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gnﬁ ::OdFCt1on of irradiation processes for the preservation of food will be strongly influenced by
irea ations of reliability, economy and safety. The practicability of on-line radiation processing has
ns“ati €en amply demonstrated in other industries for curing plastic and rubber goods, crosslinking the

hs On on electrical wire and cable, and sterilizing disposable medical devices.
1§

“N@Dager reviews the technical feasibility and cost of treating meat and other food products with high-
M Smaly €ctrons and x-rays generated by high-voltage electrical equipment. Electron beams are applicable
fse tECpa?kages processed at high thruput rates. X-rays are applicable to larger packages at lower rates.
Mques provide alternatives to the use of large radioactive sources for the preservation of food.
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an‘nd ]ab111ty of reliable, high-power electron accelerators is stimulating the use of ionizing radiation

Qgtuﬁﬁnrla1 Processes. gnergetic electron beams are now used to crosslink heat-shrinkable plastic film
%e“rateg’ crosslink the insulation on electrical wire and cable, cure polymeric coatings on wood and metal
0 steri].aNd.1mprove the "green" strength of rubber tire components. A relatively new application is

N 1Zation of medical devices with high-energy electrons. Further possibilities are the disinfection

. S1“dge, the extraction of pollutants from exhaust gases and the preservation of food (1).
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hgtproge Trradiated products but also from the higher production rates and lower costs of electron treat-

M co eSS?S- The rising cost of thermal energy and the increasing concern about environmental pollution

Ntional manufacturing methods are also focussing attention on these new techniques (2).
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am Processing was introduced during the 1950's, was gradually accepted during the 1960's and has
.applied during the 1970's. The impetus for this expansion has come not only from the superior

]Wurwtion ?f 1ntgrest in this field has been demonstrated by the attendance at the First and Second
Mtftria] i Me¢t1ngs on Radiation Processing (3,4). Most of the participants at these meetings represented
Woba cOmb9rgan12ations. At this time there are over 100 firms using more than 200 electron accelerators
I577aby & 'ned beam power approaching 10,000 kilowatts. The total value of products irradiated during 1979
t°20 XCeeded two billion dollars. The growth rate of the radiation processing industry is now about

Ths €rcent per year (5).
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D%the1y tt?Chno1ogy can readily be applied to the in-plant treatment of meat and other food products.
%r'*u] 1n packages, such as sliced bacon and cold cuts, can be processed at high thruput rates with a

7m§Pene$ eCFFOH beam. Thicker objects, such as poultry and ham can be processed at lower thruput rates with

d‘ationat]”g X-rays generated by an electron beam. The production capacities and estimated costs for these
EUWME Methods are discussed in this paper.
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TM ghVO]ancept of a direct-action electron accelerator is shown by the diagram in Fig. 1. It consists of
kvﬂperatioge generator connected to an electron gun, an evacuated acceleration tube and a beam scanner.

Demisare mn Of this system is similar to a television picture tube, except that the voltage and power

" ts the gch higher. For electron beam processing, the target plate consists of a thin metal foil that
yr%t €am to emerge into the air and irradiate nearby objects.
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u3@(1?0\Ne|~ gn €lectron accelerators are now available with voltage ratings from Q.S to S.Q million volts and
PMQEO Prosc t1NGS from 20 to 200 kilowatts (6). Indirect (microwave) acceleration techniques can also be

\ of zgduce higher electron energies, up to the equivalent of 10 or more million volts, in the beam power
Qe \ 0 75 kilowatts.

tthicyout of . . .

t% Mk‘wa]] a typical industrial facility is shown in Fig. 2. This consists of the electron accelerator,
Mag, SCtp, &d radiation shield usually made of concrete, and a conveyor to transport products through

t 0 . . 3 .
ﬁd%??nt rgobeam_ Operating personnel are quite safe outside this type of fac111ty_and can enter the :
" ;9n 0 ! tQ service the equipment when the high-voltage generator is not energized. There is no residual
w‘tchEdP(aJ:cj]‘COGCt1'vity in the equipment or the irradiated products after the electron accelerator has
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?‘téample "ating of the electron accelerator determines the maximum thickness of the irradiated product.
e"“h'tOS‘ES)’Wa.s million volt unit can penetrate up to 1.8 centimeters of meat (with equal entrance and
T S]ight]1]e a 10 MeV unit can treat up to 3.8 centimeters (1.5 inches). Two-sided irradiation would
%e g Y more than twice these thicknesses (7).
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amyagsoki?; rating determines the maximum production rate. Theoretically, a ! kilowatt beam can process
CastO 5 grams per hour with an average radiation dose of 1 megarad. Practical thruput rates might be
' Q ]Ogerce”t_Of this value depending on the product shape and configurgtign on‘the conveyor (7). In
W unit would have a very high production capacity, up to 100 million kilograms per year
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(in 6000 hours at 25% power utilization efficiency and 0.5 Mrad minimum dose). A dose of 0.5 Mrad would not
guarantee sterility but would be sufficient to extend the shelf Tife of refrigerated meats (8).

X-RAY TREATMENT

Penetrating x-rays (bremsstrahlung) are produced when high-energy electrons strike dense materials such as
tungsten or gold. This form of radiation produces the same chemical and biological effects as energetiC
electrons and can be used to treat bulky objects and packages up to 30 centimeters in thickness. The
conversion of electron beam power to x-ray power is an inefficient process but it can be competitive with,
Cobalt-60 gamma radiation for high capacity plants. The possibility of using either x-rays or electrons i

the same facility is an attractive feature of this technology.

A proposed 6 MV, 300 kW electron accelerator, used as an x-ray generator, would have the processing Capab”1ty
of a 3 megacurie Cobalt-60 facility (9). The thruput rate is estimated to be about 60 million kilograms _ .,plé
per year (in 6000 hours at about 5% power utilization efficiency and 0,5 Mrad minimum dose). This is compd

to the annual production rates of chicken or ham in large meat processing plants.

ECONOMICS

The price of a high-power electron accelerator in the 3 to 6 million volt range will fall between 1 and 2
million dollars (10). The total capital cost of a complete irradiation facility, including the acce1erét0r’
will be somewhere between 2 and 4 million dollars, depending on the size of the machine and the complexity

of the product handling system. Annual operating costs, including amortization of capital, interest,
electrical power, equipment maintenance and supervisory Tabor will be in the range of 0.5 to 0.9 million oﬂaﬁ’
dollars (based on 6000 operational hours per year) and hourly operating costs will be between 80 and 150

For direct electron treatment, assuming a conservative yearly thruput of 100 million kilograms and a m?d‘acam
cost estimate of 0.7 million dollars per year, the unit processing cost would be about 0.7 cents per kilod
(at a minimum dose of 0.5 megarad). For x-ray treatment, assuming a yearly thruput of 60 million kilog
and the maximum cost estimate of 0.9 million dollars per year, the unit processing cost would be about
1.5 cents per kilogram (also at 0.5 megarad).

ram

The unit cost would be somewhat higher for smaller plants since the capital costs do not scale down in h
proportion to the electron beam power ratings. Nevertheless, these cost estimates are probably Tow enoud
to be unimportant in an assessment of the radiation treatment process.

CONCLUSIONS

The high-power electron accelerators that are now being used to irradiate industrial products can alsO bgn
applied for the treatment of meat and other foods in large-scale processing plants. Both primary E]ectrtion
beams and secondary x-rays can be used to accomodate a wide variety of package sizes and shapes. Produc
rates will be high enough and operating costs will be low enough to satisfy business requirements.

The substantial industrial experience with this type of equipment has amply demonstrated the reliability
and safety of on-line radiation processing with electron accelerators. The technology is ready now o
support any future demand for irradiated foods.
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