun hidden in the door pocket of a
family saloon but there was enough resolution to see the shells
in the magazine.

EQUIPMENT

The linear accelerator is used to produce X-rays for the
applications above, but it is also used as a research tool. The
National Physical Laboratory uses a Viritech 20 MeV accelerator
for dosimetry standards setting, investigations into dosimetry
systems and effects providing both primary standards for a full
calibration service as well as a reference service
to the radiation industry.

There are many research accelerators scattered throughout the
world, not the least at Establishments such as U.K.A.E.A.
Harwell, and the ultimate in Europe are the CERN accelerators.

Accelerators for processing plastics have a variety of
configurations and it is worth noting that for processing,
whether it is tubing, wire, food or medical disposables, the
conveying equipment is as important as the accelerator although
considerably less costly. The processing plant consists of the
accelerator, the biological shield, conveyor and safety system
and the product defines the conveyor and the range of products
is defined by the accelerator.

CONCLUSION

The Industrial Processing accelerator competes with other
processing techniques and although it may have a "Space Age"
image it will only be used by industry if it is economically
viable. The area of application that is changing with the
evolution of high energy medium power accelerators is the use
for medical sterilisation as an alternative to gamma but the
future application that is evolving slowly and that will use
many kilo watts of electron power is food.

The processing accelerator is here to stay and it will extend
its application into even more diverse applications in the
future than it has in the past.
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CGR MeV
551 rue de la miniere
78530 BUC -
FRANCE
Tel : (1) 30 70 42 12

T. SADAT

HIGH ENERGY UNITS IN

FOOD AND PHARMACEUTICAL

PROCESSING

20 years ago, we designed and realised a linear accelerator
CIRCE II for radiosterilisation of medical disposable supplies
and food irradiation.

The performances of this machine are 7 kW power and 6 MeV
energy. It is installed in the private service plant centre
CARIC which is located in the south of Paris.

Thanks to this machine, CARIC treats yearly 25000 m of medical
disposable supplies, 500 T of plastics, 500 T of cosmetics,
2 million of perfume bottles for coloration and 1000 T of food.

Moreover, CARIC spends 300 hours per year for the process
developpement.

As the demand for irradiation keeps rising in France, we
received last year an order from CARIC for a new machine. At
present, this new machine is installed in CARIC just beside the
old one.

The performances of the new machine are the following :

CIRCE
Beam diameter 3 cm

Pulse duration 14us

Energy/pulse 30 J

Repetition rate 300-900 Hz

Scanning rate 10-30 Hz

Scanning width 50 cm (variable)

ENERGY 7-10 MeV

penetration 50cm for d=0,15
(double 20cm for d=0,4
side) 8,5cm for d= 1,0

POWER 10-20-30 kW

radiosterilization 6-18 m3/h at 25 kGy

decontamination 15 -45m3/h at 10 kGy

food preservation 25-75 T/h at 1 kGy



CGR MeV has believed in this technique and bet on its develop-
ment. That is why we have designed and realised a special
machine for food irradiation : the CASSITRON.

The performances of this machine are the following :

CASSITRON

Beam diameter 3 cm
Pulse duration 22Ous
Energy/pulse 100-200 J
Repetition rate 50 Hz
scanning rate 50 Hz
Scanning width 50 cm

ENERGY 8-10 MeV
penetration 50cm for d=0,15
(double 20cm for d=0,4
side) 8,5cm for d=l,0

POWER 5-10 kW

radiosterilization 3-6 m3/hat25.kGy
decontamination 7,5 A 5 m3/h at 10 kGy
food preservation 12-25 T/hat 1 kGy

This machine has been installed at the end of 1986 in a chicken
factory located in Brittany and is used for decontamination of
mechanically separated poultry meat.

What are mechanically separated poultry meats ?

After the carving of poultry legs and wings, an appreciable
amount of meat adhering to bones remains on carcasses and
necks, which represents for chicken 24 % of the eatable meat.

A manual boning is very expensive but, at the beginning of the
70s, machinery was adjusted to separate mechanically soft
tissues, meat and fat, from bones and sustaining tissues. After
having been ground, separated and pressed through a sieve, this
meat is used in canning industry as forcemeat (stuffed pasta),
emulsions (quenelles, sausages), in baby food industry, in
dehydratation industry and mainly in the delicatessen industry.

SPI, a private company, subsidiary of a French food processing
group, GUYOMARC'H, is dealing in this field and is the first
French producer of mechanically separated poultry meat.
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Despite a severe choice of raw material and drastic respect of
hygiene and cooling chain rules, about 15 % of mechanically
separated poultry meat are lost for human consumption because
they do not fit with biological criteria ; the main causes
being salmonellas, E. Coli and Staphylococci.

SPI thought about ionisation to make up that loss. Other
techniques were not possible such as heat for example because
the poultry meat had to remain uncooked for delicatessen
industry. Moreover, this product could bear the surcost of
ionisation.

The choice between cobalt and accelerator remained present. The
limiting factor was that treatment time should be as short as
possible to avoid the thawing of products. The treatment with
gamma rans being too long for deep-frozen products, the accele-
rator had the advantage of allowing a treatment of a few
minutes.

SPI decided to purchase a CGR MeV accelerator of 5 to 10 kW
power and 8 to 10 MeV energy. Poultry meat is placed in
polyethylen bags of same weight (10 kg) and same dimensions
(53 x 35 x 5,5 cm) and is deep-frozen at - 18°C. It is then
decontaminated by electron beam.

SPI has a yearly production of about 5000 T. Without ioni-
sation, about 1000 T are lost for human consumption and sold at
a lower price as petfood. There is a loss of profit that
ionisation could make up. SPI can make money with ionisation by
electron beam.

ANNUAL OUTPUT 5000000 KG
SELLING PRICE 7 FF/KG

WITHOUT lONIZATION WITH lONIZATION

20% (1000000 kg)
are lost for human
consumption

Loss of profit :
1 000000kg(7-l,5F) =

5 500000 FF

Total investment
Operating costs
.fixed costs

15 MF
(1985)

4 MF
.varying costs 1,3 MF
TOTAL

5 300000 FF

-41 -



nrw
CGR MEV IDENTITY CARD

in radiothe-
decided at
to make of

a subsidia-

CGR MeV

CGR MeV, a subsidiary of
THOMSON-CGR, has a staff of
280 people and its turnover
in 1985 was 234 million
francs. Located in Buc, near
Versailles, where it occu-
pies 73000 square feet, CGR
MeV is one of the leaders
specialized in the manufactu-
ring of accelerated parti-
cle beam equipment in medi-
cal, scientific, industrial
and food fields.

CGR MeV was created in 1955
by CSF, as a Particle Accele-
rator Department. Following
tha good results
rapy, THOMSON-CSF
the end of 1972
this Department
ry company of CGR. With the
holp of the marketing organi-
zation of CGR, CGR MeV sa-
les have increased, in Fran-
ce and abroad, from some 20
million francs in 1973 to
234 million francs in 1985.

Accelerators

CGR MeV manufactures a line
of linear particle accelera-
tors for radiotherapy with
an energy ranging from 5 to
25 MeV (MeV = million elec-
tronvolt). The first one, SA-
GITTAIRE, with an electron
energy of 32 MeV, was manu-
factured in 1968. Set up in
a Marseilles hospital, it is
still operating for medical
purposes. The other accelera-
tors are the NEPTUNE, the SA-
TURNE and the ORION.

EJITIeV

Cyclotrons

CGR MeV has also pursued the
activities of the former Ac-
celerator Departement of
THOMSON-CSF, in the fields
of machines for physical re-
search. For example, CGR MeV
has a series of circular ac-
celerators, CYCLOTRONS, with
a variable energy ranging
from 16 MeV protons to 100
MeV protons. Many of these
machines have medical appli-
cations (neutrontherapie, ra-
dionuclide production for Nu-
clear Medicine).

Industrial accelerators

In 1962, CGR MeV conceived
and manufactured a linear ac-
celerator, CIRCE I, for in-
dustrial irradiation. CIRCS
I is in operation in the Ser-
vice Plant CARIC.

CIRCE II, a new version of
CIRCE I, was built in 1986
and is to operate also in CA-
RIC Centre. CIRCE II perfor-
mances are 10 MeV and 10 kW.

In 1985, CGR MeV began the
development of a new type of
accelerators, CASSITRON, con-
ceived to be easily inser-
ted in food factories.

At the end of 1985,
had sold in the world :

CGR MeV

- 272 linear accelerators,
-130 cobalt units,

34 simulators,
15 cyclotrons,
3 industrial accelera-
tors

40 % of which in
60 % for export.

France and
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Industrial accelerators

are used for :

1. Treatment of polymers 4. Treatment of agro-foods-
tuffs

Ionization is used to trig-
ger modifications in order See following page,
to produce new types of mate-
rial. The area covers a con-
siderable market and ioniza-
tion has already made a
breakthrough in the face on
traditional processes.

2. Treatment of medical or
hygiene products

Ionization sterilizes dispo-
sable supplies which are sub-
ject to strict standards of
hygiene. There is a tenden-
cy for the treatment by ioni-
zation to develop in a mar-
ket which is expanding, to
the cost of traditional ther-
mal or chemical processes.

3. Cleaning of urban sludge
and garbage

The objects are three in num-
ber :

- to protect public health
and eliminate the risks of
epidemics,

- to protect the environ-
ment and, finally,

- to recover substances con-
taining proteins and nitro-
gen which are useful for
agriculture and animal
breeding.
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A NEW TECHNIQUE FOR PRESERVATION OF FOOD

IONIZATION

Considering the numerous new
food products regularly arri-
ving on the market, it is ob-
vious that the food indus-
try is one of the most dyna-
mic branches in modern indus-
try.

However, the food industry
could not exist without pre-
servation processes. It is
impossible indeed to handle,
transport and sell perisha-
ble foodstuffs without pre-
serving them. That is why in-
vestigation for finding pre-
servation processes has al-
ways been the aim of man
from the beginning of man-
kind till now. For example,
fumigation and salting were
among the first preserva-
tion methods, canning and
pasteurization appeared much
later, in the last century,
freezing and lyophilization
during this century and,
still more recently, ioniza-
tion has been investigated
as a new preservation techni-
que.

Are all these processes qui-
te satisfactory and healthy ?
Certainly not. Some of them
preserve food for a long ti-
me but destroy vitamins,
others preserve vitamins but
destroy morphological as-
pect. As a conclusion, fresh
products still remain the
ideal food.

However considering the way
of life in our modern socie-
ties, we have to admit that
fresh products have become a
"luxury", almost a privile-
ge. Why ? For several rea-
sons, one of them being that
in our modern society, time
management has become THE
point and fresh products
mean a waste of time compa-
red to elaborated products.
On the other hand, elabora-
ted food products must pre-
sent some more advantages li-
ke availability, convenien-
ce, safety than just saving
time, in order to be appre-
ciated.

So, it is up to the consu-
mer to choose among fresh
and elaborated products the
one which best fits the re-
quirements of his way of li-
fe, while it is up to the
food processor to make the
best choice among the diffe-
rent existing processes in
order to satisfy the consu-
mer demand.

From several points of view,
ionization is among the most
satisfactory processes. The
wholesomeness of ionized pro-
ducts has been demonstrated
by scientific investiga-
tions during the past 40
years.
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Ionizing radiations and
their effect on food

For technical and
sons, only gamma
ted by 6DCo
and electron

safety rea-
ays, emit-

or J-̂ 'Cs, X rays
beams with an

energy equal to
than 10 MeV, are
food preservation-

or lower
used for

Although these three types
of radiation differ from
each other in nature (X rays
and gamma rays are electroma-
gnetic while electron beams
are corpuscular) and in ori-
gin (gamma rays are of nu-
clear origin, X rays and
electron beam of electronic
origin), they induce the sa-
me effects in irradiated ma-
terial. These effects are ex-
clusively chemical ones with
biological consequences (Ap-
pendix I).

It has been firmly establis-
hed that living organisms
are extremely sensitive to
radiation.

The more complex the structu-
re of the organism, the mo-
re important this sensitivi-
ty and this sensitivity is
much more important when the
vital processes occurring in
the organism are numerous,
for instance :

0,008 JcGy is the death do-
se for a human
being,

0,3 kGy kills insects,
3 kGy kills bacteria,
50 kGy inactivates enzy-

mes.

So, taking advantage of both
physico-chemical effects of
radiation (production of ra-
dicals and ions) and diffe-
rent radiosensitivities of

biological tissues, we can
use radiation for food pre-
servation.

Foodstuffs are made of li-
ving tissues. Biological ac-
tivities inside those tis-
sues modify their characte-
ristics : morphology,consis-
tency, texture, flavour,
smell, and, finally, nutriti-
ve value may be affected.

Biological activities may be
inherent to cells of foods-
tuffs as, for instance,
sprouting, or they may be
due to the presence of
moulds, yeasts, bacteria or
enzymes. Any technique inhi-
biting biological activi-
ties, is a preservation tech-
nique but it will be more or
less appreciated according
to the secondary effects in-
duced in food (appendix II).

Indeed, chemicals such as I.
P.C or maleic hydrazine inhi-
bit the sprouting of pota-
toes or onions but change
their composition ; cooking
or heat processing destroy
bacteria and enzymes but mo-
dify their morphology ; deep-
freezing inhibits most of
bacteriological activities
but affects texture and sen-
sorlal aspect.

Radiation process, on the
other hand, is an efficient
preservation technique : ra-
diation destroys all biologi-
cal processes without modi-,
fying the characteristics of
food, because the cells of
the organisms which alter
food are more complex than
the cells of foodstuffs them-
selves.
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For instance, the
larva are more
than the cells of
Although radiation

cells of a
structured
an apple.
is not se-

lective, the larva will be
destroyed before rays af-
fect the apple itself.

Regulation

More than 230 clearances for
using the ionizing treat-
ment for food have been gi-
ven in 33 countries. The Co-
dex Alimentarius approval
(1983) is the consequency of
the joint expert committee
FAO/AIEA/OMS (1980) recommen-
dations .

Main steps of ionization
development

1895 Discovery of X-rays
1896 Demonstration of death

effect of X-rays
1901 Sterilization of cultu-

re media by gamma rays
of radium

1921 US patent for elimina-
tion of Trichinella
Spiralis by ionizing
radiation

1930 French patent for pre-
servation of foods-
tuffs by ionizing ra-
diation

1943 Radiosterilization of
hamburger in OAK RIDGE

1948 Start of tests at Low
Temperature Station in
CAMBRIDGE

1950 Start of test done by
US army within the
schedule "atom for pea-
ce"

1960 Start of experiences
about toxicology

1976 Approval of ionizing
treatment for a cer-
tain number of pro-
ducts by joint expert
committee FAO/AIEA/OMS

1980 Recommendation of
joint expert commit-
tee FAO/AIEA/OMS for
treatment of foods-
tuffs up to a 10 kGy
dose

1983 Approval of Codex Ali-
mentarius

Ionization is the only pro-
cess for which wholesome-
ness has been demonstrated
by so many scientific inves-
tigations. It is well known
that :

- ionization does not indu-
ce any radioactivity,

- ionization does not indu-
ce any mutagenic effects,

- nutritive value and vita-
mins are not significally
affected.

As a consequence, the Codex
Alimentarius recommended io-
nizing treatment up to 10
kGy for all products. Howe-
ver, using radiation is not
allowed in every country.

In some countries, like in
France, individual clearan-
ces are needed. Considering
that, in France, 15 indivi-
dual clearances have alrea-
dy been given, we may be su-
re that the French health au-
thorities are aware of the
industrial and economic inte-
rest of ionization. And yet,
they are not ready to allow
ionizing treatment accor-
ding to the Codex recommenda-
tions .

French attitude seems to be
reasonable because they will
be in position to control
who, when and for what purpo-
se wants to use this techni-
que. In our mind, this con-
trol is necessary because
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there is no detectable difference between treated and untrea-
ted products, which is a positive point for this technique but
also a negative point because one may take advantage of this.

Advantages and limits of ionizing technique

The main advantages of ionization are mentioned here-after.

Ionization :

ALLOWS

Treatment of packed
products

Sterilization without rise
of temperature

Use of plastic material
for packaging

Quick treatment

Physical treatment without
residues

Switch on and off when
desired

Treatment of fresh products
without morphological
change

Efficient use of energy

AVOIDS

Hazard of recontamination

Damage of thermo-sensitive
products
Loss of weight

Heavy cost of transpor-
tation

Temporary storage
Acess costs
Breaking of refrigerating
line

Storage for desorption
Pollution
Allergy hazard

Disturbance of production
cycle and output

Use of costly preservation
methods
Complex transportation
means

Loss of energy
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It is well known that ioniza-
tion can preserve food pro-
ducts but it cannot improve
their quality. The destruc-
tion of some bacteria, germs
and insects is possible
thanks to this technique but
some structural and functio-
nal modifications may occur
when high doses are used. Of
course, these modifications
are quantitatively and quali-
tatively the same as (or lo-
wer than) with other proces-
ses. But, if the quality of
the products is bad, higher
doses will be required for
decontamination and, conse-
quently, more radicals will
be formed.

On the other hand, ioniza-
tion is an oxidizing pro-
cess . Carbon-hydrogen links
(particularly the unsatura-
ted ones) are broken and in
the presence of oxygen, oxi-
dation is greater.

In order to avoid oxidation
we have to use :

- a high dose rate to avoid
chain reactions which gene-
rate free radicals,

- deep-freezing to avoid ra-
dicalar diffusion,

- vacuum to avoid oxygen ef-
fects.

Target products

Every kind of food can not
be treated industrially by
ionizing energy. Only the
products answering the follo-
wing criteria are supposed
to be the target of this
technology :

1. They must
treatment ;

need hygienic

2. For economic and technolo-
gical reasons, they must
not allow any treatment
by other techniques ;

3. They must support the sur-
cost of irradiation ;

4. They must
tly in the
ket.

not enter direc-
consumer's bas-

For example, preservation of
potatoes thanks to ioniza-
tion which inhibits their
sprouting is allowed in seve-
ral countries. Even some de-
monstration plants exist but
no private industrialist has
yet invested for such purpo-
se because the chemical
treatment is much cheaper ;
spices, on the other hand,
are treated more and more by
ionizing energy because they
fit in with the above-mentio-
ned criteria. Generally,
they are highly contamina-
ted (1 to 20 million
germs/g). Moreover there are
some problems in treating
them with classical proces-
ses : there are residuals
when they are treated by che-
micals, and organoleptic cha-
racteristics are destroyed
when heat processing is used.
In addition, their price is
high enough to support the
irradiation cost.

Mechanically separated poul-
try meat, pork meat are al-
so targets for ionizing
treatment. Radiation des-
troys pathogenic microorga-
nisms, for instance salmonel-
las. Also exotic fruit like
mangoes, papayas, or even le-
mons, oranges, grapefruits
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could be good targets for io-
nization because fumigation
has been banned.

These numerous products re-
present only 5 to 10 % of
all target products. 90 % ha-
ve to be discovered in the
future. Mechanically separa-
ted poultry meat is a good
example of a recently deter-
mined target product. A few
years ago, nobody would ha-
ve thought of MSPM as a tar-
get product for ionization
because nobody knew its exis-
tence. MSPM appeared on the
market as a logical conse-
quence of a change in our
alimentary habits. The mo-
dern housewife buys more and
more elaborated, prepared,
semi-prepared products and
less and less fresh basic
products. This evolution ia
our alimentary habits is lin-
ked to a social evolution.
The consumer has more and mo-
re to manage his time and be-
comes more and more reluc-
tant to clean, peel, chop
fresh basic products. On the
other hand, he does not want
to give up tradition comple-
tely and likes, to a cer-
tain extent, preparing his
food himself.

Because the food industria-
lists are fully aware of
this phenomenon, they pre-
fer selling elaborated pro-
ducts with a surcost rather
than cheaper basic products.
So, they try to imagine
still more new products, ta-
king into account not only
their nutritive qualities
but also their presentation,
the way they will be consu-
med and the frequency at
which they will be bought.

These new elaborated pro-
ducts will need an adequate
preservation method. Let's
consider deep-frozen pizzas :
most of the pizzas delive-
red to a super-market on
Thursday are sold on Friday
or Saturday, the rest of
them are sold a week later.
So a two week shelf life
will be sufficient for this
product.

Such a result can easily be
obtained by using ioniza-
tion and thus consuming less
than 1000 kJ energy while up
to now the pizza consumer
has to spend 900 kJ energy
for thawing what had been
deep-frozen previously with
10000 kJ.

Radiation sources

Cobalt 60 and Cesium 137 ra-
dioisotopes and electron ac-
celerators are used for pro-
ducing ionizing radiation.

Each of these sources has
its own advantages and its
own limits. Their respecti-
ve efficiency depends on the
type and the packaging of
the product which is to be
irradiated, and also on the
characteristics of the ancil-
lary equipment (a conveyor
essentially made for con-
veying fish would be less ef-
ficient for conveying grains
for example).

a. Radioisotopic sources

radioelements
'Co, which are

gamma rays, are used.

137Cs and
generating
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- 1 3 7Cs, which emits a gam-
ma ray with 0,6 MeV, is a
by-product of nuclear reac-
tor waste. Its use im-
plies technological and sa-
fety problems. Indeed,
13'Cs, which belongs to
the alcalin group, cannot
be easily solidified. The
137Cs salts, often haloge-
nures, are easily hydroly-
sed. So, any minor acci-
dent may have serious con-
sequences .

- 60Co emits 2 gamma rays,
one of 1,17 MeV energy and
one of 1,33 MeV energy.
The absorption of one neu-
tron by 59Co leads to the
formation of °"Co. This is
possible only in high neu-
tronic flux reactors or in
the reactors using heavy
water.

60Co is a metallic element
and is more safe than 1 3 7Cs.
60Co and 137Cs emit gamma
rays continuously ; it would
be an advantage (high relia-
bility) but also a disadvan-
tage because it is impossi-
ble to stop them.

b. Linear accelerators

Particle accelerators are
used to produce electron
beams or X rays.

Principle

Acceleration of electrical-
ly charged particles is ba-
sed on the electrostatic in-
teraction. The attractive or
repulsive forces are stric-
tly coulombian forces and
there is not any relations-
hip between them and either
nuclear forces or radioacti-
ve phenomena.

An accelerator is a cylin-
der in which an electric
field is developed. The elec-
tric field is obtained by ap-
plication of a voltage at
each extremity of the cylin-
der. The more important the
voltage, the stronger the ac-
celerating forces and the
faster the electrons.

The speed of the electrons
is 40 % of the speed of
light when the voltage is 50
kV. When the voltage is in-
creased up to 3 MV, the
speed of the electrons is
about 99 % of the speed of
light. Then, the electrons
can penetrate the material
and the energy transfer oc-
curs.

Accelerators which produce
electron beams with an ener-
gy ranging from 50 KeV to 3
MeV are called "Low Energy
Accelerators". There are mo-
re than 400 of them all over
the world and they are used
in industry for grafting,
cross-linking and polymeriza-
tion of polymers.

For a better penetration, we
need more energetic elec-
trons. Raising the accelera-
ting voltage should raise
the speed but this is possi-
ble only theoretically. In
practice, there is a limit.
Indeed, raising the voltage
provokes electric sparking
between the electrodes and
acceleration is made impossi-
ble. So, in order to get mo-
re energetic electrons, we
have to use another technolo-
gy called pulsed accelera-
tion. A limited number of
firms in the world are able
to realize pulsed accelera-
tion. CGR MeV is among them.
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Thanks to the mastering of
pulsed acceleration, CGR MeV
has conceived accelerators
producing electron beams rea-
ching an energy up to 1300
MeV. The electrons are pul-
sed by radiofrequency waves,
in the same way a windsur-
fer is pulsed by successive
waves towards the shore. The
radiofrequency waves are pro-
duced by a klystron or a
triode. The waves are injec-
ted in an accelerating tube
composed of several cavi-
ties. The electrons produ-
ced by an electron gun recei-
ve successive pulsions in
each cavity.

As the electric field chan--

ges alternatively, the speed
of the electrons must be in
concordance with the frequen-
cy of the waves.

Using this technology, CGR
MeV conceived a linear acce-
lerator with 300 MeV energy
and 200 kW power equipping
the Nuclear Centre of Sa-
clay. The other CGR MeV ma-
chines are medical accelera-
tors producing 4 to 40 MeV
electron beams. 300 of the-
se machines are set up in
the world.

Using the same technique of
pulsed acceleration, CGR MeV
has conceived more recently
the CIRCE and the CASSITRON,
which are accelerators for
food processing.
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PARAMETERS

Dose rate

Dose

. Throughput/h

. Throughput/year
(in line)

Penetration

Density

Continuous
emission

Type of
treatment

Maintenance

Use rate

Use rate of
energy

Ancillary
equipment

Building

Total
investment

Availab.& price

Administrative
steps

Safety

ADVANTAGES

e- et X

e- if high dose
otherwise X and 8*

e- and X

e- if > 15000 TkGy
JTif < 15000 TkGy

e- if thickness x
density < 8 g/cm2

otherwise X & 8*

e- if low density
iJ'and X if high 6

y" : reliability

e- & X in line
tf & X if pallets

y > 7200 h/year

e-

e-

e-

e-

e- & X

e- & X

e- & X

DISADVANTAGES

if. long duration
of treatment

. risk of
thawing

X. needs a high-
ly powered
source

e- if > 8 g/cm2

otherwise X & 5

if : stoppage of
exploitation or
accident

e- if pallets
£ batch
o in line, low
yield

e- & X : cost of
spare parts
o : decay Co 60
and supply

e- & X • 4000 h/y

if & X

X & X : more
complex

}S"& X more complex

y& x

X : uncertain

X : basic nuclear
facility

y : radioactive
material
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AN INDUSTRIAL IRRADIATOR FOR

IONIZING TREATMENT

I - LINEAR ACCELERATORS CASSITRON LINE

Linear accelerators are elec-
tric machines which produce
high energy electron beams.
The penetration of high ener-
gy electrons is sufficient
to treat most products.

The CIRCE accelerator, manu-
factured by CGR MeV more
than 18 years ago, equips
the treatment Centre CARIC*,
a service plant, ionizing
different kinds of products
with different kinds of pac-
kaging .

Thanks to this long experien-
ce, CGR MeV conceived two in-
dustrial accelerator lines.

CIRCE II LINE

Same technology as CIRCE I
but the performance has been
adapted to the demand of io-
nizing market (10 to 30 kW
power and 10 MeV energy).

The reliability and the long
life of these accelerators
are well-known (now under ex-
ploitation 3 x 8 hours per
day).

Resulting from a new techno-
logy, it has been specifical-
ly designed to be inserted
in a production line system.

Its ratio kw x Mev is the
price

most competitive one compa-
red to other irradiators.

It is a 5 to 10 kW power and
8 to 10 MeV energy accelera-
tor.

CGR MeV accelerators have
been designed to be :

SAFE electric machine
(does not contain
any radioactive ma-
terial)

SIMPLE fully automatic
running
(no need of highly
qualified staff)

RELIABLE well tried techno-
logy
(professional com-
ponents )

MULTI electron beam and
PURPOSE X-rays

COMPACT reasonable
sions

dimen-

*CARIC : Centre d•Applications des Rayonnements Ionisants de
Corbeville. Private company located in ORSAY (91).
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CIRCE II produces high ener-
gy electrons and it is possi-
ble to produce also X-rays.
It is an industrial tool for
service plant centres. Produ-
cing a high dose rate and ha-
ving reasonable dimensions,
CASSITRON is an industrial
tool which can be easily in-
serted in a production line
system.

Nota :

W = Joule/second
wer unit

beam po-

k w = I(mA)-E(MeV)

MeV = million electron volt

Gy = J/kg (= 100 rad) : ab-
sorbed dose unit

Example of dose necessary
for :

inhibition of sprouting
0,1 kGy

insect desinfestation
1 kGy

elimination of bacteria
3 kGy

sterilization
25 kGy

II - DESCRIPTION OF A LI-
NEAR ACCELERATOR

The accelerator is
of three main parts :

- the MODULATOR

- the HIGH FREQUENCY SOURCE
(triode or Klystron)

produces, during impulsion,
a high frequency oscilla-
tion in concordance with re-
sonant cavities of the acce-
lerator.

- the ACCELERATOR

is a device which produces
the high pulsed voltage ne-
cessary for the power sup-
ply of the high frequency
source.

is composed of a series of
resonant cavities (accelera-
tor waveguide), an electron
gun, focusing lenses and a
scanning device.

The electrons, generated by
thermoionic effect in an
electron gun, are injected
into the accelerator wavegui-
de and accelerated successi-
vely by each cavity in an
electric field created by
the hyperfrequence wave. Ac-
celerated electrons are scan-
ned over the product.

II.I. CASSITRON I

CASSITRON I is an accelera-
tor with standing waves, ope-
rating on TI mode at 167 Hz.
The HF source is a TH 116
triode, operating with 4 MV
peak 50 kW average.

composed II.2. CIRCE II

CIRCE II is an accelerator
with progressive waves, ope-
rating with 2 n/3 mode at
3000 MHz. The HF source is a
TH 116 triode, operating
with 5 MV peak 60 kW avera-
ge.
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CASSITRON I

CIRCE I I

Gun

Pulse •
forming
network

ACCELERATING WAVEGUIDE

canning

Output window /
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Ill - DESCRIPTION OF THE
FACILITY

Products are transported
from the storage area to the
irradi ation room by an ordi-
nary conveyor. The elec-
trons produced by the accele-
rator penetrate the pro-
ducts which move on a regula-
ted conveyor. The dose is ob-
tained by the exposure time
(less than one second).

ELECTRON BEAM
TREATMENT FACILITY

. Switch-on of the conveyor,

. Switch-on of the beam,

. Operating time : 10 minutes,

. Warming-up and cooling
down : less than 5 minu-
tes,

. Operating parameters are
recorded (I=Intensity, E=E-
nergy, Lb=Scanning width).

SWITH-ON PROCEDURE

Closing of access ways
with a locked key which
will be used to switch on
the accelerator,

Selection of
the conveyor
coder wheels,

the dose and
speed with en-

1. Accelerator
2. Modulator
3. Scanning horn
4. Regulated conveyor
5. Loading/unloading post
6. Concrete wall for biologi-

cal shielding
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IV - DESCRIPTION OF TREAT-
MENT PARAMETERS

A. THE ELECTRON BEAM genera-
ted by the accelerator ioni-
zes the products.

PkW = beam power
Lj;, = scanning width
e = thickness of the product
E = beam energy
v = conveyor speed

l\\\\W PKw

E M«v

- Penetration

depends on the density (6)
of products and the energy
(E) of electrons.

Industrial penetration
ble side) :

0.8 E (MeV) = ...cm
6(g/cm-i)

(dou-

Example of penetration of
MeV energy electrons :

Double side

Dose
in %

10

medicinal herbs (6= 0,2)
spices (6= 0,4)
mushroom boxes (6= 0,4)
poultry (6= 0,6)
mechanically
separated poultry
meat (6= 1)
medical disposa-
ble supplies (6= 0,2)

T CM

40 cm
20 cm
20 cm
12 cm

8 cm

40 cm

- Throughput

depends on the
power (kw) and
(Mrad) as well as
and packaging of
(Ru).

accelerator
the dose
the shape
products

Q = 0.36 kW Ru = ton/h
D (Mrad)

- Dose homogeneity

. on the surface of the pro*
duct, is obtained by seve-
ral overlappings of impul-
sion (3 at least) ;
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inside the product, is ob-
tained by- a discerning
choice of the energy and
the packaging of the pro-
duct .

fossmie
o.,,...

CONVEYOR
MOVEMENT

B. X-RAYS

The deceleration of elec-
trons in a metallic target,
tungsten for example, produ-
ces an electromagnetic ray
with the same power of pene-
tration as gamma rays.

X-rays penetration (issued
from 5 HeV electrons) is 20
cm (double side) when the
density of the product is 1
g/cm3.

Throughput

depends on the accelerator
power and the dose as well
as the . conversion efficien-
cy. Re electron in X-rays and
the use efficiency Ru.

Q = 0,36 kW.Rc.Ru = ton/h
Dose (Mrad)

C. PACKAGING OF PRODUCTS

The main advantage of ioniza-
tion consists in treating
the packed products ; there-
fore most products which may
be treated by this techni-
que are finished or semi-fi-
nished products which can be
treated by 10 MeV energy
electrons.

Pallets can be treated by an
electron beam or X-rays (re-
fer hereafter scheme).

Double side

too 100

*o 20CM
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PRODUCTION

UNIT BOX CUSTOMER

LOADING DEVICE ACCELERATOR ON LINE

TRANSPORTATION LOADING DEVICE TRANSPORTATION

SERVICE CENTRE (e- and X)

UNLOADING DEVICE

UNIT BOX TREATMENT
BY ELECTRONS

LOADING DEVICE

TREATMENT OF PALLETS
WITH X-RAYS

TRANSPORTATION

The choice of electron or X-rays treatment according to unit
packaging or pallets depends also on following requirements :

- transportation (means - cost - distance),

- physical state of the product (liquid, solid, deep-frozen),

- complementary processings (sometimes a deep-freezing or a
heating treatment has to be used and products have to be un-
loaded anyway),

- storage way and stock turn-over,

and, at last, the choice of processing will be influenced by
economic criteria (total investment, operating time and run-
ning costs).
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V. PERFORMANCES

CASSITRON line
of two types
tors :

CASSITRON I

is
of

composed
accelera-

Fixed energy 8-10 MeV
Fixed scanning width 50 cm
Pulse frequency 50 Hz
Beam diameter 3 cm
Distance between output
window and conveyor 50 cm
Power 5 ou 10 kW
Scanning frequency 50 Hz
Pulse duration 220 us
Energy/pulse 100-200 J

- building,
- handling equipment,
- dosimetry equipment,

depends on the purpose of
the facility,

multipurpose or integrated,

on the nature of products
and their packaging,

in bulk or packed,

on the operating process,

automatic or manual.

A. ACCELERATOR

CIRCE II

Variable energy 7-10 MeV
Variable scanning width 30-

50 cm
Pulse frequency 900 Hz
Beam diameter 3 cm
Distance between output-
window and conveyor 50 cm
Power 10, 20 or 30 kW
Scanning frequency 30 Hz
Pulse duration 14 us
Energy/pulse 42 J

Requirements :

. electricity : 180 kVA (50
or 60 Hz, 380 three-phase)

. cooling water : 11 m3/h -
pressure : 2 bars - tempe-
rature 20 °C

. compressed air : 6 bars
(100 1/h)

Accelerator parts having
limited life are :

VI - INDUSTRIAL IONIZING
UNIT

The purpose of a ionizing
unit is the decontamination
or the preservation of pro-
ducts in the most competiti-
ve industrial conditions.

The choice of the different
components of the installa-
tion, i.e. :

- accelerator,
- ancillary technical equip-
ment,

. electron gun,
average life...

. output window,
average life...

. HF source,
average life...

2000

2000

4000

h

h

h

B. ANCILLARY TECHNICAL
EQUIPMENT

. O3 Evacuation device (5000

. Cooling system - ventila-
tion (700 m3/h)

. X target

. Markage of products

. Safety system and monitoring.
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C. BUILDING

Biological shielding

The electron accelerator is
an electric machine contai-
ning no radioactive mate-
rial ; therefore, switched
off, it represents no dan-
ger. In operation, the acce-
lerator produces an elec-
tron beam which generates X-
rays having a great power of
penetration and requiring a
biological protection (re-
fer enclosed lay-outs).

Handling and storage area

(in the case of service
plants)

500 m2 per 10 kw are necessa-
ry.

In integrated centres or au-
tomatic units, the handling
equipment is completed by :

. a loading/unloading sys-
tem,

. a turning-over device of
products.

The handling system can be
automatized by the use of ro-
bots .

E. DOSIMETRY EQUIPMENT

The biological effect of ra-
diation (decontamination,
sterilization) depends on
the energy quantity (Joule)
absorbed by a quantity of
products (kg). Gy (J/kg) is
the dose absorbed by pro-
ducts .

Offices and a technical room

(in the case of service
plants)

D. HANDLING EQUIPMENT

Performances of the treat-
ment unit depend on the choi-
ce of the handling system.

It is composed of :

. a regulated conveyor,

. a conveyor allowing the
transportation of pro-
ducts from the storage
area to the irradiation
room,

. a storage and handling as-

. sembly.

In the case of accelerators,
the total dose delivered by
the beam is measured by a ca-
lorimeter and the dose dis-
tribution in a product will
be established with radio-
chromic or PVC or KODAK
films which have been cali-
brated previously with the
calorimeter. Dimensions of
films are small. So, it is
possible very easily to pla-
ce them in different parts
of the product.
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Example of
tallation

an integrated ins- F. SERVICE

S.P.I (Societe de Proteines
Industrielles) has chosen an
accelerator for the ioniza-
tion of mechanically separa-
ted poultry meats. Mechani-
cally separated poultry
meats are deep-frozen at -
25°C then ionized for decon-
tamination.

Example of a service plant

The Societe
RIC, located
operating a
tor, CIRCE I.

Laboratoire CA-
in ORSAY, is
linear accelera-

This accelerator manufactu-
red more than 18 years ago
is under exploitation 3
shifts a day and thanks to
this machine the Laboratoi-
re CARIC treats yearly 20 to
25 000 m3 of medical disposa-
ble supplies, more than 500
of plastics and 900 T of
food.

is able
requested
technical

In order to propose a speci-
fic solution to problems re-
garding a ionization facili-
ty, CGR MeV gathered scienti-
fic, technical, industrial
specialists, designers of
handling equipment and engi-
neering compagnies. This plu-
ridisciplinary team
to undertake, if
by the customer,
and economic investigations
allowing to define the feasa-
bility of a project.

Product study

- Effects of ionization,
- Production,
- Consumption,
- Marketing structure,
- Operating,
- Price,
- Costs.

Technical study

- Packaging,
- Environment,
- Type of treatment (elec-
trons or X-rays),

- Type of additional treat-
ment (heat, freezing...),

- Treatment dose,
- Throughput.

Definition of equipment

- Accelerator (power, ener-
gy),

- Definition of the treat-
ment facility (supplies,
conveyor, automatization,
blockhouse, fluid system,
electrical system and mea-
surement and control sys-
tem),

- Definition of ancillary
premises (storage area,
technical premises, chec-
king laboratory, offices).
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Economic study

- Investment,
- Financial planning,
- Operating costs,
- Balance sheet.

Carrying out

- Study of the carrying out
of the project

. Drawing up of technical
specifications (accelera-
tor, conveyor, electri-
cal equipment, fluid sys-
tem, dosimetry equip-
ment ),

. Drawing up of the des-
cription of the buil-
ding,

. Drawing up of
pliers' schedule,

. Schedule of
rying out,

the

sup-

car-

. Guide layouts of the fa-
cility (planning permis-
sion file, building
layout, setting up of
equipment),

. Limits of supplies,

. Acceptance conditions.

- Suppliers' tender

- Carrying out on site

. Running and
tion of works,

coordina-

. Inspection of works,

. Work acceptance,

. Equipment acceptance.

- Facility acceptance

. Equipment acceptance,

. Process acceptance,

. Drawing up of running di-
rections.

- Technical assistance to
the running of the facili-
ty

. Staff training

. Running assistance
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Economic evaluation* for the carrying out of
a ionization facility

Investment (turn key project)

. Accelerator

. Ancillary technical equipment

. Civil Engineering and ancillary premises

. Handling equipment

. Dosimetry and control equipment

Multipurpose centre Integrated unit

22 MF 17 MF

Fixed operating costs

. Amortization

. Financial costs

. Working costs

4,15 MF 3,1 to 4,5 MF

Varying operating costs

. Cost of labour

. Handling

. Consumption

3,36 MF 1,55 MF

Operating cost of operating per hour

7,5 MF/5300 h = 1417 F/h 4,65 MF/3600 h = 1120 F/h

* Based upon economic data of 1985.
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Evaluation of the cost per kg for an accelerator 30 kW-10 MeV (varyi

(operating in e- and X-rays)

PRODUCTS

Onions - Potatoes
Garlic

Cereals

Fresh fruits

Fish - seafood
Chicken - meat

Spices — Medici-
nal herbs

Medical products

Dose
kGy

0,1

1

2,5

5

10

15
25

100 % e-

Ton/h

45

18

12

6

m3/h
48
18

Cost
F/T

31

80

120

240

F/m3

30
80

50 % e-
50 % X

Ton/h

26

10

7,5

4

Cost
F/T

59

142

190

350

100 % X

Ton/h

6,5

2,5

Cost
F/T

22

220

570

This technique has been recommended by International Organiza-
tions as F.A.O, W.H.O and I.A.E.A, and approved by Codex Ali-
mentarius. Already more than 260 clearances have been given in
30 countries for the treatment of food.

The carrying out of a ionization facility needs at a first sta-
ge a series of technical and economic investigations. These in-
vestigations, carried out by professionals, should allow to de-
fine the conditions in which the exploitation of such a facili-
ty would be industrially attractive.

The choice of products, the irradiator, the exploitation pro-
cess concern industrialists and the "a priori" put forward by
others would risk being prejudicial to the development of this
technique which has a lot of advantages but, as other proces-
ses, has its limits.
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APPENDIX I

MECHANISM OF ENERGY TRANSFER AND EFFECT OF RADIATION

ON THE MAIN COMPONENTS OF FOOD

Gamma and X rays or elec-
tron beams used for food pro-
cessing have an energy ran-
ging from 1 to 10 MeV. As on-
ly a few tens electron volts
are sufficient to break or
create chemical links, tho-
se radiations can initiate
chemical reactions very easi-
ly.

The way energy, which is
transferred from the ray to
the irradiated material, de-
pends mostly on the nature
of the product.

In the case of a solid, the
energy is most often direc-
tly transferred to the mole-
cules. The result is a se-
ries of excitations and ioni-
zations leading to the forma-
tion and breaking of links
between the molecules.

In the case of an aqueous me-
dium, the energy is transfer-
red most often ... indirectly
through the free radicals
formed during the water ra-
diolysis.

Direct or indirect transfer
of radiation energy to a li-
ving organism leads to des-
truction or disturbance of
vital processes.

The study of the successive
reactions of the transfer me-
chanism is extremely diffi-
cult because of the medium
complexity and also because
of the polyfunctional charac-
ter of biological molecules.

A. WATER RADIOLYSIS

The energy absorbed by a wa-
ter molecule leads to excita-
tion or ionization.

H2O
H2O

•> H2O*
•> H2O+ + e-

Prediffusional stage

At this stage, homolytical
dissociation of the excited
molecule leads to the forma-
tion of .OH and .H radicals.
The radicalar ion H2O+
reacts with a molecule to gi-
ve H3O+ and .OH.

The ejected electron is slo-
wed down and gives a subexci-
ted electron, then a ther-
mic electron and, finally,
an aqueous electron.

Diffusional stage

At this stage, the concentra-
tion of the radiolytic spe-
cies .OH,.H, e-aq decreases
in the heterogeneous zone be-
cause of :

recombination
such as :

reactions

•OH + .OH

e-aq + .OH

- diffusion of the
until the medium
homogeneous :

"> H 2O 2

-> OH-

radicals
becomes

6Ci = Ditf2 Ci EKijCiCj
6t
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- reactions with possible so-
lutes :

+ e- 02-

B. EFFECT OF RADIATION ON
THE MAIN COMPONENTS OF
FOOD

Lipids

Some organic molecules, for
instance linoleic acid, may
be altered by radical for-
med during the radiolysis.

RH + .OH > .R + H20

.R + O2 > • RO2

• R0 2 + RH > ROOH + .R
ka

R0 2 + RO 2 > ROOR + 0 2

kb

It is a chain reaction lea-
ding to the formation of pe-
roxides. This shows that pro-
ducts containing a high ra-
te of lipids cannot be trea-
ted by radiation. But each
time the rate of lipids is
low and if some precautions
are taken, the results may
be different. Indeed, in or-
der to avoid the develop-
ment of a chain reaction, it
is recommended to use va-
cuum or neutral gas packed-
products. Addition of vita-
min E is also very effi-
cient. Using radiation with
a high intensity (dose ra-
te) avoids the formation of
peroxyde.

ka G 0 H

2kb I

^QOH = radiolytic yield
ka and kb = kenetic constantes
RH = initial concentration

of lipid
I = beam intensity (or dose rate)

Protids

A lot of research work has
shown how different substan-
ces can be formed in irradia-
ted amino-acids.

The nature of these substan-
ces depends on the amino-
acid itself and on the treat-
ment conditions (0 2, dose) :
we may have H 2, NH3, orga-
nic acids. Quantitatively,
they are the same as with
thermic treatment or deep-
freezing.

Proteins are only very sligh-
tly modified because pepti-
dic links are stronger than
non-covalent links. There
the modifications concern es-
sentially the physical cha-
racteristics (viscosity, so-
l u b i l i t y — ) . So proteins
will be affected at very
high doses only.

Glueids

In an aqueous medium, glu-
cids are attached by the OH
radicals which eliminate the
hydrogen of the C-H links ;
the new radicals disappear
by dismutation, dimerisa-
tion, dehydratation, etc. In
practice, low doses cannot
alter them much. On solid
glucids (n < 12 % ) , radioly-
sis has almost no consequen-
ces and the residual water
would rather have a protecti-
ve role (energy transfer by
the H links and reaction on
the radicals which leads to
the re-construction of the
initial sugar molecule).
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Vitamins

The following data show that low doses have almost no conse-
quences on the main vitamins.

EFFECT OF IONIZATION ON A FEW VITAMINS
(mg/kg)

VITAMIN

THIAMINE
RIBOFLAVINE
"B 6"
"B 12"
BIOTINE
ACIDE FOLIQUE
"A"
BETA CAROTENE
ALPHA AND
GAMMA TOCO-
PHEROL

CHICKEN

Witness

7,4
3,7
3,5
0,011
0,04

2,4
5,2
37,1

25 kGy

7,55
4,15
3,2
0,010
0,03

2,0
3,75
11,6

PORK

Witness

6,8
17
3,2
0,017
0,015
1,2
0,89
13,2
36,1

25 kGy

6,1
16
3,9
0,019
0,16
1,1
0,84
12,5
28,5

CAT

Witness

10,7
10,5
2,8
0,053
0,44
0,85
4,2
0,44
18,9

25 kG5

6,0
10,3
1,6
0,054
0,51
0,66
0,3
0,16
19,8

Franck LEY, FOOD IRRADIATION INFORMATION (1972)

However, vitamins B and X may be affected if the product is
treated or stored in the presence of oxygen. So, in any case,
irradiation has a less negative effect on vitamins than any
other process with equivalent preservation results.

Nutritive value

Some experiments with animals (rats, mice, guineapigs, rab-
bits, poultry...) fed with irradiated food (at 25 kGy) for 3
years have not shown any negative effect.

Sensorial aspect

Deep-frozen eggs, bread, potatoes, onions, tomatoes, etc.,
irradiated at the authorized doses present no differences with
those treated by heat. On the other hand, milk and milk pro-
ducts, fat, meat and fish are affected (they get a bad taste).
At high doses, the degradation of fats leads to the degradation
of sensorial aspects.
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APPENDIX II

DIFFERENT PRESERVATION METHODS

DIFFERENT PRESERVATION METHODS

PROCESSING

PASTEURIZATION

COOKING

REFRIGERATION

FREEZING

DEEP-FREEZING

DESCRIPTION

heat processing

Use of a 100°C tempe-
rature during a varia-
ble time, then rapid
cooling to 0°C

An airtight packed
product is submitted
to a temperature supe-
rior to 100°C during
a sufficient time

cooling

Temperature close to
0°C without reaching
freezing point

Decreasing of tempera-
ture under freezing
point (depends on food,
a few degrees under
0°C)

Has practically repla-
ced freezing. Rapid
decreasing of tempera-
ture so as to get
quickly over crystalli-
zation point (coming
early after harvest or
cutting)

SHELF LIFE

Limited : need of a
cooling system, sto-
rage , sale

Long (years) ; storage
at a room temperature.
Some limits

Limited : "fresh
products"

Depends on storage
conditions (essential-
ly temperature)

Long but depends on
products
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DIFFERENT PRESERVATION METHODS

PROCESSING

PARTIAL
DEHYDRATATION

DEEP
DEHYDRATATION
(in thin layer,
by atomization,
lyophilization)

INSECTICIDES
RATICIDES
FUNGICIDES

CONSERVATIVES
ANTIOXIDIZING
AGENTS

DESCRIPTION

drying

Concentration of the
product, more often
associated with other
physical (pasteuriza-
tion) or chemical pro-
cesses (by adding
sugar : sweetened con-
densed milk)

High-level or total
drying

chemical processing

Destruction of preda-
tors (rats, insects)
or mould but potential
recontamination ; and
presence of residuals
in more or less con-
trolled quantity and
more or less toxic

additives

Bacteriological role ;
preserve organoleptical
or nutritive qualities

fumigation

Absorption of compo-
nents of smoke on food

SHELF LIFE

Depends on other pro-
cesses used, on pac-
king (airtight or not
and storage tempera-
ture

Depends on packing
(airtight, vacuum-
packed or inert atmos-
phere) ; otherwise
risk of rancidity for
lipids for example.
Can be long.

Variable

Variable, generally
associated with other
processings

Variable, generally
associated with other
processings (brine,
partial desiccation) .
can be long (a few
months)
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DIFFERENT PRESERVATION METHODS

PROCESSING DESCRIPTION

"confissage"

Impregnation with a
substance (sugar,
vinegar, fat)

irradiation or ionizing treatment

IONIZATION Emission of gamma or
X rays, or electron
beam

SHELF LIFE

Quite long, a few
months

of food

Depends on doses and
type of products and
other processings
associated
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APPENDIX III

IONIZATION OF FOOD IN FRANCE

CLEARANCES, REQUESTS UNDER EXAMINATION AND IN PREPARATION

PRODUCT

Food for laboratory
animals
Onions, garlic,
shallots
Spices
Mechanically separa-
ted poultry meat
Dehydrated vegetable
Gum arabic
Mixture of flakes &
cereal germs
Blood, plasma, cruor
(dehydrated)
Dry vegetable and
fruit
Packing "Bag-in-box"
Egg white

Plants for infusion
Powder of rice and
vegetable
Deep-frozen frog
legs
Deep-frozen shrimps

Poultry

Sauerkraut

Strawberry, rasp-
berry
Corks

OBJECTIVE

Sterilize

Avoid
sprouting
Pasteurize
Eliminate
salmonellas
Pasteurize
Pasteurize
Pasteurize

Pasteurize

Desinfest

Sterilize
Eliminate
salmonellas
Pasteurize
Pasteurize

Eliminate
salmonellas
Eliminate
salmonellas
Eliminate
salmonellas
Control
fermentation
Extend shelf
life
Eliminate
moulds

AUTHORIZED

1975/1981

1977/1984

1983/1986
1985

1985
1985
1985

1986

1986

REQUESTED

X
X

X
X

X

X

PREPARED

X

X

X

X
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CARIC second accelerator -
conveyor system

CARIC second accelerator
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CASSITRON in SPI - top view

CASSITRON in SPI - scanning horn
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CARIC first CGR MeV accelerator
in operation for 20 years
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Loading post in SPI

Conveyor system in SPI
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SPI Chicken factory - outside view

Deep-frozen poultry meat
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FOOD IRRADIATION - A NORTHERN IRELAND DIMENSION

by

Professor C.H. McMurray and Dr. M.H. Stevenson

Agricultural and Food Chemistry Research Division,

Department of Agriculture for Northern Ireland and

The Queen's University of Belfast,

Newforge Lane, Belfast BT9 5PX.

Irradiation is a technology which has been exploited in a wide

variety of industries ranging from sterilisation of medical

products and polymer modification to applications with respect

to food. Whilst food irradiation has recently become a

controversial subject, the process has been studied for many

years. Despite the fact that the report produced by the

Advisory Committee on Irradiated and Novel Foods has confirmed

that the process will provide safe and wholesome food,

irradiation is a technology which is still waiting to take its

place alongside other established food preservation methods.

Two aspects are important to the food processor and consumer,

namely, improvement in food safety through the elimination of

pathogenic microorganisms such as Salmonella and the extension

of shelf-life. Both of these objectives are relevant in the

context of a changing consumer market.

-79-



In order to study various aspects of radiation technology the

Department of Agriculture, Northern Ireland, has installed a

unique gamma beam irradiator at the Agriculture and Food Science

Centre, Newforge Lane, Belfast. The Gamma beam 650 from Atomic

Energy of Canada Ltd. contains 50,000 curies (1850

tera-becguerels ) of cobalt 60 and is housed in a specially

constructed building which ensures a safe working environment

during all phases of the irradiation process.

The principle of operation of the machine is very simple. The

cobalt 60 is doubly encapsulated in stainless steel pellets

which reside within a lead cask when the irradiator is not in

use. When cobalt 60 is required for irradiation the pellets are

blown up under air pressure into the stainless steel exposure

tubes. Each tube can be loaded individually and the process is

remotely operated from the control console. In addition, the

position or geometry of the tubes can be altered. This

flexibility in operation allows complete control over both the

dose rate and the total dose to which food or materials are

exposed. The most intense radiation is delivered to samples

placed on the central table when all the tubes are loaded with

cobalt and are in the fully closed position. Also, sufficient

material for consumer acceptability trials can be placed on

turntables external to the exposure tubes, thus ensuring

uniformity of dose throughout the material being irradiated.
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The nature of the equipment therefore provides a very versatile

approach to the design of experiments devised to evaluate the

technology This flexibility is enhanced even further through

the provision of air-conditioning which allows the air

temperature to be controlled between 4 and 20 °C + 1 .

Some 70% of the "over £ 1 billion" worth of food produced in

Northern Ireland is exported and the planned research programme

will be targetted to evaluating the impact of irradiation

technology, if it is permitted, on the local food industry.

Although, it is intended that efforts will be concentrated on

specific foods and food products, the irradiator will be

available for contract research by companies with their own

special interests in food or non-food materials who may need to

have the process evaluated. As a result of consumer demand for

prepared meals the potential of irradiation for the preservation

of these complex food systems requires examination as a matter

of urgency.

One of the main objectives of the research programmes will be to

determine the minimum irradiation dose required to maintain

product quality and the expectations of the consumer while at

the same time achieving the desired effect, whether this be

extension of shelf-life or elimination of potentially harmful

pathogenic microorganisms. The irradiation process will not be

considered in isolation but in combination with other food

preservation techniques, such as modified atmosphere packaging

-81-



and temperature control. These aspects will be studied using

the pilot scale processing plant available on site.

Irradiation has the major advantage over many other processing

techniques in that it allows treatment of the food in its final

package, thus preventing re-contamination by harmful

microorganisms which would cause deterioration or a reduction in

food safety. This therefore implies that the packaging must be

suitable not only for maintaining the desired atmosphere within

the package but must also withstand irradiation. It is

essential that no undesirable chemical products arising from the

packaging are transferred to the food thus affecting its

acceptability.

The value of the irradiator is considerably enhanced by the wide

range of analytical instruments and techniques which are

currently available on site and are being used by those involved

in food chemistry and microbiological research in many food

related areas. The equipment which is essential for the

chemical, microbiological and organoleptic testing of irradiated

food includes both low and medium resolution mass spectrometers,

the latter instrument being operated with a range of interfaces

including capillary gas chromatography and thermospray interface

for a high pressure liquid chromatographs. In addition, there

are capillary gas and high pressure liquid chromatographs,

UV/visible spectrometers and a modern sensory evaluation unit.
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One of the current issues in relation to the application of food

irradiation is the absence of a suitable test which will detect

irradiated food. A number of approaches to solving this problem

are being considered and at present two areas have been selected

for specific attention. Firstly, the possibility of using

electron spin resonance spectroscopy to detect free radicals

produced in high dry matter tissue as a result of irradiation.

Another line of investigation is the detection of unique

radiolytic products produced from irradiated lipids using mass

spectrometry and gas chromatographic techniques. This type of

approach is required because of the very small amounts of

radiolytic compounds produced. In addition, it is necessary to

discriminate between products formed as a consequence of

irradiation and those occurring naturally as a result of either

microbiological attack or through the action of other food

processing techniques.

The main target for activity must be in areas where the process;

if allowed, will permit the production of increased value

products and/or alternatively allow the products to reach more

distant markets in good condition. We therefore consider that

there is substantial scope for the use of the process in the

poultry and mushroom sections of the food industry. In

addition, many other products could be irradiated to advantage

and these need to be thoroughly investigated before final

recommendations can be made as to the commercial feasibility and

suitability of the processing technology in the Northern Ireland

context.
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SEMINAR ON INDUSTRIAL APPLICATIONS OF ELECTRON BEAMS

THURSDAY 16th APRIL 1987

The Burlington Hotel, Dublin 4

Radiological Safety

- A Brief Outline of the Regulatory Position in Ireland -

N V Nowlan

Those of you who have been reading the Irish newspapers recently

may consider it presumptuous for me to say anything at this time

about the regulation of radiation safety in Ireland. After all

the Government has issued a statement saying that the Nuclear

Energy Board is about to be dissolved. However, the EEC

directives on radiation safety have not yet been adopted by

Ireland and the Board, through its own licensing procedures, has

been the only body responsible for enforcing the conditions laid

down in the 1980 EEC directives as well as the basic principles

of radiation protection recommended by the ICRP.

Unless, therefore, the dissolution of the Board is, like the

monastic establishments of old, to leave only ruins behind it,

it is necessary to make a few basic assumptions. Let us assume

that the same powers of licensing and control will continue to

be experienced by whatever body succeeds us (Fig. 1), and that

the procedures for licensing will be broadly in line with our

current practice and what is more or less accepted

internationally.
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PRESENT REGULATORY PROCEDURES

In Ireland it is contrary to the law and punishable by fine or

imprisonment or both to import, possess, store, use or dispose

of radioactive materials or equipment capable of generating

ionising radiation without obtaining a licence or permit from

the responsible authority. Furthermore, the licensee must agree

to be subject to inspection, to operate through trained

personnel, to keep records and in general to behave responsibly

towards his staff and the public at large in all matters

touching on radiation safety.

What therefore, is the position of the individual or firm who

wishes to set up in Ireland using one or other of the electron

beam units which we have heard described today?

FIRSTLY: He must apply for a licence to do so

SECONDLY: He mist be able to justify the use of ionising

radiation by showing that alternative techniques

are unacceptable

THIRDLY: He mist agree to operate within the prescribed

Halts of radiation dose for workers and for the

general public

FOURTHLY: He mist agree to ensure that all doses are kept at

low as reasonably achievable.

-85-



Given agreement to these basic requirements a licence may be

granted, to which sundry conditions are attached. These

conditions are currently rather more restrictive than, but

broadly in line with, those of the EEC directives on radiation

protection.

It is current practice for the Board to follow up licensing by

inspection at regular intervals during construction,

commissioning and operation of the licensed plant so as to

ensure that licence conditions are being fulfilled. The

responsibility for safety must rest always with the licensee but

it is important to ensure that the proper safety organisation

and structure is present, otherwise accidents are more likely to

occur. Such a safety organisation is illustrated in Fig. 2

and it is the practice of the Board to induce the licensee to

set up such a structure if this does not already exist. It will

of course be adapted to the size of the licensee's establishment

but the basic principle remains that those involved in safety

regulation must be directly answerable to management at the most

senior level.

PROGRESS ON EEC FOOD IRRADIATION DIRECTIVE

Let me now comment briefly on the progress of legislation

relating to irradiated food products in Ireland. The only

legislation which currently exists in Ireland relates to

labelling. Unless irradiated food is labelled mo that the

consumer can identify It, then it is liable to be condemned as

not being of the nature, substance and quality of the article

demanded. Apart from that requirement, there is no restriction

on the importation or sale of irradiated food in this country.
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There is an EEC directive in an advanced state of preparation

and it may be that if this is agreed by the rest of the

community then Ireland will follow suit, but this cannot be

assumed and in any case its assimilation here is likely to be

slow if our performance in relation to the radiation safety

directives is anything to go by.

The Food Irradiation Directive is subject to intense opposition

by the Green parties in the European Parliament on the grounds

that there is no test available which can positively identify

irradiated food. On the other hand, it appears that the

majority within the Community is supportive and holds the view

that the undoubted benefits of extended shelf life and the

reduction of infestation by organisms such as Salmonella more

than offset the possible detriments. Great interest is being

focused on the progress of food pasteurisation by electron beams

or gamma techniques in the Netherlands, Belgium and France and

we are all waiting to see what will be the outcome of the debate

on the subject within the UK. Presumably, we will have to await

the outcome of the next general election there to find out and,

as we know to our cost, after a general election, anything can

happen.
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Beneficial Aspects of a Demonstration Facility for EB Curing

in Ireland

1. It would raise the general level of Irish technological

achievement by enabling our industries to produce better products

more competitively on the world market.

2. It is a cle-Ti environmentally beneficial process because it

reduces or eliminates the use of solvents in laminate and surface

finishing.

3. It would stimulate the production of high grade finished products

from relatively low grade material. In this connection, IDA would

need to identify manufacturers and products most likely to benefit

frorc this process. NEB could assist if required.

4. It would provide an opportunity for young graduates and technically

orientated personnel to gain experinece in this new and developing

field.
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