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The effect of whole body gamma irradiation at the low exposure levels of 100, 200 and 400 r 
has been studied on the rate of growth of both juvenile and adult males and females of Clarias 
lazera. Irradiation causes, in general, significant retardation in rate of increase in length of 
growing fish. Such retardation is especially marked in adult females. Irradiation causes also di-
minution in the percentage increase in weight of adults especially the females. In juvenile fish, 
radiation exposure at the levels of 100 and 200 r accelerates the rate of increase in weight while 
the higher exposure level of 400 r results in a significant retardation. The exposure level of 100 r 
increases the ratio weight/length only in juveniles. Exposure levels of 200 and 400 r decrease such 
a ratio. 

The results obtained are explained in correlation with the general knowledge of biological 
radiation syndrome and discussed in view of the relevant literature. 

Nowadays, radiation seems to be a new para-
meter in the ecology of water masses. Aquatic 
organisms are subjected to radiation from cosmic 
rays, radionuclides contained in water environment, 
bottom material and finally from internal radiation 
sources accumulated within their bodies. It is known 
that artificial radioactivity of aquatic environment 
stems from radioactive material produced by nuclear 
explosions and fall-out as well as from radioactive 
waste of all kinds discharged into the water. Such 
radioactive wastes are attributable to medical, agri-
cultural and industrial utilization of radioisotopes as 
well as to various land-based nuclear power sta-
tions and the increasing use of nuclear-powered 
ships. It is thus expected that aquatic organisms may 
be directly exposed to continued low-level radiation 
exposure, a phenomenon which may produce a 
variety of biological effects. 

In some water areas, e. g. White Oak Lake, 
Tennessee, U.S.A., the total radiation dose received 
by the fish was estimated to be at least 57 rep. per 
year from external irradiation and supposed to be 
probably several times that amount from internal ir-
radiation (KRUMHOLZ1). The author believed that 
fish population of contaminated streams may suffer 
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deleterious effects, as manifested by the shortened 
life span, slowed growth rate, and possibly the de-
creased fertility of the breeding stock, as a result of 
irradiation. 

Due to the importance of fish in particular, as 
source of food for human consumption, the physio-
logy of uptake, retention and excretion of radio-
nuclides has been studied more closely in fish than 
in any other aquatic organisms. However, irradia-
tion experiments on fish are still scanty and almost 
restricted to studies on the effect of irradiation on 
eggs and larvae (SALBERG 2 , RUGH, and CLUGSTON 3 , 
POLIKARPOV and IVANOV 4>5 . . . etc.). 

In a previous study, it has been attempted to 
study the effect of whole body gamma irradiation 
of the nile fish, Tilapia nilotica, on the carbohydrate 
metabolism as evidenced by deactivation of amylo-
lytic enzyme activity (ROUSHDY, EL-KASHEF, and 
HAGGAG 6 ) , and decrease in liver glycogen concen-
tration accompanied by initial hyperglycemia 
(ROUSHDY and EL-KASHEF 7 ) . 

The aim of the presented study is to investigate 
the effect of low exposure levels of gamma radiation 
on the growth of some egyptian fish. The common 
nile catfish Clarias lazera (Cuvier and Valencien-
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nes) has been taken as experimental example for 
the egyptian inland water fish. Both juveniles and 
adult males and females have been irradiated and 
the changes in length and weight gain have been 
periodically recorded for the same experimental 
animals. The ratio weight to length has furnished 
a practical index for the determination of whether 
or not the growth of the fish is proceeding normally. 

Material and Methods 

Clarias lazera of 2 different ages were tested; the 
juveniles, 12 —14 cm in average length and less than 
one year old, and the adults, 29 — 34 cm in average 
length and about 2 years old. Only in the latter, dif-
ferentiation of sex was possible. 

The fish, after being collected from the Experimen-
tal Ponds at the Barrage at the outskirts of Cairo 
City, were reared in large glass aquaria 0.8 cubic meter 
in capacity, each furnished with equal number of ani-
mals. Daily, equal amounts of minced forage fish meat 
were introduced and 2 hours later, the water of the 
aquaria was changed to ensure enough aeration and to 
eliminate fish excreta and food remains. 

For experimentation, fish were transported in gal-
vanized zinc aquaria, 0.3 m3 in capacity, to the 230 Ci 
cobalt-60 Gamma Irradiation Field belonging to the 
Radiobiology Department, U.A.R. • Atomic Energy 
Establishment at Inchass. Due to the durability of this 
kind of fish and its ability to survive even outside the 
water environment for a considerable period of time 
by virtue of its dentritic accessory branchial organ, no 
special device had been established for water aeration 
during transportation or irradiation. Smaller glass 
aquaria, 101 in capacity were used for irradiation. 
Juvenile fish groups were irradiated at the exposure 
levels of 100, 200 and 400 r, while adult males and 
females were irradiated at the exposure levels of only 
100 and 200 r. In all cases, radiation exposure had been 
performed over a period of 20 min, the dose rates in air 
at the selected distances from the source, fixed as sites 
for different radiation levels, were about 5, 10 and 20 r 
per min for the radiation exposure levels of 100, 200 
and 400 r respectively. The temperature of water in 
glass aquaria during the radiation treatment was 22 °C. 

Groups of the transported juvenile and adult fish 
were kept unirradiated and were taken as controls. 
Directly after irradiation, all fish groups; controls and 
irradiated, were returned to the large rearing aquaria 
at the Barrage Fish Farm. 

Estimates of the length, weight and weight/length 
ratio were periodically recorded for the same animals. 
The fish were measured from the tip of the snout to 
the end of the caudal fin. Measurements were made 
to the nearest 0.5 cm and the total weight was deter-
mined to the nearest gram. Ten animals from each 
group were tested at a time, and the average of 20 
readings was then calculated and taken into considera-

tion. Estimations were carried out weekly during the 
first experimentation month, while later, they were 
made every fortnight. With the juveniles, the experi-
mentation period lasted for 10 weeks while with the 
adults, measurements were continued for 22 weeks 
after radiation exposure. 

Results 

As presented in Table I and in Figure 1, irradia-
tion in general, seems to diminish the rate of in-

400 R. 

Fig. 1. Histogram showing comparative percentage increase 
in growth rate measurements of juvenile fish after different 

radiation exposures. (Experimentation period 10 weeks.) 

Time Para- Control Irradiated 
(weeks) meter 100 r 200 r 400 r 

a 13.35 13.50 13.50 13.10 
0 b 14.60 14.40 13.70 13.70 

c 1.10 1.07 1.02 1.05 
a 13.35 13.50 13.50 13.10 

2 b 14.40 14.30 13.40 13.40 
c 1.07 1.05 1.00 1.02 
a 13.40 13.75 13.65 13.10 

4 b 14.90 15.30 14.30 13.20 
c 1.11 1.11 1.04 1.00 
a 13.64 13.93 13.78 13.15 

6 b 15.95 16.57 15.16 13.80 
c 1.17 1.19 1.10 1.05 
a 14.00 14.15 13.95 13.20 

8 b 17.40 18.20 16.20 14.60 
c 1.24 1.28 1.16 1.10 
a 14.00 14.15 13.95 13.20 

10 b 16.40 17.80 15.80 13.20 
c 1.10 1.25 1.13 1.00 

Increase in length (Cm.) 0.65 0.65 0.45 0.10 
Increase in length [%] 4.87 4.81 3.33 0.76 
Increase in weight (g.) 1.8 3.4 2.1 - 0 . 5 
Increase in weight [%] 12.32 23.61 15.32 - 3 . 6 5 

Table I. Changes in growth rate measurements in irradiated 
juvenile fish, Clarias lazera. (Experimentation period 
10 weeks.) a = Average length in Cm, b = average weight 

in grams, c = ratio weight/lenght. 
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crease in length of growing Clarias lazera. On the 
other hand, irradiation at the exposure levels of 100 
and 200 r seems to accelerate the percentage in-
crease in juvenile fish weight during the experimen-
tation period of 10 weeks. Such acceleration being 
more intensive after the lower exposure level of 
100 r. The higher exposure level of 400 r causes, 
on the contrary, significant loss in weight. Irradia-
tion causes, moreover, either temporary or pro-
longed decrease in the weight to length ratio in the 
juveniles. After the exposure levels of 200 and 
400 r, this decreased ratio persists during the whole 
experimentation period of 10 weeks. After the lower 
exposure level of 100 r, on the other hand, the 
initial decrease in such a ratio has been recovered 
four weeks after radiation exposure. Later, the ratio 
gets progressively higher till the end of the experi-
mentation period (Fig. 2) . 
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Fig. 4. Histogram showing comparative percentage increase 
in growth rate measurements of adult fish after different radia-

tion exposures. (Experimentation period 22 weeks.) 
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Fig. 2. Changes in weight/length ratio after different radia-
tion exposures of juvenile fish. ^ 
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In case of adult Clarias lazera, on the other hand, 
and as presented in Tables II and III and in figures 
3 and 4, irradiation at the tested exposure levels, 
causes retardation in the percentage increase in both * 7 0 

the length and weight of adult males and females. -2 
D 6.0 

Fig. 5. Changes in weight/length ratio of adult females after 
different radiation exposures. 
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Fig. 3. Histogram showing comparative percentage increase 
in growth rate measurements of adult fish after different 

radiation exposures. (Experimentation period 10 weeks.) 

Fig. 6. Changes in weight/length ratio of adult males after 
different radiation exposures. 

Such retardation being more pronounced after the 
higher exposure level especially marked during the 
first experimentation period of 10 weeks. In general, 
it has been noticed that adult females are particu-
larly more affected by radiation exposure than the 
adult males. Irradiation at the exposure levels of 
100 and 200 r causes, moreover, detectable de-
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Time Para- Control Irradiated 
(weeks) meter 100 r 200 r 

9 <3 9 <5 9 (5 

a 31.66 32.00 31.66 32.66 30.66 31.00 
0 b 178.00 173.30 177.61 182.90 169.86 158.16 

c 5.62 5.41 5.61 5.60 5.54 5.10 
a 31.66 32.00 31.66 32.66 30.66 31.00 

2 b 161.33 162.50 157.03 164.28 147.78 146.94 
c 5.09 5.08 4.96 5.03 4.82 4.74 
a 32.16 32.16 31.66 32.66 30.66 31.00 

4 b 182.34 183.96 169.40 183.87 149.92 163.69 
c 5.67 5.78 5.35 5.63 4.89 5.28 
a 32.16 32.33 31.66 33.16 30.66 31.16 

6 b 189.74 186.54 180.78 189.01 161.58 172.93 
c 5.90 5.77 5.71 5.70 5.27 5.55 
a 32.16 32.33 31.66 33.16 30.66 31.16 

8 b 189.74 196.57 181.08 191.98 166.79 180.10 
c 5.90 6.08 5.72 5.94 5.44 5.78 
a 32.33 32.83 31.66 33.16 30.66 31.33 

10 b 195.60 209.13 186.80 211.56 177.21 184.84 
c 6.05 6.37 5.90 6.38 5.78 5.90 

Increase in length (Cm.) 0.67 0.83 0.00 0.50 0.00 0.33 
Increase in length [%] 2.11 2.59 0.00 1.53 0.00 1.06 
Increase in weight (g.) 17.60 35.83 9.19 28.66 7.35 26.74 
Increase in weight [%] 9.88 20.67 5.17 15.66 4.33 16.91 

Table II. Changes in growth rate measurements, in irradiated adult fish, Clarias lazera. (Experimentation period 10 weeks.) 
a = Average length in Cm, b = average weight in grams, c = ratio weight/length. 

Time Para- Control Irradiated 
(weeks) meter 100 r 200 r 

9 (5 9 (5 9 <5 

a 31.66 32.00 31.66 32.66 30.66 31.00 
0 b 178.00 173.30 177.61 182.90 169.86 158.10 

c 5.62 5.41 5.61 5.60 5.54 5.10 
a 32.33 32.83 31.86 33.16 30.66 31.50 

12 b 199.79 211.75 187.11 212.89 172.92 183.96 
c 6.18 6.45 5.91 6.42 5.64 5.84 
a 32.33 32.83 31.86 33.16 31.16 31.66 

14 b 195.27 207.80 187.02 215.88 187.58 197.56 
c 6.04 6.33 5.87 6.51 6.02 5.85 
a 32.50 33.16 32.10 33.50 30.83 31.66 

16 b 206.70 224.16 205.76 243.21 173.88 185.21 
c 6.36 6.76 6.41 7.26 5.64 6.24 
a 32.50 33.35 32.16 33.76 31.23 31.83 

18 b 197.92 222.11 197.14 233.28 185.50 204.03 
c 6.09 6.66 6.13 6.91 5.94 6.41 
a 33.00 33.50 32.23 33.93 31.23 31.95 

20 b 209.88 250.48 207.88 205.32 190.81 210.42 
c 6.36 6.88 6.45 7.23 6.11 6.59 
a 33.16 33.66 52.56 34.20 31.33 32.10 
b 219.52 236.29 216.52 242.81 193.93 209.29 

22 c 6.62 7.02 6.65 7.10 6.19 6.52 

Increase in length (Cm.) 1.50 1.66 0.90 1.54 0.67 1.10 
Increase in length [%] 4.73 5.18 2.84 4.71 2.18 3.54 
Increase in weight (g.) 41.52 62.99 38.91 59.92 24.07 51.19 
Increase in weight [%] 23.32 36.34 21.90 32.76 14.17 32.37 

Table III. Changes in growth rate measurements, in irradiated adult fish, Clarias lazera. (Experimentation period 22 weeks.) 
a = Average length in Cm, b = average weight in grams, c = ratio weight/length. 
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crease in weight to length ratio in adult females 
and males. The decrease being more pronounced 
after the higher exposure levels and of greater 
magnitude in case of females (Fig. 5 ) . In the males, 
the ratio seems to remain almost unchanged after 
the lower exposure level of 100 r (Fig. 6) . 

The results obtained suggest the following con-
clusions: 

In normal untreated controls, the percentage 
increase in length is significantly higher in juveniles 
than in adult fish. Amongst the adults, this per-
centage is higher in males than in females. 

The percentage increase in weight is higher 
in normal adult males than in juvenile fish. The 
smallest percentage increase has been recorded 
amongst adult females. 

The weight to length ratio is found to be 
higher in adult males than in females. The ratio 
being comparatively smaller in juvenile fish. 

Whole body gamma irradiation at the tested 
exposure levels, causes significant retardation in the 
percentage increase in length in both juvenile and 
adult fish. The magnitude of retardation parallels 
the intensity of radiation exposure. In this respect, 
the juvenile fish are the least affected while the 
adult females showing the most retardation. 

Whole body gamma irradiation causes, in 
general, marked retardation of the percentage in-
crease in weight of adult fish. Retardation being 
more intensive in females than in males. In juvenile 
fish on the other hand, exposure levels of 100 and 
200 r accelerate the percentage increase in weight. 
Acceleration is especially marked after the lower 
exposure level. Radiation exposure at the higher 
level of 400 r causes, on the contrary, significant 
retardation of the percentage increase in weight of 
irradiated fish. 

Whole body gamma irradiation at the ex-
posure level of 100 r increases the weight to length 
ratio in juvenile fish. No comparable effect has been 
recorded amongst adults. Radiation exposure at the 
levels of 200 and 400 r induces prolonged decrease 
in such a ratio amongst both juvenile and adult fish. 

Discussion 

It is known that, after birth, the body increases 
rapidly in size and weight. Relative growth has been 
defined as the "ratio of the gain during a given 
period to the weight at the beginning of that 

period" (JACKSON 8 ) . However, we are as yet only 
at the beginning of our knowledge regarding the 
conditions that promote and limit growth. It is 
known that the anterior lobe of hypophysis secretes 
a growth-promoting hormone. As might be expected, 
the stimulus to growth is accompanied by a retention 
of nitrogen. An increase in deposit protein appear 
to be one of the first changes in protein metabolism 
caused by the growth principle. Moreover, in 
growing animals, stimulating effect of the thyroid 
hormone on growth has been early demonstrated. 
Added to that, the thyroid-pituitary relationship 
and the relation of the thyroid to the adrenals and 
gonads are well known physiological fundamentals 
in growth studies. Furthermore, it is known that the 
increase in size of an animal is normally estimated 
largely from the growth of the skeleton. The marked 
growth tendency of the skeleton is controlled or 
stimulated to a certain extent by secretion from the 
thyroid, parathyroid, and hypophysis, and possibly 
from other sources. It seems obvious, therefore, that 
the actual effect of radiation exposure on the growth 
rate of animals cannot be well explained before the 
sequence of the physiological and anatomical 
changes in the thyroid, parathyroid and hypophysis, 
among others, are thoroughly studied. Such know-
ledge still awaits further investigation. 

In the course of the presented study, signs of 
significant acceleration in growth rate has been 
traced after whole body gamma irradiation of juve-
nile Clarias lazera at low exposure levels. Such ac-
celeration is mainly attributed to increase in weight 
rather than increase in length. Irradiation at the 
same levels decreases the growth rate of both adult 
males and females. These results may be partly ex-
plained on the basis of the different susceptibility 
to radiation effects due to age factors. Revising the 
literature, an increase in growth rate in the fish 
Lebistes, as well as in many other species of ani-
mals, has been reported as one of the numerous 
results of ultrasonic treatment (BOWES9). Natural-
ly, this raises the difficult question: does radiation 
stimulate growth or retard it? 

Some authors stated that, according to the inten-
sity of the irradiation, growth processes are, at first 
stimulated but this period is followed by depression, 

8 JACKSON, Amer. J. Anatomy 9 , 1 1 9 [1909]. 
B D. W. BOWES, Dissert. Catholic Univ. Amer. Press, Wash-

ington 1960. 
10 L. LOEB, Amer. J. Roentgenol. 9, 497 [1922] . 
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or that an initial period of retardation is followed 
by a period of accelerated growth (LOEB 1 0) . Others, 
working with X-ray, cited the premature termina-
tion of bone growth as a result of irradiation 
(BISGARD and H U N T 1 1 ) , and at the same time ap-
pear to hold with those who reported that the 
period of growth was not appreciably shortened 
but that the rate was retarded (BROOKS and HILL-
STROM12). Still some authors, however, claimed 
that there was no evidence in favour of stimulation 
of growth by any amount of radiation (BLOOM 13). 

1 1 J. D . BISGARD and H . B . H U N T , R a d i o l o g y 2 6 , 5 6 [ 1 9 3 6 ] . 
1 2 V . BROOKS and H . T . HILLSTROM, A m e r . J. S u r g e r y 2 0 , 5 9 9 

[ 1 9 3 3 ] . 

Whether or not the present exposure levels of 
gamma irradiation of Clarias lazera are injurious, 
need still further investigation. Observation should 
be made on large numbers of irradiated animals 
before supporting a definite conclusion. In the pre-
sented study, the signs and symptoms of radiation 
effects are not of appreciable severity. The irradiated 
animals did not show the signs of debility or 
lethargy and their response to external stimuli was 
almost normal. 

13 W. BLOOM, Histopathology of Irradiation from External 
and Internal Sources, McGraw-Hill, New York 1948. 


