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OF SHORT-TERM CONSUMPTION OF FOOD STERILIZED WITH GAMMA RAYS 

' '. 
OBJEICT: 

The assessment of possible  tox ic  e f f ec t s  to  human beings of the  short-term 
consumption of food exposedto  gamma rays a t  a dosage of 3 million rep. 

SUMMARY: 

Eighteen'human volunteers consumed f o r  s h o r t  periods of  time (15 days) food 
exposed t o  3 mill ion rep  gamma rays and s tored frozen u n t i l u s e d .  
s tud ies  were conducted i n  which 35%, 60%, 80% and v i r t u a l l y  100% of the calories 
were supplied by i r r a d i a t e d  items of food. 
i n t e r v a l s  of severa l  months.. Careful c l i n i c a l  and laboratory observations re- 
vealed no evidence that thepe i r r a d i a t e d  foods.produced any tox lc  e f f e c t s  i n  the  i 
human beings consuming than. 

Four such 

These s tud ie s  were separated by 

RECOMMENDATION : 

Further t e s t s  should be made i n  human beings of t h e ' s a f e t y  of a wider varietg 
of i r r a d i a t e d  foods, and also of i r r ad ia t ed  foods which hkve been s tored  at  room 
t emperature. 
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rI : INTRODUCTION 

br,td, The two major object ives  of food preservation are the destruct ion o r  
inhibi t ion of micro-organisms and of pro teo ly t ic  enzymes. I n  canning, both 
bacteria and enzumes are destroyed by heat, while i n  f reezing the act ion of 
bacteria and enzymes are ef fec t ive ly  retarded. 
ionizing rad ia t ion  i n  suf f ic ien t  dosage t o  kill micro-organisms o f fe r s  a new 
approach t o  food preservation. 

The treatment of food w i t h  

Important sources of ion iz ing  rad ia t ions  now avai lable  f o r  t h i s  purpose 
=e high vol tage e lec t ron  acce lera tors  and gamma emitt ing radioisotopes from 
atomic reactors.  Micro-organisms are e f f ec t ive ly  destroyed i n  food which is 
i r rad ia ted  a t  a dosage of one t o  three mil l ion roentgen-equivalents-physical 
(rep) (20). A t  a dosage of th ree  t o  10 mil l ion rep the  enzymes i n  food may be 
inactivated. Doses far smaller than these are e f f ec t ive  i n  cont ro l l ing  in sec t  
infestat ion of grain (51, i n  destroying t r i ch inae  i n  meat products (6), and i n  
preventing the  sprouting of  potatoes and onions (2,  23). 

' 

. None o f  these  l e v e l s  of rad ia t ion  a r e  s u f f i c i e n t  t o  induce rad ioac t iv i ty  
L-A(i.n the  food so t reated.  However, some chemical changes are produced which, 
.p.dthough of small magnitude, are detectable  and r e s u l t  in changes i n  f lavor ,  

There are three poten t ia l  hazards t o  hea l th  from t h e  texture, color  and odor. 
chemical changes i n  food induced by ionizing radiation. 
destruction of e s s e n t i a l  nu t r ien ts  such as vitamins and amino acids  (1, 7, 19). 

The first is  t h e  

$flhe second hazard i s  the  production of tox ic  compounds ( 9 ) .  The t h i r d  i s  the  
-.,-.production by i r r a d i a t i o n  of substances which upon prolonged ingest ion may be 
,+maminogenic (24). 
3 .  e \ 

The Office of the  Quartermaster General of t h e  United States Army has 
organized an elaborate  program t o  explore the  p o t e n t i a l i t i e s  of t h e  use  of 
radiation i n  food preservation. 

. and possible toxic  effects of such i r r a d k t e d  foods i s  under t h e  auspices of 
the Office of t h e  Surgeon General of the United S ta t e s  Army. Individual  ir- 
radiated foods are f i rs t  f e d  t o  animals (8, 15, 16, 17, 18). If  the re  are no 
detrimental effects i n  animals, t h e  p a l a t a b i l i t y  of such foods i s  evaluated by 
a panel o f  professional  t e s t e r s .  
medical supervision. Foods considered palatable  a r e  then f e d  t o  human beings. 
The present repor t  descr ibes  t h e  r e s u l t s  of four  feeding s tudies  performed on 
the Metabolic Research Ward of th$ U. S .  Army Medical Nutri t ion Laboratory, 
Fitzsimons Army Hospital, k n v e r ,  Colorado. 

The invest igat ion of the  n u t r i t i o n a l  aspects 

These individuals  a r e  under continuous ca re fu l  

I r r ad ia t ed  foods were f e d  t o  human volunteers f o r  periods of 1s days. 

It i s  

The 
men who received these  foods were followed carefu l ly  by physical examinations 
and c l i n i c a l  laboratory t e s t s  f o r  a period of a year a f t e r  feeding. 
obvious t h a t  t h i s  program cannot be  expected t o  detect  n u t r i t i o n a l  def ic ienc ies  
o r  possible  carcinogenic effects. 
Of s i gn i f i can t  amounts of chemical compounds resu l t ing  from i r r ad ia t ion  which 
could produce tox ic  changes manifested after a short  latency period. It must 
also be pointed out t h a t  t h e  i r r a d i a t e d  food used i n  these s tudies  was s tored  
frozen u n t i l  used. 

The t e s t s  should, however, detect  the presencc 

The study, therefore,  i s  not a test  o f  t h e  a b i l i t y  of 
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i r r a d i a t i o n  t o  preserve food but  only of possible ,health hazards of i r r ad ia t ion  
alone. The accep tab i l i t y  of t he  foods used i n  these s tud ies  and the measure- , 

rnents of metabolizable energy and d i g e s t i b i l i t y  of t h e  macronutrients are repopt, 
I 1  

, <  elsewhere (10, 13). - 
r‘ 

METHODS I 

Test Subjects. 

Eighteen men have taken p a r t  i n  t h i s  program t o  date. The t e s t  subjects 
were conscientious objectors  of the  Mennonite Fa i th  who volunteered f o r  t h e  I_ 

program a s  a means of f u l f i l l i n g  t h e i r  obl igat ion t o  Select ive Service. These. 
men were a l l  between 18 and 22 years of age and passed a carefu l  medical exami- 
na t ion  before admission t o  the  t e s t .  One subject  (RED) w a s  la ter  found t o  have 
had an acute  a t t ack  of in fec t ious  h e p a t i t i s  t he  year before the  test. Although 
he w a s  apparently well, on some occasions tenderness was noted i n  t h e  region of 
t he  l i v e r  and h i s  thymol t u r b i d i t y  t e s t  w a s  pe r s i s t en t ly  s l i g h t l y  elevated. 

During t h e  study t h e  men l ived  on the  Metabolic Ward. They were enthusiastj 
supporters of t h e  program, almost a l l  of them with previous experience i n  metabo: 
s tudy programs. Table I summarizes t h e  subject  par t ic ipa t ion  i n  the  fou r  studj,ej 

.j 
General Plan of t h e  Studies, -I 

Each study consisted of two ls-day periods separated by an i n t e r v a l  of t h e (  
t o  seven days of rest. During t h e  first &day study period, half  of t he  subjql 
received the diet containing t h e  i r r ad ia t ed  food i t e m s  and the other half  receiv; 
the cont ro l  d ie t .  1 
order  t o  prevent accumulation of  possible tox ic  e f f ec t s  severa l  months intervenec 
between studies.  Successive s tudies  provided a grea te r  var ie ty  of i r r ad ia t ed  
foods and an increasing percentage of t o t a l  ca lo r i e s  from i r r ad ia t ed  items. 
t h e  f i r s t  study approximately 35% of t h e  t o t a l  ca lo r i e s  were supplied as irradial 
food; i n  the  second, 60%; and i n  t h e  t h i r d ,  80%. I n  t h e  last  study, essentially 
a l l  of t h e  ca lo r i e s  were provided as i r r a d i a t e d  food; only cocoa was unirradiatec 
I n  t h e  f irst  three  s tudies ,  metabolic balances were performed i n  order t o  measurc 
d i g e s t i b i l i t y  and metabolizable energy, These s tudies  required tha t  t h e  foods bc 
as homogeneous as possible. The four th  study w a s  no t  a metabolic balance study 
so t h a t  it w a s  possible t o  present  B grea ter  va r i e ty  of foods i n  a more a t t r a c t 9  
manner. I n  the  f i r s t  three  s tudies ,  three dai ly  menus were used; i n  the  fourth 
study, f i v e  ro t a t ing  menus were used ( t ab le s  111, I V ,  V, VI). 

During the second &day period the  s i t ua t ion  was reversed. 

In 

Food Procurement and Preparation. 

A l l  t e s t  foods, both i r r a d i a t e d  and control,  were ordered through the  Qu&c 
master Food and Container I n s t i t u t e  f o r  t he  Armed Forces, Chicago, I l l i n o i s .  AX 
foods, except white and sweet potatoes, were placed i n  e i t h e r  #2 o r  #10 cans and 
frozen, Half of each food i t e m  stocked w a s  shipped by a i r  t o  Arco, Idaho o r  
Dugway, Utah f o r  i r r ad ia t ion  by gamma rays of a mixed spectrum a t  a dosage of t h ~  
mi l l ion  rep. All tes t  foods, both i r r ad ia t ed  and control ,  were held in the froze 
s ta te  u n t i l  t h e  time of use, except those normally s tored  a t  room temperature, 
White and sweet potatoes, which were i r r ad ia t ed  only t o  prevent sprouting, remi’ 
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a gamma ray dosage of 20,000 rep. 

which were used t o  provide the  balance of ca lo r i e s  i n  the  first three s tud ie s  
were procured through the  Pos t  Commissary. 

A l l  t e s t  foods, both i r r a d i a t e d  and control,  
from the  same o r i g i n a l  batch, except i n  t h e  second study. Non-test foods 

Details of food preparation a r e  given elsewhere (12). 
food w a s  weighed, cooked and served i n  the  same containers. 
the same menu independent of h i s  weight o r  ca lo r i c  requirement. H e  consumed it 
totally; containers were l i t e r a l l y  l icked  clean and glasses  were washed several  
times wi th  water, the washings being consumed by the  subjects.  

Whenever possible,  
Each man received 

Clinical  Tests. 

Each man received a ca re fu l  physical  examination and an electrocardiogram 
was recorded before, during and after each feeding of i r r a d i a t e d  food and at  
btervals of three, s ix  and 12 months a f t e r  h i s  las t  consumption of i r r ad ia t ed  
food. Six of the  18 subjects  have now been followed f o r  1 2  months a f t e r . t h e i r  
l a s t  feeding of i r radi t l ted food; the remaining men f o r  six months. 
on ar is ing,  each man was weighed i n  the nude af ter  voiding. 
day blood pressures, pulse, resp i ra t ion  and body temperature were measured. 
Every day each m a n  w a s  carefu l ly  questioned f o r  any symptoms suggesting tox ic  
effects  from t h e  i r r ad ia t ed  food. 

&very morning 
Several  times each 

Laboratory Tests. 

Before, during and a t  in t e rva l s  after each i r r a d i a t e d  food study, a series 
of laboratory tests were performed t o  de tec t  any possible toxic  effects of t he  
i r r ad ia t ed  food. The tests were as follows: hematology: hemoglobin (4) , 
hematocrit, and t o t a l  and d i f f e r e n t i a l  w h i t e  blood c e l l  count (u); liver function: 
bromsulphalein re ten t ion  after 45 minutes (22) , t o t a l  protein,  albumin, globulin 
and albumin-globulin r a t i o  i n  serum ( 3 ) ,  a lka l ine  phosphatase (21) ,  t o t a l  and 
direct  b i l i r u b i n  (ll), and thymol t u r b i d i t y  (14); r ena l  function: 
malys is  and phenolsulfonephthalein excretion tes t  (a). complete urine 

RESULTS 

Clinical  Tests. 
I 

No evidence could be found of any toxic  effects induced by the  i r r ad ia t ion  
treatment of food. Physical examinations showed no abnormalities except those 
common i n  a group of young men observed f o r  a prolonged per iod of t i m e .  There 
was the usual seasonal incidence o f  in fec t ions  of t h e  upper resp i ra tory  tract. 
Occasional headaches were noted, as was some muscle soreness apparently r e l a t ed  t o  
par t ic ipat ion i n  a th l e t i c s .  
nausea, vomiting, diarrhea, constipation o r  r e c t a l  i r r i t a t i o n  t h a t  could be 
related t o  the ingest ion of i r r ad ia t ed  foods. 
vomiting on the  ingest ion of shrimp which he had never consumed previously and 
disliked intensely.  
shrimp when it w a s  minced wi th  potatoes and green beans and served i n  the  form 
of a casserole.  Another subject (SCH) ,  an extremely "finicky" eater could not  
to le ra te  t h e  var ie ty  of foods f e d  during t h e  metabolic bal-  dnce studies. 

There were no gas t ro- in tes t ina l  symptoms such as 

h e  subject  developed nausea and 

H e  w a s  f i n a l l y  able t o  t o l e r a t e  both cont ro l  and i r r a d i a t e d  

H i s  
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intolerance w a s  equal ly  marked f o r  t h e  cont ro l  and i r r a d i a t e d  items; this 
obliged him t o  leave t h e  experiment a f t e r  the  second study was completed. 
remainder of the 18 tes t  subjec ts  t o l e r a t e d t h e  i r r a d i a t e d  food without 
incident  . ' .< 

,& 
The 

Electrocardiograms showed no s igni f icant  abnormalities. 
changes i n  blood pressure, pulse, resp i ra t ion  o r  body temperature except those . 
associated with colds  and other  disorders unrelated t o  t h e  study. I n  t ab le  V I I J  
the  mean body weight of each subject  before consumption of i r r a d i a t e d  food is  . 
compared with his last  observed weight. I n -  
general  t h e  weight of each m a n  f luc tua ted  as a function of t h e  ex ten t  t o  which 
the  t e s t  d i e t  s a t i s f i e d  h i s  ca lo r i c  requirement. Thus, heavier men tended t o  ,~ 

l o se  while smaller men tended t o  gain weight. 

There were no 

There wer? no significant changes. 

-- 

Laboratory Tests, . 5,' 

The de ta i l ed  laboratory data are given i n  t h e  appendix. The average contr 
values and t h e  value of t h e  l a s t  observation f o r  each man are summarizedin 
t a b l e  VII. 
i n  t h e  report ,  showed no significant changes throughout t h e  studies. 
the men experienced d i f f i c u l t y  with the  first one o r  two phenolsulfonephthalein- 
excretion t e s t s .  Later  r e s u l t s  were within normal limits. The d i f fe ren t ia l  ;'? 
white blood c e l l  counts, showed considerable var ia t ion  within t h e  normal range. 
Results of s eve ra l  of t h e  laboratory tests, pa r t i cu la r ly  those f o r  hemoglobin sJ 
and serum protein,  tended t o  f luc tua te  from day t o  day. This var i a t ion  w a s  p r  
i n  men on both i r r ad ia t ed  and cont ro l  foods and d id  not exceed t h e  \generally 
accepted normal values  f o r  the pa r t i cu la r  t e s t s .  
obtained before any i r r ad ia t ed  food had been consumed were outs ide accepted no 
range. 
p e r s i s t e n t l y  above 1.0 mg per  100 ml. 
showed no tendency t o  f luc tua te  with t h e  feeding of irradi; ted food. It may be 
seen from t a b l e  VI1 t h a t  t he  mean values of t he  last determination of a particu 
laboratory tes t  are very close t o  the  m e a n  control  value. Over a l l ,  t he re  were 
changes i n  any laboratory tests t h a t  could be r e l a t ed  t o  the  feeding of irradiated 
food. 

Urine analyses, t h e  results of wklich were too voluminous t o  includ 
Some of\ 

I n  some men, cer ta in  values 'A 

Thus, one individual  (SIE) showed a value f o r  t o t a l  serum b i l i rub in  
Such idiosyncrasies  i n  laboratory tests. d 

 ISC CUSS ION 

Cl in ica l  and laboratory examinations of 18 human volunteers who consumed 
i r r a d i a t e d  food f a i l e d  t o  demonstrate any deleter ious e f f e c t  t o  general  health 1J 
o r  damage t o  blood forming organs, l i v e r  o r  kidneys, t h a t  could be  r e l a t ed  t o  '3 

t h e  ingest ion of i r r ad ia t ed  food, AS noted i n  the introduction, t h e  study ,u 
reported here could de tec t  only evidence of s h o r t  latency toxici ty .  
study could not be expected t o  de tec t  def ic iencies  i n  the  food of vitamins o r  ' 5  

other  e s s e n t i a l  substances o r  t h e  presence i n  t h e  food of carcinogenic materia 
The negative r e s u l t s  of the present report ,  however, do encourage f u r t h e r  -1 
r a t ion  of the  use of i r r a d i a t i o n  i n  food preservation. 
involves s h o r t  term t e s t i n g  i n  humans of i r r ad ia t ed  foods s tored  a t  room 

The pres 

The next s t e p  planned J5 

temperature between i r r a d i a t i o n  and consumption. 
necessar i ly  precede such a study are already under way. 

The animal tests which must 
Long term animal s t u d  
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w e  a lso  being ca r r i ed  out t o  evaluate n u t r i t i o n a l  adequacy o r  possible  
,Ucinogenicity. When a suff ic ient  number of these s tud ies  are completed, long 
term human s tudies  are planned t o  evaluate  t h e  n u t r i t i o n a l  adequacy of i r r a d i a t e d  
foods as w e l l  as any toxic  effects. 
,. 
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