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ABSTRACT 
 
The tebo worms or butterworms (Chilecomadia moorei) are widely used in Chile in fishing, and so are in the 
international markets although there are some countries, that use these species, to a less extent for preparing food 
reptiles. 
 
Some foreign countries requirements demand, from the exporters, to carry out quarantine treatments related to the 
sterilization by ionizing energy, however customers need to make sure about their products safety and that is why it 
is compulsory to establish limits in connection with worms’ irradiation resistance.  
 
The irradiation effect on a worms sample using doses of 0.3; 0.45; 0.6 and 0.9 kGy was studied macroscopically, 
after 1 hour, and then 30, 60 and 90 days after the treatment. One of the equipments utilized had a Cobalt 60 source, 
where as the other one had Cesium 137 irradiators, with a dose rate of 42.7 Gy minute (min)-1 and 37.1 Gy min-1, 
respectively. The results concluded that tebo worms can resist more than 3 times the doses suggested by the meta 
countries without reducing the population drastically, nevertheless it is required to increase the number of worms to 
be analyzed in order to validate the findings.  
 
 

1. - INTRODUCTION 
 
The tebo worm is a flying insect’s larva or "moth" which parasites in Chilean native shrub called 
tebo or trevo, a species developed very well in the coast Mountains and in the nearby coastal 



areas forming mixed shrubs together with other species such as: the thorn bush, the colliguay, the 
boldo, the litre, maiten, among others. [1] 
The tebo worm is one of the widespread and successful bait fish in our country as the lore, for 
this reason some other countries have expressed interest for this condition by opening a non-
traditional export market that generates income from abroad. It is noteworthy that this species can 
also be used to manufacture food for reptiles, in other countries. 
The export of live animals is not easy, because there must be authorization from the national 
auditing and regulating entities which approve the shipment and trade of this species. Moreover, 
there must also be the approval of the destination country that demands a series of conditions to 
allow the entry of these products and under these terms North American countries demand that 
the tebo worm has been submitted to a controlled process of treatment, with ionizing energy. 
There some other countries which do not require these worms have been irradiated, mainly 
because the environmental conditions make the development of this species in that habitat, 
practically impossible.  
The Ionizing energy applied to these larvae is able to inhibit its development, this means that 
once the tebo worms are treated they lose its capacity to transform into flying insects, what it is 
known as a quarantine treatment. These measurements avoid the worm from reproducing once in 
their final destination, generating a new plague that eventually might affect the ecosystem. [2] 
There exists apparent ignorance regarding the radiation tolerance of this species; sometimes the 
maintenance conditions of these worms have not been appropriate resulting in high mortality rate. 
Taking this aspect into account, the main aim of this study is to find out an approximation of the 
tebo worms resistance to irradiation by keeping them under good conditions o temperature, 
humidity and food, among others, so as to establish adequate background to show the maximum 
of ionizing energy that these individuals can withstand at a given time, all of this considering as a 
base, the minimum dose required by the importing countries, 0.3 kilo Gray (kGy). 
 

2. - DEVELOPMENT 

2.1 Objectives 
 
Determine the tebo worms resistance to the treatment with ionizing energy in order to inhibit its 
development. 
Determine the irradiation time of the irradiation dose applied to tebo worms through a 
standardized dosymetric system in the irradiator, Cobalt 60 and Cesium 137.  
Irradiate tebo worms with 0.3; 0.45; 0.6 and 0.9 kGy to establish the maximum absorbed dose of 
survival, in the irradiator Cobalt 60 and Cesium 137. 
 
2.2 Material 
 
The study used the irradiators 60Co Gammacell 220R and 137Cs BPCDI for treatments with 0.3; 
0.6; 0.9 and 1.2 kGy, which were subsequently applied to verify the degree of resistance to 
radiation. 
The tebo worms were provided by the ExpoAgro enterprise and were kept in containers with 
sawdust at a cooling temperature of 5 +1º C. The temperature only varied at the moment of 
irradiation, which reached 20 +2º C. The tebo worms were studied for 90 days after being 
collected. 



The sample size corresponded to 10 worms per dose for the irradiator cobalt 60, 12 for the 
equipment of Cesium 137 and 12 that were not submitted to irradiation treatment and that 
remained as a control. 
 
 2.2.1  Irradiator Cobalt 60 (60Co)  
 
The irradiator Gammacell 220R is an equipment that has a source of Cobalt 60 and nominal 
activity of 20.000 Ci, June 25 1993. The dose rate applied to samples was 42.1 Gy min -1. 
 
2.2.1.1 Dosimetry 
 
Dosimetry performed to calibrate and validate the dose of irradiation was conducted in a plastic 
cylindrical container, with 5 cm diameter and 2.5 cm high, similar to a petri dish, plate where 10 
tebo worms were located in its substrate, with a total weight of 14 grams (g). Fricke solution was 
used, packed in ampoules of 5 ml which were located equidistant around the container, plus one 
placed in the center, which was irradiated for 2; 4 and 6 min. Scheme 1 and 2. Photo 1. [3] 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Geometry and arrangement of Fricke dosimeters in the dish 
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Scheme 2 and Photo 2. Irradiation chamber with a dish of worms 
 
 
 
The ampoules with the solution were read by means of a Perkin Elmer spectrophotometer, 
lambda model 35, with a wavelength of 301.9 nm 
 
The results at this stage allowed to obtain the maximum and minimal dose points in the given 
geometry and they were occupied for performing the calibration curve and finally calculate the 
time associated with the established irradiation dose. 
 
2.2.1.2 Irradiation  
 
The treatment of worms was carried out with doses of 0.3; 0.45; 0.6 and 0.9 kGy, taking into 
account the geometry determined in dosimetry. Scheme 3. 
 
 
 
 
 
 
 
 
 
 

Scheme 3. Location of the tebo worms to irradiation. 
 
 
 
The resistance of worms to the irradiation was assessed by observing their capacity to respond to 
stimuli (movement) as well as the physiological changes observed one hour after treatment and 
30; 60 and 90 days after exposure. The indicator used was the percentage of mortality (M%), 
detailed below. [4] 
 
M (%) =     Number of individuals alive after irradiation           X 100 
                Total number of individuals subjected to irradiation 
 
2.2.2 Irradiator Cesium 137 (137Cs) 
 
The irradiator BPCDI is equipment that has a source of Cesium 137, with nominal activity of 
108.000 Ci, 1969 August. The dose rate applied to the samples was 37.1 Gy min -1. 
 
2.2.2.1 Dosimetry 
 
The dosimetry performed to calibrate and validate the irradiation dose was conducted in a plastic 
cylindrical container, with 5 cm diameter and 2.5 cm high, similar to a petri dish, where12 tebo 
worms were located in its substrate, with a total weight of 16 grams (g). Fricke solution was used, 



packed in 5 ml ampoules which were located equidistant around the container, plus one located in 
the center, which was irradiated by 2.5; 5.0 and 7.5 min. In turn, the plastic container with worms 
was placed in the center of a cardboard box 17cm high, 35cm wide and 40cm long, since the load 
capacity of this equipment is much higher than that one of cobalt 60. [3] Scheme 4. 
 
  
 
 
 
 
 
 
 
 
 
 
 

Scheme 4. Cardboard box with the dish with worms 
 
 
 
The ampoules with the solution were read using a Perkin Elmer spectrophotometer, Lambda 35 
model, with a wavelength of 301.9 nm 
  
Like the previous dosimetry, the results obtained at this stage permitted to obtain the maximum 
and minimal dose points in the given geometry and they were occupied to do the calibration 
curve and finally calculate the time associated with the irradiation dose established 
 
2.2.2.2 Irradiation 
 
The treatment of worms was performed with doses of 0.3; 0.45; 0.6 and 0.9 kGy, considering the 
geometry determined in the dosimetry, as in the previous team. 
 
The resistance of worms to the irradiation was assessed by observing their capacity to respond to 
stimuli (movement) as well as the physiological changes observed one hour after treatment and 
30, 60 and 90 days after exposure. The indicator used was the percentage of mortality (M%), 
detailed below. [4] 
 
M (%) =      Number of individuals alive after irradiation         X 100 
              Total number of individuals subjected to irradiation 
 
2.3 RESULTS 

 
2.3.1 Irradiator Cobalt 60 (60Co)  
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The maximum and minimal dose points obtained by means of dosimetry were the number 4 and 
5, respectively. 
 
The maximum, minimal and average dose and the uniformity are presented in Table 1. 
 
 
 

Table 1. Maximum, minimal and average dose and uniformity of dose 
 

Time Maximun dose Minimal dose Average dose Uniformity
2 91,4 79,4 85,4 1,15
4 182,4 165,2 173,8 1,10
6 271,6 232,8 252,2 1,17  

Note 1. The time is expressed in minutes. 
Note 2. The doses are expressed in Gray (Gy). 
Note 3. The Values obtained on October 25, 2007. 
Note 4.  The uniformity is the ratio between the maximum and minimal dose. 

 
 
 
The calibration curve obtained from the results of dosimetry is presented below. Figure 1. 
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Figure 1. Calibration curve for obtaining the time of irradiation 
 

 
 
2.3.2 Irradiator Cesium 137 (137Cs) 
 
The maximum and minimal dose points obtained by means of dosimetry were the number 3 and 
5, respectively. 
 



The maximum, minimal, and average dose and uniformity doses are presented in Table 2. 
 

 
 

Table 2. Maximum, minimal and average dose and the uniformity dose 
 

Time Maximun dose Minimal dose Average dose Uniformity
2,5 115,9 112,7 114,3 1,03
5 215,5 215,3 215,4 1,00

7,5 315,7 312,7 314,2 1,01  
Note 1. The time is expressed in minutes. 
Note 2. The doses are expressed in Gray (Gy). 
Note 3. The Values obtained on October 25, 2007. 
Note 4. Uniformity is the ratio between the maximum and minimal dose. 

 
The calibration curve obtained from the results of dosimetry is presented below. Figure 2. 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Calibration curve for obtaining the irradiation time 
 

 
 
2.3.3 Irradiations 
 
The treatment results are presented in Table 3 and 4. 
   

Table 3. Number of dead worms and their mortality percentage. Irradiator cobalt 60 
 

Irradiator Co 60 Day 1 M Day 30 M Day 60 M Day 90 M Total dead M Total cumulative
0,3 kGy 0 0 0 0 1 10 0 0 1 10
0,45 kGy 0 0 0 0 1 10 0 0 1 10
0,6 kGy 0 0 0 0 0 0 1 10 1 10
0,9 kGy 0 0 0 0 0 0 1 10 1 10
Control 0 0 0 0 0 0 0 0 0 0  

Note 1. Mortality (M) is expressed in percentage. 
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Table 4. Number of dead worms and their mortality percentage. Irradiator Cesium 137 
 

Irradiator Cs 137 Day 1 M Day 30 M Day 60 M Day 90 M Total dead M Total cumulative
0,3 kGy 0 0 0 0 2 17 2 17 4 33
0,45 kGy 0 0 0 0 0 0 0 0 0 0
0,6 kGy 0 0 0 0 0 0 2 17 2 17
0,9 kGy 0 0 0 0 2 17 2 17 4 33
Control 0 0 0 0 0 0 0 0 0 0  

Note 1. Mortality (M) is expressed in percentage. 

 
 
 

3. - DISCUSSION AND CONCLUSIONS 
 
The results show that up to day 30 - with all doses applied in both irradiators - the population of 
worms remained intact. 
 The radiation resistance of this species begins to decline from that day, having the most 
remarkable changes been observed on the day 60, where mortality was observed between 10 to 
17%. At this point, there is irregularity in the measurement with different doses, because it was 
expected that in all cases the population subjected to higher doses diminished more than those 
subjected to lower doses but, this was not revealed exactly. 
From the day 90 it is seen that the effect of higher doses is more consistent with the expectations, 
since the higher the doses, the more tebo worms mortality is observed,  however, for the cesium 
irradiator with lower dose, the mortality was higher 33%. 
These differences may be attributed firstly, to the state of each worm since before the study they 
were kept in captivity for three months in cooled environment secondly; to the low number of 
individuals evaluated per variable, therefore it would be required to perform testing with a larger 
population to determine more accurately the resistance degree of the tebo worms to higher doses. 
Nevertheless, these results allow to get an approximation on the individuals resistance to the 
ionizing energy. 
On the other hand, it is seen that with Cobalt 60, the mortality percentage did not exceed 10% 
compared to 33% which was achieved with the equipment Cesium 137, This could be attributed 
to the electromagnetic wave effect from various radioisotopes that could influence an uneven 
behavior, but in order to clarify this fact it would be necessary to work with a larger population. 
Treatment with ionizing energy applied to tebo worms results in low mortality percentage, on the 
other hand, these individuals are able to withstand up to 3 times the recommended dose 
demanded for the importing countries. 
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