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ABSTRACT

The critical group of Centro Experimental Aramar (CEA) site was previously defined based on the effluents 
releases to the environment resulting from the facilities already operational at CEA. In this work, effective 
doses are calculated to members of the critical group considering the predicted potencial uranium releases from 
the Uranium Hexafluoride Production Plant (USEXA). Basically, this work studies the behavior of the resulting 
doses related to the type of habit data used in the analysis and two distinct situations are considered: (i) the 
utilization of average values obtained from official institutions (IBGE, IEA-SP, CNEN, IAEA) and from the 
literature; and (ii) the utilization of the 95th percentile of the values derived from distributions fit to the obtained 
habit data. The first option corresponds to the way that data was used for the definition of the critical group of 
CEA done in former assessments, while the second one corresponds to the use of data in deterministic 
assessments, as recommended by ICRP to estimate doses to the so-called “representative person”.

1. INTRODUCTION

Currently, a study is being conducted to assess the implementation of the methodology of 
“representative person” for the assessment of radiological environmental impact in Brazil, 
considering the Uranium Hexafluoride Production Plant (USEXA), located at CEA (Centro 
Experimental Aramar). The main objectives are:

- perform the radiological environmental impact assessment using the two recommended 
methodologies (deterministic and probabilistic) for the "representative person", as described 
in ICRP Publication N.101 [1];

- make a comparison of the results of these calculations with those currently used for the 
plant, based on the “critical group” methodology; and
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- make a critical analysis on the need and the availability of data for the application of these 
methodologies.

In this work, as part of this study, effective doses are calculated to the previously defined 
members of the critical group of CEA, considering the predicted potential uranium releases 
from USEXA. Basically, the behavior of the resulting doses related to the so-called “habit 
data” are studied.

In general, ICRP [1] refers to diet (e.g. food consumption rate), residence (e.g. type of 
dwelling), physiological parameters (e.g. breathing rate), use of local resources (e.g. 
agricultural resources), recreational activities (e.g. swimming, sunbathing), occupancy factors 
and other information needed to estimate exposure and annual dose as “habit data”.

To study the behavior of the resulting doses related to the type of habit data, two distincts 
approaches was adopted: (i) the analysis was made in the same way as it has been used in 
former assessments for the definition of the critical group of CEA, i.e., the utilization of 
average values obtained from official institutions (IBGE, IEA-SP, IAEA); and, (ii) the 
analysis is done using the data as required to perform deterministic assessment, as 
recommended by ICRP [1], i.e., using the 95th percentile the distributions derived from the fit 
of the obtained habits data values.

Since the 1970s, the radiological environmental impact assessment from routine releases has 
been based on the critical group methodology [2, 3]. Historically, for this type of evaluation, 
the IAEA [4, 5] recommends the use of simple multiplicative models, considering that the 
changes do not enough to change an environmental equilibrium situation.

In general, a radiological environmental impact assessment has the following steps:

1) Characterization of the source, including the identification of the radioactive source term;

2) Simulation of the dispersion processes of the effluent in the receiving environment;

3) Establishment of customs and habits of the local population;

4) Assessment of environmental transfers and levels of concentration of radionuclides 
expected in each compartment relevant to human exposure; and

5) Dose calculation and the consequent definition of the critical group and the operational 
parameters of the facility that will allow the control of public exposure, including the 
establishment of environmental monitoring program.

The ICRP [1], proposes an amendment to the establishment of the population group that 
should be used for environmental impact assessment purposes, specifically to protect the 
public from facilities that manipulate nuclear or radioactive materials or radiation sources. 
For these purposes, it is necessary to characterize the individual receiving a dose 
representative of the members of the population who are subject to the higher exposures, 
defined as “representative person”.

IRPA 2013, Rio de Janeiro, RJ, Brazil.



The term "representative person" is equivalent and replaces the “average member of the 
critical group” defined in previous publications of the ICRP.

In the ICRP reference [1], it is also proposed that the estimated dose to members of the public 
can be made using deterministic or probabilistic methods.

In Brazil, the revision of CNEN-NN-3.01 [6], completed in 2005, maintained the definition 
of critical group originally established by ICRP in its Publication 43 [3]. With the new 
revision of the IAEA BSS in progress, it has adopted the new recommendations of the ICRP 
and, therefore, it is necessary to evaluate the impacts of this new methodology for facilities 
that have already established their principles of operation.

In the case of CEA, the radiological environmental impact assessments due to releases of 
radioactive material to the environment, resulting from the normal operation of its facilities, 
consider the estimated doses to the members of the critical group of CEA, which was firstly 
established in 1997.

As described in the reference [7], the critical group defined to CEA is hypothetical and is 
formed by members of the public who reside or may reside at a distance of 700 m from the 
release point, at the N (north) sector. A region of interest around the CEA site has been 
considered, which comprises the 10 km radius area centered in the meteorological tower (see 
Figure 1).

In the selection of parameters used in the models, priority has been given to those related to 
the characteristics of the area. In their absence, regional or national data will be used, 
collected from the official organs and from literature.

Whenever it was possible, distributions were fitted to the available habit data, to allow the 
use of the average and the 95th percentile values.

2. DOSE CALCULATION METHODOLOGY

As described in the reference [8], to assess the critical group of CEA annual effective doses, 
resulting from releases of radionuclides to the environment, the methods recommended by 
the IAEA [2, 5, 8, 9, 10] were used. Basically, the methodology comprises a mathematical 
model that describes the environmental transfer processes, known as compartments model. 
This model relates the amount of released radionuclide and effective dose received by 
individuals by using environmental transfer parameters.

2.1. Exposure Pathways

2.1.1. Exposure pathways for releases to the atmosphere

The following exposure pathways were selected related to the atmospheric effluent releases:
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Figure 1. Overview of the region of interest around CEA
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- Inhalation: atmospheric diffusion-inhalation.
- Ingestion of Milk, Vegetables, Meat, Pigs, Chickens and Eggs: atmospheric diffusion -

deposition of radionuclides on vegetation and soil, contamination of plants via root uptake 
from radionuclides deposited on soil, incorporation of radionuclides (via inhalation and 
ingestion of plants) by animals -  ingestion of food.

- Deposition on Soil: atmospheric diffusion - deposition of radionuclides on soil - external
irradiation.

- Plume Immersion: atmospheric diffusion -  plume immersion.

2.1.2. Exposure pathways for releases to the aquatic environment

The following exposure pathways were selected related to the liquid effluent releases:

- Water Immersion: dilution - immersion in contaminated water.
- Ingestion of Milk, Vegetables, Meat, Pigs, Chickens and Eggs: dilution - ingestion of

vegetables contaminated by irrigation; ingestion of meat, milk and eggs via ingestion of 
contaminated water and irrigated food by animals - ingestion of contaminated food.

- Fish Ingestion: Dilution -  ingestion of contaminated fish.
- Exposure to Sediment: dilution - exposure to contaminated sediments on the shoreline of

Ipanema river.

2.2. Assumptions and Considerations

Basically, in addition to the assumptions considered in the references [7, 11], it can be 
quoted:

a) for the effective doses estimative, it was considered just the predicted potencial uranium 
releases to the environment; the contribution of uranium short lived daughters, such as
234Th and 234mPa, was not taken into account;

b) uranium contained in the effluents predicted to be released by USEXA is originated, in 
most cases, from the insoluble compounds of uranium, assigned to type S (slow 
absorption) [12] (corresponding to inhalation class Y in the ICRP Publication 30 [13]), 
which was adopted for the calculations; and

c) effective doses were calculated only for adults (more than 17 years old).

IRCP [1] considers that using the 95th percentile in deterministic calculations is a cautious 
assumption for defining an intake rate in the absence of site-specific data. The Commission 
also recommends that “if more than one intake route for radionuclides provides a significant 
contribution to dose, it may not to be reasonable to assume that the 95th percentile habit data 
are applicable to all routes; the more dominant route should be assigned a 95th percentile 
intake, and a lower value should be assigned to other ways,...”.

In addition, as mentioned in the reference [14], “UK Ministry of Agriculture, Fisheries and 
Food suggested that there was evidence from national and regional habit surveys that people 
rarely consumed more than two foods at high rates”.

So, in this study, the two dominant intake routes assigned are: the ingestion of non-leafy 
vegetables (e.g. bean and tomato) and the inhalation of contaminated air. Therefore, related to 
the intake routes, in the deterministic assessment it was considered the 95th percentile values
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only to the consumption rate of non-leafy vegetables and to the breathing rate. For the other 
intake routes the average values were used.

Table 1 presents the habit data values considered in the analysis. Related to the food 
consumption rates, it was considered just those food itens produced at the region of interest 
around the CEA site (10 km radius area) and, due to the absence of local specific data, 
ingestion rates used were obtained from IBGE for the state of São Paulo.

Table 1. Habit data values

Parameter Average 95th percentile
Fraction time outdoors exposed to 
the ground deposit (-)

0.13 0.22

Shielding factor (-) 0.27 0.32
Breathing rate (m3/year) 5.95E+03 8.98E+03
Occupancy factor in the air (-)(1) 1.00 1.00
Fraction of the consumed food (-) (1) 1.00 1.00
Water occupancy factor (-) 1.00E-03 4.10E-03
Food consumption rate

Vegetables (kg/year)
Leafy 3.10 7.59

Non-leafy 39.79 97.57
Roots 3.04 7.45
Fruits 23.15 56.76

Milk (L/year) 43.35 106.31
Animal produce (kg/year)

Meat 13. 04 31.99
Pork 1.96 4.81

Poultry 4.62 11.34
Eggs 2.85 7.00
Fish 0.263 0.64

Shoreline occupancy factor (-) 2.28E-02 9.25E-02
Fraction of the consumed fish (-) (1) 1.00 1.00

(1) constant values

3. PREDICTED RELEASES TO THE ENVIRONMENT

The annual quantities of U predicted to be released into the environment, via liquid and 
gaseous discharges, generated during the normal operation of USEXA, are presented in Table
2. The predicted values take into account the proposed design and operation characteristics of 
USEXA, since this plant is not operating yet; it will use purified and non-enriched uranium.
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Table 2. Predicted uranium annual activity release

Type of Discharge
Annual Release 

(Bq)

Gaseous(1) 2.03E+07(3)

Li q s d( 2) 5.67E+05

(1) release to the environment, via atmosphere
(2) release to the environment, via Ipanema river
(3 ) 2.03E+07 = 2.03x107

4. RESULTING DOSES

Table 3 presents the resulting annual effective doses by using the average values of the habit 
data, that corresponds to the way that data was used for the definition of the critical group of 
CEA, as done in former assessments.

Table 4 presents the resulting annual effective doses by using the 95th percentile values of the 
habit data, that corresponds to the use of data in deterministic assessments, as recommended 
by ICRP [1]. As mentioned before, related to the intake routes, the 95th percentile values was 
considered only to the consumption rate of non-leafy vegetables and to the breathing rate. For 
the other intake routes, the average values were used.

The values presented in Table 5 corresponds to the (conservative) situation, where the 95th 
percentile values for all intake routes were considered, just for comparative purposes.

All the doses were estimated to members of the critical group of CEA, i.e., to individuals 
located at the place where the higher doses are expected.

5. CONCLUSIONS

The use of 95th percentile values of the habit data proced led to more conservative results 
with respect to those obtained using the average values, which indicates that the deterministic 
analysis suggested by ICRP [1] yields results with a greater emphasis on safety. In both 
situations (see Tables 3 and 4), the (total) annual effective doses are lower than 0.3 mSv. 
CNEN [6] recommends the adoption of this value as the maximum dose constraint to 
members of critical group, related to effluents release and requires an optimization process to 
set reference release levels.

The doses are also lower than 10 p,Sv (10-5 Sv), “in any period of one year”, wich, according 
to CNEN [15], represents one of the conditions for the exemption from requirements of 
radiation protection for a given practice or source associated with this practice. Although a 
nuclear installation is not released from such controls, the use of this value as a reference 
level for the discharges of effluents turns the use of optimization procedures unnecessary for 
all CEA effluent releases.
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Table 3. Resulting annual effective doses by using the average values of the habit data

Exposure Pathway Effective Dose (Sv)
Inhalation 6.39E-07
External Irradiation from Plume 8.51E-13
External Irradiation from Ground Deposition 4.72E-07
Ingestion of Vegetables 9.83E-07
Ingestion of Milk 1.92E-07
Ingestion of Animal Produce 5.97E-08

Gaseous Total 2.35E-06
External Irradiation from Immersion on Contaminated
Water 2.76E-16
Ingestion of Vegetables 1.54E-10
Ingestion of Milk 2.75E-13
Ingestion of Animal Produce 4.25E-12
External Irradiation from Contaminated Shoreline Sediment 3.69E-14
Ingestion of Fish 1.89E-14

Liquid Total 1.58E-10

TOTAL 2.35E-06

Table 4. Resulting annual efTective doses by using the 95th percentile values of the habit 
data (intake routes considered - ingestion of non-leafy vegetables and the inhalation of

contaminated air)

Exposure Pathway Effective Dose (Sv)
Inhalation 9.65E-07
External Irradiation from Plume 1.10E-12
External Irradiation from Ground Deposition 6.07E-07
Ingestion of Vegetables 2.03E-06
Ingestion of Milk 1.92E-07
Ingestion of Animal Produce 5.97E-08

Gaseous Total 3.85E-06
External Irradiation from Immersion on Contaminated
Water 1.13E-15
Ingestion of Vegetables 3.31E-10
Ingestion of Milk 2.75E-13
Ingestion of Animal Produce 4.25E-12
External Irradiation from Contaminated Shoreline
Sediment 1.50E-13
Ingestion of Fish 1.89E-14

Liquid Total 3.36E-10

TOTAL 3.85E-06
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Table 5. Resulting annual effective doses by using the 95th percentile values of the habit
data (all intake routes considered)

Exposure Pathway Effective Dose (Sv)
Inhalation 9.65E-07
External Irradiation from Plume 1.10E-12
External Irradiation from Ground Deposition 6.07E-07
Ingestion of Vegetables 2.41E-06
Ingestion of Milk 4.70E-07
Ingestion of Animal Produce 1.46E-07

Gaseous Total 4.60E-06
External Irradiation from Immersion on Contaminated
Water 1.13E-15
Ingestion of Vegetables 3.77E-10
Ingestion of Milk 6.74E-13
Ingestion of Animal Produce 1.04E-11
External Irradiation from Contaminated Shoreline
Sediment 1.50E-13
Ingestion of Fish 6.02E-14

Liquid Total 3.89E-10

TOTAL 4.60E-06

The utilization of 95th percentile values of the habit data only to the two main intake routes, 
namely, the ingestion of non-leafy vegetables and the inhalation of contaminated air, 
represents a more realistic situation, avoiding, so, an excessive conservatism in the analysis. 
Even so, an increase of about 64% in predicted doses for critical groups were verified. It is 
important then to perform a probabilistic assessment to verify if this methodology does not 
include excessive conservatism on the assessments and consequent need for operational 
controls. This may be overlooked for USEXA due to small doses predicted but may be 
relevant for other types of facilities. By comparing the results from Table 4 to Table 5, it can 
be observed that the utilization of the 95* percentile values to all intake routes would 
produce, in this case, an increase of, aproximately, 19% for both the total effective dose and 
the dose due to the ingestion of vegetables.

It is suggested, for future work, to perform a probabilistic assessment, in accordance to ICRP 
[1] proposal. In addition, it must be considered the contribution of uranium short lived 
daughters, such as 234Th and 234mPa, and the doses to three age categories: 1 year old (infant), 
10 year old (child) and adult (> 17 years).
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