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ABSTRACT 
 
On March 11th 2011, Japan was struck by a devastating earthquake followed by a tsunami wave that took the 
lives of thousands and started a major nuclear accident in the Fukushima Dai-ichi power plant complex. Right 
from the beginning, the information published by the Japanese government and by the International Atomic 
Energy Agency (IAEA) was followed by a team of experts at the Institute for Radiation Protection and 
Dosimetry (IRD) of Brazil. Radiation monitoring data, such as radionuclide activity concentration in water and 
food, ambient dose rate and fallout concentration in specific cities have been compiled and analyzed, with 
emphasis on dose limits established by Brazilian regulatory authority. A computer code for dose assessment, 
developed at the IRD and based upon the IAEA documents TECDOC-1162 and TECDOC-955, was used to 
assess the doses due to intakes of radionuclides and external exposure for individuals of different age groups. 
The IAEA model predictions for the ambient dose rates, when the fallout is known, are compared with the 
measured values in different cities. The Japanese recommendations for evacuation, sheltering and restriction of 
food and water consumption are evaluated with regards to the Brazilian limits defined in the CNEN NN 3.01 
standard. 
 
 

1. INTRODUCTION 
 
 
On March 11th 2011, Japan was struck by a devastating earthquake followed by a tsunami 
wave that took the lives of thousands and started a major nuclear accident in the Fukushima 
Dai-ichi power plant complex. From the beginning, the accident was followed by a team of 
experts at the Brazilian Institute for Radiation Protection and Dosimetry (IRD) on a daily 
basis through the radiological monitoring data published in the official internet home pages 
of the Japanese government, International Atomic Energy Agency (IAEA) and World Health 
Organization (WHO). Since the publication of radiological monitoring data on Japanese 
cities, the team made calculations of equivalent dose, committed effective dose, ambient dose 
rates and compared results with the limits and recommendations established in the Brazilian 
standard for radiological protection (CNEN NN-3.01). The objective of this study was to 
provide technical support and to process information regarding the radiological situation in 
Japan to serve as guidelines for Brazilian nationals living in Japan, for people arriving in 
Brazil from Japan and for Brazilian government authorities who had to decide about 
importing goods and food coming from Japan.  
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2. MATERIALS AND METHODOLOGY 
 

Radiological monitoring data and information published on official web pages of the 
Japanese government, International Atomic Energy Agency [1] and World Health 
Organization [2] were used in this work.  

The Ministry of Education, Culture, Sports, Science and Technology of Japan (MEXT) [3] 
published daily monitoring for data for ambient dose rate [µSv/h], activity concentration in 
water [Bq/kg] and fallout concentration [MBq/km2]  measured in some Japanese localities. 
The Ministry of Health, Labour and Welfare of Japan (MHLW) [4] published daily 
radiological monitoring data on food [Bq/kg] and guidelines of the Japanese authorities 
regarding the restriction of food intake and restriction to the consumption of drinking water. 
Published data on the electronic pages cited were compiled into spreadsheets and presented in 
graphical form to facilitate analysis and daily follow-up of the evolution of the accident. Due 
to the large amount of information, the graphical representation of radiological monitoring 
data presented in this article, as well as calculations and analysis are limited to cities that had 
radiation levels above or close to the limits for which it was necessary any action to avoid or 
minimize radiation exposure to the population. 

The Radiological Assessment System (RAS) [5], developed at IRD, was used to perform 
calculations of equivalent dose and committed effective dose. This system is based on the 
document TECDOC 1162 [6] published by International Agency of Atomic Energy, which 
presents general procedures for evaluation and response to radiological emergencies. The 
developed system is a computer code to be used for dose assessment due to nuclear or 
radiological accidents. It includes a database with information about radionuclides and dose 
conversion factors for various exposure geometries. Allows make instant assessment or 
prediction of future exposure by simulating the behavior of radionuclides, age of individuals 
exposed and existing sheltering conditions. 

Published values of activity concentration in water and food and fallout were applied in the 
Radiological Assessment System [5] to calculate dose. Considerations are necessary for the 
simulation of some scenarios in which the population can be exposed. In the calculations with 
data deposition were considered two situations:  

• Individual in an open place and the dose was calculated at a point 1 meter above the 
ground and 

• Individual in a house of brick or concrete with 1 or 2 floors. 

For drinking water was considered that an adult consumes 2 liters of water per day and a 
child ingests 0.5 liters of water per day [7]. The values obtained in the calculation of 
committed effective dose, as well as the activity concentrations in food and water are 
compared to limits established in the Brazilian standard CNEN NN-3.01 [8] and its 
Regulatory Position 3.01/006 [9]. With this analysis, the team of IRD could assess the 
guidelines and recommendations of the Japanese authorities to population. 
 
 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

2.1. Radiological Monitoring Data 
 
 
The figures below show a graphical representation of the time evolution of the radiological 
measurements in the cities that had levels of radiation above the limits established in 
Japanese law. Fig. 1 and 2 show, respectively, the concentration of I-137 and Cs-131 in 
drinking water. The samples were collected from treatment plants, reservoirs of water for 
domestic supply or tap directly into homes. Note that some provinces have more than one 
reservoir and that the data presented here relate to a specific reservoir in each province, 
chosen at the criteria of the Japanese authorities and that was monitored during the accident.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. I-131 concentration [Bq/kg] in drinking water. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Cs-137 concentration [Bq/kg] in drinking water. 
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Table 1 shows the concentrations of I-131 in water collected from the treatment plant, 
reservoir or on tap. The Japanese law limits the concentration of I-131 in water at 100 Bq/kg 
for children and 300 Bq/kg for adults [4]. The values of iodine concentrations found in water 
samples which were above these limits are shown in Table 1. 

 
 
 

Table 1. I-131 concentration in water [4]. 
 

Prefecture Date Region I-131 [Bq/kg] 

Fukushima                                                                                                                    

17/mar Tamura-shi 348 
18/mar Kawamata-machi 239 
18/mar Minamisoma-shi 105 
18/mar Tamura-shi 317 
20/mar Iitate-mura 965 
21/mar Iitate-mura 492 
21/mar Date-shi 120 
21/mar Koriyama-shi 150 
21/mar Iwaki-shi 103 

Tókio 22/mar Kanamachi 210 

Ibaraki 

22/mar Hitachiota-shi 245 
23/mar Tokaimura 188,7 
23/mar Kita-Ibaraki-shi 116,1 
23/mar Hitachi-shi(1) 150 
23/mar Hitachi-shi(2) 298 
23/mar Kasama-shi 170 

Chiba 
23/mar Nogiku-no-sato 220 
23/mar Kuriyama 180 

Tochigi 24/mar Utsunomiya-shi 110 
 
 
 

Fig. 3 and 4 show, respectively, the data presented by the measurement of deposition (fallout) 
of I-131 and Cs-137. To facilitate, Fig. 5 and 6, show some data in other values of scale. 
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Figure 3. Deposition of I-131 activity [Bq/m2]. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Deposition of Cs-137 activity [Bq/m2]. 
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Figure 5 - Deposition of I-131 activity [Bq/m2]. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6 - Deposition of Cs-137 activity [Bq/m2]. 
 
 
 

Daily ambient dose rate values for each hour of the day were published. The dose rate 
throughout the day showed little variation. Fig. 7 shows the values of dose rates [µSv/h] 
measures from 11 to 12 hours each day in Japanese cities.  
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Figure 7 – Ambient Dose Rate [µµµµSv/h]. 

 
 
 

Table 2 presents the highest daily concentrations of I-131 [Bq/kg] in food. The Japanese 
government limited the concentration of I-131 in vegetables to 2000 Bq/kg and to 300 Bq/kg 
in milk [4]. According to information provided by MEXT, the marketing of foods with a 
concentration of radionuclides above these limits was suspended.  

 
 
 

Table 2 – Highest values of I-131 concentration in food [3]. 
 

Prefecture Food Date I-131 [Bq/kg] 
Fukushima  raw milk 20/mar 5300 

Ibaraki raw milk 20/mar 1700 
Fukushima Broccoli 21/mar 17000 
Fukushima Kukitachina 21/mar 15000 
Fukushima Spinach 21/mar 19000 
Fukushima Shinobuhuyuna 21/mar 22000 
Fukushima Santona 21/mar 4900 
Fukushima Komatsuna 21/mar 5900 
Fukushima Rapeseed 21/mar 2600 
Fukushima Kosaitai 21/mar 5400 
Fukushima Shiitake 08/abr 12000 

Ibaraki  Parsley 21/mar 12000 
Ibaraki Spinach 18/mar 54100 
Tochigi Spinach 19/mar 5700 
Tochigi garland chrysanthemum  24/mar 4340 
Chiba garland chrysanthemum 19/mar 4300 
Chiba Parsley 22/mar 3100 
Chiba Spinach 24/mar 3500 

Gunma Spinach 19/mar 2600 
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3. RESULTS AND DISCUSSION 
 
 
3.1. Analysis of Activity Concentration in Water 
 
In some Japanese cities the concentration of I-131 in water exceeded the limit set by Japan 
(Table 1), which was aimed at restricting the consumption of tap water. However, there was 
still concern about the consumption of water in some regions due to the difference in iodine 
concentration limit established by Japan and the limit recommended by international 
organizations and adopted by several countries including Brazil. Japan adopted in its 
legislation the threshold concentration of I-131 in water of 100 Bq/kg for children and 300 
Bq/kg for adults. Brazil adopts the limit of 100 Bq/kg for both children and adults. Thus, it 
was appropriate to estimate the dose received by an adult and a child who ingested water, for 
a given period, where the concentration of iodine was above the limit of 100 Bq/kg 
established by Brazilian legislation. 
 
A hypothetical scenario based on monitoring results was defined with the constant 
concentration of I-131 in the water being 180 Bq/kg for 7 days and then reduced to 23 Bq/kg 
for 30 days. Under these conditions, an adult who ingested 2 liters of water for 37 days would 
have received an effective dose of approximately 0.01 mSv. A child from 0 to 2 years of age 
who ingested 0.5 liters of water during the 37 days would receive an effective dose of 
approximately 0.2 mSv. Although this dose is not high, the IRD team would advise children 
and pregnant and lactating women in special avoiding drinking tap water, if alternative water 
supply is available, since it was not the only source of exposure to ionizing radiation.  
 
As it was asked, was clarified to population that water boiling does not exclude radioactivity 
contamination. 
 
 
3.2. Analysis of Deposition (Fallout) 
 
The maximum values of radiological monitoring carried out in some Japanese cities occurred 
on March 22, as seen in Fig. 3 and 4. Special attention was given to the values of 32,000 
Bq/m2 of I-131 and 5,300 Bq/m2 of Cs-137 in the Tokyo city and 85,000 Bq/m2 of I-131 and 
12,000 Bq/m2 in the Ibaraki city. The RAS code was used to calculate the dose, the effective 
dose in the first and second months and committed effective dose. Two situations were 
considered: 1) open place being the reference point 1 meter above ground and 2) a house of 
brick or concrete, considering the individual to be 24 hours in these environments.   
 
In a release of radioactive material from a reactor, one must consider, however, the 
occurrence of other radionuclides besides iodine-131 and cesium-137, which contribute to 
exposure and dose in the population [10]. From the values of deposition of Cs-131 and I-137 
was made an estimate for the deposition of I-132, Cs-134 and Te-132. This estimate 
considered the proportion of these radionuclides in the measurements of activity 
concentration in air. Tables 3-6 present the results obtained with the RAS code for the 
simulations. 
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Table 3: Tokyo City - External environment at 1 meter above the ground. 
 

Radionuclide 
Fallout Dose Rate  Effective Dose [mSv] 
[Bq/m2] [mSv/h] 1o month 2o month 50 years 

Cs-137 5300 1,10E-05 3,69E-03 3,48E-03 4,64E-01 
Cs-134 5300 2,84E-05 9,87E-03 9,09E-03 1,90E-02 
I-131 32000 4,26E-05 5,56E-03 3,94E-04 5,98E-03 
I-132 3200 2,50E-05 4,14E-05 0,00E+00 4,14E-05 

Te-132 3200 2,57E-06 1,54E-03 2,53E-06 1,54E-03 
  TOTAL 1,09E-04 2,07E-02 1,30E-02 4,90E-01 

 
 
 

Table 4: Tokyo City - Home of brick or concrete one or two floors. 
 

Radionuclide 
Fallout Dose Rate  Effective Dose [mSv] 
[Bq/m2] [mSv/h] 1o month 2o month 50 years 

Cs-137 5300 1,10E-05 1,05E-03 9,93E-04 1,33E-01 
Cs-134 5300 2,84E-05 2,82E-03 2,60E-03 5,43E-03 
I-131 32000 4,26E-05 1,59E-03 1,13E-04 1,71E-03 
I-132 3200 2,50E-05 1,18E-05 0,00E+00 1,18E-05 

Te-132 3200 2,57E-06 4,40E-04 7,23E-07 4,40E-04 
  TOTAL 1,09E-04 5,91E-03 3,70E-03 1,40E-01 

 
 
 

Table 5: Ibaraki City - External environment at 1 meter above the ground. 
 

 Radionuclide 
Fallout Dose Rate  Effective Dose [mSv] 
[Bq/m2] [mSv/h] 1o month 2o month 50 years 

Cs-137 12000 2,48E-05 8,35E-03 7,87E-03 1,05E+00 
Cs-134 12000 6,43E-05 2,23E-02 2,06E-02 4,30E-02 
I-131 85000 1,13E-04 1,48E-02 1,05E-03 1,59E-02 
I-132 12000 9,36E-05 1,55E-04 0,00E+00 1,55E-04 

Te-132 12000 9,65E-06 5,77E-03 9,49E-06 5,78E-03 
  TOTAL 3,05E-04 5,14E-02 2,95E-02 1,11E+00 
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Table 6: Ibaraki City - Home of brick or concrete one or two floors. 
 

 Radionuclide 
Fallout Dose Rate  Effective Dose [mSv] 
[Bq/m2] [mSv/h] 1o month 2o month 50 years 

Cs-137 12000 2,48E-05 2,39E-03 2,25E-03 3,00E-01 
Cs-134 12000 6,43E-05 6,38E-03 5,88E-03 1,23E-02 
I-131 85000 1,13E-04 4,22E-03 2,99E-04 4,54E-03 
I-132 12000 9,36E-05 4,44E-05 0,00E+00 4,44E-05 

Te-132 12000 9,65E-06 1,65E-03 2,71E-06 1,65E-03 
  TOTAL 3,05E-04 1,47E-02 8,43E-03 3,19E-01 

 
 
 

Considering the most critical exposure scenario, it would be an individual in an open 
environment, the estimated dose for the first month is 0.02 mSv. According to Brazilian 
regulations, and considering this route of exposure and the measurements available, so far, no 
action on the sheltering, evacuation or relocation was needed outside the areas where the 
Japanese had already established such protective actions. 
 
After a month of the beginning of the accident, it is possible to evaluate the effective dose 
that the population probably received during this month due to the deposition of radioactive 
material in the cities. The city received the highest daily deposition of radioactive material 
was Ibaraki, as can be seen in Fig. 3, 4, 5 and 6. The RAS code was used to calculate the 
effective dose in the city of Ibaraki that a person would receive if had been in the 
environment for 24 hours on 19 March to 11 April. Such exposure would result in an 
effective dose during the first month of approximately 0.06 mSv. 
 
As could be observed from the figures, one month after accident, the values of fallout had 
been decrease. Thus, it was recommended to people follow the Japanese recommendations 
about radiological security because they were in agreement to Brazilian legislation. 
 
 
3.3. Analysis of Dose Rate 
 
As can be seen in Fig. 7, Ibaraki had the highest rates of external dose. Dose rates were lower 
than the evacuation reference level in Brazilian standards (1 mSv/h). The dose received by a 
person who was 24 hours during a month in an open location in this city would be lower than 
the limit for relocation in the Brazilian standard. Thus the recommendation was minimizing 
staying outdoors, if possible, as a way to reduce exposure to radiation. It was not necessary to 
shelter, to evacuate or to relocate people from all the cities presented in Fig.7. This could be 
more damaging to that population considering the scenario made by earthquake followed by a 
tsunami wave. 
 
Fig. 7 does not present values of dose rate from Fukushima. The dose rate in this city was 
higher than standard limit. So, some areas were evacuated. 
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3.4. Analysis of Activity Concentration in Food 
 
Concentration values of I-131, Cs-137 and Cs-134 in food were presented [4]. The highest 
concentration of I-131 in milk samples collected in the city of Fukushima was 5.300 Bq/kg. 
Thus, IRD team would recommend not ingesting milk from regions where the activity was 
higher than the action level for milk established by Brazilian legislation                          
(CNEN-3.01-PR-006). Just as an exercise, it was simulated the intake of milk containing 
5.300 Bq/kg of I-131 for a fortnight for a child 0-2 years old. This intake would result in an 
effective dose of 14 mSv. 
 
Also were presented values of activity concentrations that were above permissible limits in 
other foods, especially vegetables. According to documents published, foods with activity 
concentration above the specified limit were removed from supermarkets. 
 
 

4. CONCLUSION 
 
 
The accompaniment and analysis of radiological data of Fukushima city allowed the IRD 
staffs provide guidance and technical support whenever it was requested by who was 
concerned. 
 
This work allowed testing the ability of the group work of the technical team and the 
technologies of communication and analysis available in the Institute for Radiation Protection 
and Dosimetry. 
 
The recommendations made by IRD were based in the analysis of measurements results and 
were not different from those done by Japanese Authorities. 
 
People visited the room of the special communications at IRD where team followed and 
analyzed radiological data from Fukushima. Some of them said they felt more confident to 
know that there was a team of specialist who was accompanying and analyzing the situation 
in Japan. They seemed to be worried and used to ask about the Fukushima situation. 
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