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_high- energy electrons and x- rays for the preservation of meat and other food products

.„q. and> J .P .F arre ll and K.H.Morganstern
atl0n Dynamics, In c ., M e lv ille , New York 11747 U.S.A.

W
'he -j
a?r’ŝ der°t^Ĉ i° n i rrad la tio n  processes fo r  the preservation o f food w ill  be strongly influenced by 
i eady Ltlons r e l ia b i l i t y ,  economy and safety. The p ra c t ic a b ility  of on-line  rad ia tion  processing has 
% V t ineen amPly demonstrated in other industries fo r  curing p la s tic  and rubber goods, crosslinking the 

°n on e le c tr ic a l wire and cable, and s te r i l iz in g  disposable medical devices.
m's D

tn^y e?1" reviews the technical fe a s ib il i ty  and cost o f trea ting  meat and other food products w ith high- 
I? small ectrons and x-rays generated by high-voltage e le c tr ic a l equipment. Electron beams are applicable 

tech3<̂ a^es Processed at  high thruput rates. X-rays are applicable to la rger packages at lower rates. 
Ill ooiques provide a lte rna tives  to  the use o f large radioactive sources fo r  the preservation o f food.

a JRRadiation processes

o f re lia b le , high-W "'H JS tr- 'i,VJ ul ,'c l,a u ic > myii-power e lectron accelerators is  stim ulating the use o f ion iz ing  rad ia tion  
jM ub i 1al Processes- Energetic e lectron beams are now used to crosslink heat-shrinkable p la s tic  f ilm  
t^strjtgs cr°ss lin k  the insu la tion  on e le c tr ic a l wire and cable, cure polymeric coatings on wood and metal 
Of ste r i l ,and improve the "green" strength o f rubber t i r e  components. A re la t iv e ly  new app lica tion is  

sewage 1Zatio n  o f medical devices w ith high-energy e lectrons. Further p o s s ib il it ie s  are the d is in fec tion  
slud9e, the extraction  o f po llu tan ts  from exhaust gases and the preservation o f food (1).

%ai.wide ieam Pr o c e s s i n 9 was introduced during the 1950's, was gradually accepted during the 1960's and has 
[JjUy ofy .aPPlied during the 1970's. The impetus fo r  th is  expansion has come not only from the superior 
fwT Pror-„ l r r adiated products but also from the higher production rates and lower costs o f electron tre a t-  

“'"con Sses- “

N̂ at̂ th
v*UhStr'ia?na  ̂ ngs on Radiation Processing (3 ,4 ). Most o f the partic ipants  at these meetings represented
Pwv a comK°r ^an^zaI'^ons- At th is  time there are over 100 firms using more than 200 electron accelerators 
I5 ;ably 1ned beam power approaching 10,000 k ilow atts . The to ta l value of products irrad ia ted  during 1979 

to 2o n ceeded two b il l io n  d o lla rs . The growth rate o f the rad ia tion  processing industry is now about 
ifii r cent per year (5).
^ lL ^ tu re  t  .1 Vely . ^ chnology can read ily  be applied to the in -p la n t treatment o f meat and other food products. 

f ui Packages, such as s liced  bacon and cold cuts, can be processed at high thruput rates w ith a
V L ^ n e tr6^ ’"0’1 beam. Thitker objects, such as pou ltry  and ham can be processed at lower thruput rates with 

dia t i0nat:in9 x-rays generated by an e lectron beam. The production capacities and estimated costs fo r these 
%Jth. methods are discussed in  th is  paper.

* hi sic c
Jhe jjb voit °nc*Pt o f a d irec t-a c tion  electron accelerator is  shown by the diagram in Fig. 1. I t  consists o f 
S  ^ t i 09e 9enera to r connected to an e lectron gun, an evacuated acceleration tube and a beam scanner.

are nin bbis sysbef' is  s im ila r to a te lev is ion  p icture  tube, except tha t the voltage and power
. '■s the 5 ^ ’ Dher. For e lectron beam processing, the ta rget p la te consists o f a th in  metal fo i l  that

eam to emerge in to  the a ir  and irra d ia te  nearby objects.
V ^ C t in

V(j ^ i ^ ectnon accelerators are now availab le  w ith voltage ratings from 0.5 to 5.0 m illio n  vo lts  and

v , ! s 

; ? « > *

conve Tbe r is in g  cost o f thermal energy and the increasing concern about environmental po llu tion
ntiona l manufacturing methods are also focussing a tten tion  on these new techniques (2 ).

of in te re s t in th is  f ie ld  has been demonstrated by the attendance at the F irs t and Second 
'1 Meetings on 

9r 9anizations.

___  WWVW>W> UVWI J U|V> , , . v  . wv.;,*. , w. ~ . . . J -

âhQcto Pr0[ja tin 9s from 20 to  200 k ilow atts  (6). In d irec t (microwave) acceleration techniques can also be 
°f 25 3ce higher e lectron energies, up to the equivalent o f 10 or more m illio n  v o lts , in  the beam power

to ?5 k ilow atts .

Wai°g a typ ica l in d u s tria l f a c i l i t y  is  shown in  Fig. 2. This consists o f the electron accelerator,
Ntth 1 r 0n ? radiatio n  sh ie ld  usually made o f concrete, and a conveyor to transport products through 

rnn 6ani' Operating personnel are quite  safe outside th is  type o f f a c i l i t y  and can enter the 
% ’ on 0r m to service the equipment when the high-voltage generator is not energized. There is  no residual 

fi w’ tchprirad l° a c t iv ity  in  the equipment or the irrad ia ted  products a fte r the electron accelerator has 
a o ff .

F0f v01lsn- ^ eatment

It > l e ra ting o f the e lectron accelerator determines the maximum thickness o f the irrad ia ted  product.
\ l ! ° ^ ) ’ a 5 mi 11 ion v o lt u n it can penetrate up to 1.8 centimeters o f meat (with equal entrance and

1  a  11 11 • . . 1 n ____j. •___j. ____ /I C 4  . hUak  \ Ti.m A A  i  wifi^/4 i  i f  i  nn 1.1011Sli9h t î î la  3 10 MeV u n it canTreat up to 3.8 centimeters (1.5 inches). Two-sided ir ra d ia tio n  would

°niî° 360p3wer 
V  *5 * .kn

y niore than twice these thicknesses (7).

T heore tica lly , a 1 k ilow a tt beam can process, lQ *"atin g  determines the maximum production ra te . ---------------- , -  -------------------  ------
bo 5q 9rams per hour w ith an average rad ia tion  dose o f 1 megarad. P ractical thruput rates might be 
> a loner cent ° f  th is  value depending on the product shape and configuration on the conveyor (7 ). In 

xW u n it would have a very high production capacity, up to 100 m illio n  kilograms per year
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( in  6000 hours a t 25% power u t i l iz a t io n  e ffic ie n cy  and 0.5 Mrad minimum dose). A dose o f 0.5 Mrad would not 
guarantee s te r i l i t y  but would be s u ff ic ie n t to  extend the she lf l i f e  o f re frige ra ted  meats (8),

X-RAY TREATMENT
Penetrating x-rays (bremsstrahlung) are produced when high-energy electrons s tr ik e  dense m aterials such a5 
tungsten or gold. This form o f rad ia tion  produces the same chemical and b io log ica l e ffec ts  as energetic 
electrons and can be used to tre a t bulky objects and packages up to 30 centimeters in  thickness. The
conversion o f e lectron beam power to x-ray power is  an in e ff ic ie n t process but i t  can be competitive w
Cobalt-60 gamma rad ia tion  fo r  high capacity p lants. The p o s s ib il ity  o f using e ith e r x-rays or electrons 
the same f a c i l i t y  is  an a ttra c tiv e  feature o f th is  technology.

A proposed 6 MV, 300 kW electron accelera tor, used as an x-ray generator, would have the processing capabil 
o f a 3 megacurie Cobalt-60 f a c i l i t y  (9). The thruput rate is  estimated to be about 60 m i l l io n  kilograms bie
per year ( in  6000 hours at about 5% power u t i l iz a t io n  e ffic ie n cy  and 0.5 Mrad minimum dose). This is  c 
to the annual production rates o f chicken or ham in  large meat processing p lants.

ECONOMICS
The price o f a high-power e lectron accelerator in  the 3 to 6 m illio n  v o lt range w i l l  f a l l  between 1 and 2 
m illio n  do lla rs  (10). The to ta l cap ita l cost o f a complete irra d ia t io n  f a c i l i t y ,  including the acceier 
w i l l  be somewhere between 2 and 4 m illio n  d o lla rs , depending on the size o f the machine and the comp e 
of the product handling system. Annual operating costs, including amortization o f c a p ita l, 1 uteres * 
e le c tr ic a l power, equipment maintenance and supervisory labor w il l  be in  the range o f 0.5 to 0.9 m \ n  doiia^
do lla rs  (based on 6000 operational hours per year) and hourly operating costs w il l  be between 80 and

For d ire c t e lectron treatment, assuming a conservative yearly  thruput o f 100 m illio n  kilograms and a 
cost estimate o f 0.7 m illio n  do lla rs  per year, the u n it processing cost would be about 0.7 cents PeJ \* ' arn5 
(a t a minimum dose o f 0.5 megarad). For x-ray treatment, assuming a yearly  thruput o f 60 " ' i l n o n  Ki'uy 
and the maximum cost estimate o f 0.9 m illio n  do lla rs  per year, the u n it processing cost would be abou 
1.5 cents per kilogram (also at 0.5 megarad).

The u n it cost would be somewhat higher fo r  smaller plants since the cap ita l costs do not scale down 
proportion to the electron beam power ra tings. Nevertheless, these cost estimates are probably low enu 
to be unimportant in  an assessment o f the rad ia tion  treatment process.

CONCLUSIONS be
The high-power e lectron accelerators tha t are now being used to irra d ia te  in d u s tria l products can a]^ ° tr0n 
applied fo r  the treatment o f meat and other foods in  large-scale processing p lants. Both primary eie t ion
beams and secondary x-rays can be used to accomodate a wide va rie ty  o f package sizes and shapes. r  
rates w i l l  be high enough and operating costs w i l l  be low enough to s a tis fy  business requirements.

The substantia l in d u s tria l experience w ith th is  type o f equipment has amply demonstrated the r e l ia b i l i t y  
and safety o f on-line  rad ia tion  processing w ith e lectron accelerators. The technology is  ready now 
support any fu tu re  demand fof- irra d ia ted  foods.
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