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ABSTRACT

Following extensive chemical analyses and animal
experimentation, which have shown that irradiated foods are
safe, the Chinese researchers have carried out 8 well
controlled experiments involving human volunteers consuming
irradiated foods for 7 to 15 weeks periods. There were 17
to 70 test subjects in each experiment, and the total number
of subjects was 439. Each clinical test in all the
experiments failed to discern any significant difference
between the control groups and the test groups consuming
irradiated foods. Seven of the eight experiments involved
investigations of chromosomal aberrations in a total of 382
individuals. Some of these experiments included freshly
irradiated wheat in the diet. No significant difference
between the number of chromosomal aberrations in the control
groups and the test groups could be discerned in any of the
seven experiments, either when evaluated individually or
when all seven were pooled together. When all the
experiments were pooled together, the average number of
polyploidy at the beginning of the tests, before the
exposure to irradiated foods, was 0.22% and 0.36% for the
control and experimental groups respectively and after the
exposure to the irradiated foods the polyploidy was 0.29%
and 0.26% in the control and in the experimental groups
respectively. The standard deviation of the mean value,
0.28%, was 0.23%. The relative increase in polyploidy in
the control group, 0.29%-0.22%=+0.07%, and the relative
decrease in the polyploidy in the experimental group,
0.26%-0.36%=-0.10% is statistically insignificant.

In separate experiments it was shown that irradiation
significantly reduces carcinogenic nitrosamines found in
many foods confirming similar observation at U.S. Army
Natick Laboratories in the 70's.

INTRODUCTION

Chinese scientists are doing excellent work in radiation chemistry, food
irradiation technology, and wholesomeness testing of foods, and have initiated
practical applications of this method. Of the 72 papers presented at the
meeting 33 were from China. The first pilot-plant in the Shanghai area for
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irradiation of food has been operational since the end of 1985 (20 metric
tons/hour of potatoes, onions fruits and vegetables, initial load 200 kCi to be
increased to 500kCi by 1988; 20% efficiency; Dmax/Dmin=1.7, 1.3, and 1.2
depending on the density, semi-automatic). The irradiated foods have been well
accepted by the general public. The Chinese have built their own modern
irradiation plants and are able to produce the cobalt-60 sources as well as the
electron accelerators for irradiating the food.

Rather than summarize the meeting, which included many papers from other
countries, I will focus on the results of the wholesomeness studies in China
and in particular on the results of the feeding trials of irradiated diets to
human volunteers.

The extensive analyses by FASEB [1-3] as well as by FDA [4] and JECFI [5] of
the radiolytic products [6-20] have failed to find any grounds to suspect that
the radiolytic compounds formed in foods when irradiated up to an average doses
of 58 kGy would constitute any hazard to health of persons consuming reasonable
quantities [1]. Further, the many long-term multigeneration studies on
irradiated foods fed to mammals such as dogs, rats, and mice have failed to
find any toxic, carcinogenic, mutagenic, or teratogenic effects as a result
from eating irradiated foods [4,5,21-26]. The Chinese researchers have come to
the same conclusion.

In spite of the fact that the health authorities and scientist familiar with
the subject recognize that irradiated foods are safe, some people have remained
skeptical. They erroneously think that irradiation must make food unwholesome
because radiation is dangerous for living organisms. In other cases these
skeptics have pointed at results of experiments which may indicate an harmful
effect, such as the studies at National Institute of Nutrition (NIN) in
Hyderabad, India by Bhaskaram and Sadasivan [27] of the polyploidy in 15 (5 in
the test group) kwashiorkor children, and studies by Vijayalaxmi of 21 (7 in
the test group) Macaca monkeys [28] and in studies by Vijayalaxmi and Sadasivan
and Vijyalaxmi in rats [29-30]. The effects of increased polyploidy could not
be reproduced by several other researchers in subsequent, more thorough
experiments, usually using rats and mice as test subjects [30-35]. The experts
in the field have pointed out that the observed numbers of polyploidy in the
control groups in all the NIN experiments are abnormally low and that this fact
is the main cause of the apparent effect. Reviewers of the subject have
concluded [4,5,37] that in the NIN experiments the number of test subjects was
too small to allow any conclusion and that the apparent effect could be
explained as due to statistical fluctuation. While most concerns raised by the
NIN studies have been refuted, it is nevertheless of great interest to review
the many Chinese studies of chromosomal aberration in humans consuming
irradiated foods.

THE CHINESE STUDIES

At the IAEA/FAO International Symposium in Washington in March of 1985, it was
reported that the Chinese had carried out feeding studies on humans. These
human studies were initiated after the animal feeding studies, which started in
early 70's, had shown that irradiated foods were safe and wholesome [38,39].
At the Washington meeting, however, we received very few details of the testing
results. At the FAO/IAEA Seminar in Shanghai in April of 1986, we received
many more details on the results of these studies, although the thrust of the
seminar was on the practical application of food irradiation. Four of the
papers [40- 43] reported on the results of these studies.

From Dr. Dai Yin's overview paper[40] I have extracted the data shown in Table
1. I have made statisical analysis of the data which clearly confirms the
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Table 1. Suuary oi Experiments on Polyploidy in Huians
Consuting Nonirradiated and Irradiated Foods.[401

Foods Dose No. Age consumed Dura- Polyploid cells in I of cells examined
in of in food tion control groups Irr. Food groups
kSy subj. yrs. grai/day nks before aft. diff. before aft. diff.

Rice
Sausage
Peanut
Potato
Hushrooi
Whole diet
Whole diet

0.37
5-8
0.2-1
0.2
1.0
0.1-8
0.1-8

59
70
61
60
19
70
43

18-48
18-28
18-53
17-40
21-40
18-44
21-47

500
125-250
50
250
250

601 irr.
66Z in.

13
13
13
14
7
13
15

0.480
0.160
O.OSO
0.660
0.000
0.090
0.090

0.430
0.060
0.170
0.600
0.000
0.290
0.1BO

-0.050
-0.100
0.090
-0.060
0.000
0.200
0.090

0.820
0.440
0.000
1.030
0.200
0.070
0.000

0.160
0.000
0.090
0.520
0.600
0.350
0.090

-0.660
-0.440
0.090

-0.510
0.400
0.2B0
0.090

Unweight. aver, of each col.:
Std. dev. of average values:

0.223
0.093

0,247
0.090

0.024
0.040

0.366
0.157

Overall average value of polyploid cells in the huian subjects:
Overall std. dev. of group averages hot the overall average:
Overall std. dev. for the values in each group in each test:

These data are iron Prof. Dai Yin
Institute of Food Safety Control and Inspection
Ministry of Public Health
Beijing
Peoples Republic of China

0.259 -0.107
0.088 0.159

0.274
0.125
0.277

conclusion by the Chinese researchers that the consumption of irradiated food
has no effect on the polyploidy in the cells studied.

These chromosomal studies are based on 7 separate tests and involve altogether
382 human subjects, usually medical students. The overall average incidences
of polyploidy was found to be 0.27%. During the feeding tests, the unweighted
average of the poliploidity in the control groups, fed nonirradiated food,
increased from 0.223% to 0.247%, an increase of 0.024%, and in the groups fed
irradiated food it decreased from 0.366% to 0.259%, a decrease of 0.107%.
These differences are well within the statistical uncertainty in the
measurements, with the standard deviation for the differences on the order of
0.16%.(See table 1)

In the paper by Jin Wei Qiao and Yuan Jia Kuan [41], it is reported that after
the studies of the five individual foods: rice, sausage, peanut, potato,
mushroom, (five of the items shown in table 1.) were completed and no adverse
effects were found, the Department of Nutrition of the School of Public Health
of Shanghai Medical University performed experiments on rats fed irradiated (up
to 10 kGy) food constituting 80% of the diet for three months. No adverse
effects could be discerned in the nutrition, development, fertility,
reproduction, hepatic and renal functions, nor in the histological and
cytogenetic examinations of the various organs.

Thereafter, 70 volunteers (36 male and 34 females) with no smoking habits were
selected out of a group of 120. The 70 were randomly selected into two groups,
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35 in each, one fed nonirradiated foods and the other fed irradiated foods for
a 90 days period, after both groups were fed one week on control diet to have a
similar nutritional level before starting the irradiated foods tests, followed
by a complete check-up of the parameters to be studied.

The parameters studied were: (1) body weight; (2) blood pressure; (3) blood
picture(hemoglobin, hematocrit, platelet and leucocyte counts); (4) serum
protein and lipid indices; (5) liver function indices; (6) blood urea nitrogen;
(7) serum cortisol and cholinesterase; (8) T- and B-lymphocyte contents; (9)
lymphocyte chromosomae polyploidy counts (see table 1); (10) lymphocyte
chromosome structural aberrations; (11) sister chromotid exchange (SCE) (12)
examination of micronuclei in the lymphocytes; and (13) Ames test of urine (see
table 2); (14) EKG and sonography of liver and spleen.

No adverse effects from consuming irradiated foods could be discerned in any of
the tests.

In the paper by Han chi et al. f42], it is reported that after the human
testing of the five individual foods, (5 of the foods shown in table 1.) which
were carried out by a number of medical colleges and research institutes in
1982 to 1984, showed no adverse effects to the subjects exposed to the
irradiated foods, it was decided to carry out studies where the diet was
composed mainly of irradiated foods (see the two last items in table 1.).

43 medical students, 21 in the control group fed nonirradiated food and 22 in
the test group fed irradiated food were used in the test. The diet consisted
of: rice (0.37 kGy, stored at 0° C for three months); wheat (0.4kGy, stored
at room temperature for two weeks); meat products, including pork sausage and
pork chops (up to 8 kGy, stored at room temperature for 2 weeks); mustard tuber
preserved with chili (1 kGy, stored at room temperature for two weeks); 14
different varieties of vegetables, including tomato, potato, garlic sprouts,
cucumber, cauliflower, cabbage, carrot, Chinese cabbage, rape, Chinese chive,
hyacinth bean, celery, sweetbells, red peppers, lettuce, and peanut (up to 3
kGy, stored at room temperature for three days). The control group consumed
the same varieties and amounts of nonirradiated foods (same batch, stored at
same condition)

The major groups of parameters studied were: (1) acceptability; (2)
anthropometric measurements; (3) hematological indices; (4) liver and kidney
functions indices; (5) blood lipids; (6) blood sugars; (7) endocrine system
indices; and (8) chromosomal aberrations. Each of these major groups included
several parameters.

No adverse effects from consuming irradiated foods could be discerned in any of
the tests.

In the paper by Wang Ruishu et al. on the human feeding studies on rice (see
also table 1), it was concluded that there was no adverse effect was discerned
in any of the many tests.

In the one of the paper [42], references are made to several more detailed
articles on the human studies of individual food items [44-48].

In this context, we should recall that the Office of the Surgeon General of the
Army conducted seven separate feeding studies on human volunteers fed
irradiated foods in the late 50's [49]. No adverse effect from consuming
irradiated foods could be discerned in any of these seven studies.
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Table 2. Ames test of urine from humans consuming irradiated foods.[41]

Test

Before
M + SD

After
M+SD

TAgg + Sg

Ctrl, fd

31.1+7.8

23.4+4.6

irr. fd

36.1+6.5

24.2+6.4

TAgg Sg

Ctrl, fd

27.1+2.6

25.3+8.4

irr. fd

29.4+8.9

23.7+8.4

TA100 + S9

Ctrl, fd

144+17.5

169+14.2

irr. fd

143+20.8

167+8.3

TA100 S9

Ctrl, fd

139+14.0

167+24.8

irr. fd

146+26.9

148+9.6

The number: 31.7 + 7.8 in the first column means that the average count was
31.7 and the sta.dev. 7.8. For the other numbers, the meaning is
analogous.

The ratio: Rt/Rc=(induced revertants)/(spontaneous revertants) was less than
2.5 in all cases.

For comparison, the same researchers obtained for a heavy smoker the Rt value
for TAg8 + Sg of 195.6 and for the Rt/Rc=195.6/24.9=7.9.

At the Shanghai conference a paper related to wholesomeness, but not involving
human studies, was reported by Hu Jifan and Song Puju [50]. Their experiments
showed that in such foods as shrimp, fish meal, and salted eel, the
nitrosodimethylamine are significantly reduced in the dose range of 5 to 20
kGy. Their findings are similar to the findings at Natick Laboratories and
USDA Philadelphia Laboratories [51] which showed that any nitrosoamines in
bacon are significantly reduced or eliminated in the same dose range.
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