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ABSTRACT 

 
This work aims to develop a methodology for the assessment of clearance limits for the release of liquid waste 
arising from medical installations using radionuclides for medical diagnostic purposes in the town of Rio de 
Janeiro. The results will be used to assess the need to justify or to revise the current clearance values as 
specified in regulation CNEN-NE-6.05 - Radioactive Waste Management in Radioactive Facilities. The 
proposed methodology is based on the mathematical model recommended by the International Atomic Energy 
Agency, adapted to the observed release conditions in the study area. In order to turn the assessment as realistic 
as possible, two scenarios are simulated. The first scenario simulates the release to the sewage system with 
access to a sewer treatment stations. The second scenario simulates the releases without passing a treatment 
station, with direct outflow to surface water. Probabilistic assessments were performed using the Crystal Ball 
software. Distributions were than compared to current IAEA clearance criteria that include specific values for 
average and low probability scenarios. The results will be used to derive adequate clearance levels for 
radionuclides used in nuclear diagnostic medicine in Brazil according to the specific relevant release scenario.  
 
 

1. INTRODUCTION 

 
The progressive growth of the use of radionuclide in nuclear medicine has lead to an increase 
on the concerns about radioactive discharge from medical installations to urban sewage 
systems. In Brazil the management of radioactive wastes is regulated by the Technical 
Regulation CNEN-NE 6.05 [1]. This regulation has been developed based on the US 10 CRF 
20 - Code of Federal Regulations [2]. Currently, due to the continuing revisions of the 
International Atomic Energy Agency Standards and Recommendations [3, 4, 5], it has been 
decided to review and revise the Brazilian Standards on waste management.  
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The objective of this work was to support of this revision by verifying the need for updating 
clearance values for discarding radionuclides to urban sewage systems originated from 
institutions of diagnostic nuclear medicine.  
 
Regulation CNEN NE-6.05 [1] defines that, except for 3H and 14C, the total amount of a 
radionuclide discharged to sewage systems can not exceed 3.7E10 Bq per year .The 
regulation also specifies exempted daily and monthly amounts to be released for specific 
radionuclides. Current international regulations establish annual releases based on exemption 
and clearance criteria that, being based on doses, are nuclide specific and include a more 
comprehensive list of radionuclides.  
 
The Brazilian Regulatory Position NN 3.01/001 – Exclusion, Exemption and Clearance 
Criteria [6 ], as part of the Technical Regulation CNEN NN 3.01 – Radiological Protection 
Basic Standards already states, according to the IAEA Standards [3 ], that “...A practice or a 
source within a practice may be exempted without further consideration provided that the 
following criteria are met in all feasible situations: 
(a) the effective dose expected to be incurred by any member of the public due to the 

exempted practice or source is of the order of 10 µSv or less in a year, ...”.  
 
More recently, the IAEA criteria for establishing exemption and clearance levels states that 
[7]: “The resulting activity concentration values were derived on the basis of these scenarios 
as the lower of the values obtained from: 
(a) The use of realistic parameter values applying an effective dose criterion of 10 mSv y-1; 
(b) The use of low probability parameter values applying an effective dose criterion of 

1 mSv y-1 and a skin equivalent dose limit of 50 mSv y-1.”  
 
These criteria have been used in this work to verify the adequacy of current Brazilian 
Standards on radioactive waste management. 
 
 

2. METHODOLOGY 

 
 
2.1. Preliminary Survey 

 
The town of Rio de Janeiro was used as a base for this study. Rio de Janeiro is the second 
largest town in Brazil and its different regions include different types and sizes of both 
medical installations and sewage systems. A survey was performed to define the type and 
amounts of radionuclides used in Rio de Janeiro town. Based on the results of this survey, it 
was decided to consider the following radionuclides as the most relevant currently in use:   
 

99mTc, 131I, 123I, 125I, 201Tl, 67Ga, 51Cr, 153Sm and 111In  
 
A survey was also performed to raise information on sewage treatment stations capacity and 
destiny of treated solid and liquid wastes [8]. A third survey was directed to gather 
information on surface waters receiving wastes from sewage systems [9]. 
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2.2. Exposure Scenarios 

 
According to IAEA [10], in cases that radionuclides are discharged along with other wastes 
into the sewerage system, in order to estimate the subsequent radiation doses, two extreme 
possible scenarios may be postulated: 
 
(a) Assume that no radioactive material is retained in the sewage sludge, but that it is all 
discharged to the water body in liquid form; 
 
(b) Assume that all of the radioactive material discharged is retained in the sewage sludge at 
the sewage treatment plant. 
 
It is recommended that both situations be considered and the scenario giving the higher 
estimated dose be used for screening purposes. This work considers the simulation of these 
two basic scenarios. While the first scenario has its focus on the exposure of members of the 
public using the water of the surface water body receiving the output of the sewage system, 
the second refers to occupational exposure at the sewage treatment plant.  
 
For the first scenario, here called “Environmental Scenario”, critical group exposure 
pathways to be considered are the ingestion of water, ingestion of fish and external exposure 
to the sediment at the river banks. For the second scenario, called “Occupational Scenario”, 
exposure pathways are inhalation of resuspended material from sediments and external 
exposure to the sewage sludge inside the treatment plant. 
 
2.3. Mathematical model 

 
Mathematical models recommended by the IAEA [10, 11] are already in current use in Brazil 
[12] and have been used in this work. In a first stage, a deterministic assessment has been 
performed [13]. However, in order to verify compliance with clearance criteria, the value of 
10 µSv y-1 is to be compared to the average values of the resultant distribution of dose for an 
uncertainty based assessment, and the value of 1 mSv y-1 must be compared to the value in 
the distribution associated to a low probability scenario. It has then been decided to perform a 
probabilistic dose assessment using MS EXCEL software, together with CRYSTAL BALL 
software [14]. The value of 10 µSv y-1 was then compared to the mean value of the resulting 
distribution and the 1 mSv y-1 value, to be used as clearance criterion in conservative 
scenarios, was compared to maximum value obtained in the probabilistic simulation. 
 

2.4. Parameter values 

 
Parameters have been divided in 2 categories: nuclide dependent parameters and scenario 
related parameters. Under both categories some parameters are considered constant for all 
simulations while others are considered to have a probabilistic distribution.  
 
2.4.1 Nuclide dependent parameters 

  
Dose coefficients and decay constants were used as constants in the probabilistic simulation. 
Values used are those recommended by CNEN [6]. The KD values were obtained from IAEA 
[10], except in the case of radionuclides 111In e 201Tl, obtained in a document from NCRP 
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[15]. For Bp, the values were also those recommended by IAEA [10], except for Sm, for 
which it was also adopted the value published by NCRP [15]. Log-normal distributions have 
been assumed for both parameters, Bp and KD, with geometric deviation equal to 2.0 [16]. 
Values used as input data to the model are described in Table 1.  
 
 
 

Table 1. Variable nuclide dependent parameters  

(arithmetical mean and standard deviation) 

 

 Parameter Bp (m
3
kg

-1
) KD (m

3 
kg

-1
)  

  Mean Sd Mean Sd 
51Cr  0.28 0.18 13.1 8.85 
67Ga  0.52 0.43 1.26 0.99 
123I  0.06 0.04 0.01 0.01 
125I  0.06 0.04 0.01 0.01 
131I  0.06 0.04 0.01 0.01 
111In  13.1 8.85 470 367 
153Sm  0.03 0.03 322 284 
99mTc  0.03 0.03 0.01 0.01 
201Tl  1.3 0.84 26.7 24.3 

 
 
 
2.4.2. Scenario related parameters 

 
Nuclide independent parameters are related to the scenario. For the annual release, it was 
adopted the limit recommended by the current Technical Regulation CNEN 6.05 [1], to 
evaluate if this value is adequate for the studied scenarios. Model parameters considered as 
constants in the simulation are described in Table 2.  
 
 
 

Table 2. – Values for the environmental scenario parameters  

considered as constants at the probabilistic simulation 

 

Parameter Description Value unit 

Annual release rate 1.17E+3 Bq s-1 
Distance from exposure to release in river 500 m 
Accumulation time for river sediment 1 y 
Exposure geometry factor for river banks 0.2 --- 
Inhalation rate for adult worker  8.4E+3 m3 y-1 
Fraction of time at work  2.28E-1 --- 
Ratio from wet to dry weight of sewage sludge 5.00E-2 --- 
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For the environmental Scenario, the selection of parameters values and their distributions 
were based on the characteristics of the rivers of Rio de Janeiro State and of the sewage 
treatment stations in surroundings Guanabara Bay [9] and are presented on Table 3.  
 
 
 

Table 3. Input data for the distribution of scenario related parameters 

 

Parameter Unity  Dist. Mean Sd Min Max 

River Parameters 
river flow rate m3 s-1 LN 50 12 1 500 
river width m T 50   5 500 
river depth  m T 5   1 15 
suspended sediments concentration  kg m-3 LN 0.06 0.04     

Sewage Treatment Stations Parameters  
annual production of  sewage sludge  kg y-1  T 1.5E+6   2.0E+5 2.0E+6 
sludge production per person per 
year  kg  U     15 30 
dust loading by sludge resuspension  kg m-3 LN 1.2E-7 1.1E-7     
percent of solid in the sewage sludge % LN 0.05 0.04     
 
 
 
The population habits for the public exposure scenario include the water ingestion, fish 
ingestion and external exposure to contaminated sediment. Ingestion rates and fraction of 
time exposed to sediments have been considered as uniform distributions with the properties 
described in Table 4. For occupational exposure, a constant exposure period of 8 h per day 
has been considered.  
 
 
 

Table  4 – Population Habits data 

 
Parameter  Unity Minimum  Maximum  

Water Ingestion Tax  L y-1 365 730 
Fish Ingestion Tax kg y-1 7 36.5 
Fraction of the year exposed to sediments - 0.11 0.23 
 

 
 

3. RESULTS 

 
 
3.1. Results for the Environmental Scenario  

 
The statistical summary of the results of the probabilistic assessment is presented in the Table 
5. It can be observed that the deterministic calculation was very conservative. The 
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deterministic value is about twice larger than arithmetical mean and about 3 to 4 times higher 
than geometrical mean obtained at the probabilistic assessment. The geometrical mean would 
be the most significant value to be compared to the clearance limit, as this is the most 
representative statistical parameter log-normal distributions, as observed for dose results. 
 
From the radionuclides included in this study, only 125I and 131I would be out of the 
acceptable range related to clearance criteria established by IAEA [7].  Considering each 
radionuclide individually, the main parameter affecting the resulting distribution would be the 
river flow rate, responsible for about of 89 % of the observed variability in the dose results. 
Considering the average values for all nuclides, strong correlation was found between 
ingestion dose coefficients and the resulting dose 
 
This result allows us to consider that, in order to achieve the adequate level of public 
radiological protection, release criteria should be established based on both the radionuclide 
and the characteristics of the environment receiving the discharges, considering its capacity 
of diluting the effluents. 
 
 

 

Table 5. Results for probabilistic simulations (µµµµSv y
-1
) 

 

Dose (µµµµSv y
-1

) 51
Cr 

67
Ga 

123
I 

125
I 

131
I 

111
In 

153
Sm 

99m
Tc 

201
Tl 

environmental scenario 
deterministic* 0.33 2.47 2.7 193 282 0.58 0.73 0.28 0.64 
mean 0.16 1.16 1.38 99 143 0.39 0.05 0.14 0.31 
median 0.09 0.67 0.8 57 83.4 0.2 0.03 0.08 0.18 
maximum 3.1 16.5 23.6 1750 2390 11.2 0.11 2.3 5.16 

occupational scenario 
deterministic* 1.51 0.87 3.89 4.61 5.36 43.7 0.21 1.31 0.47 
mean 2.41 1.38 6.18 7.33 7.33 69.4 0.33 2.07 0.75 
median 1.76 1.01 4.51 5.36 5.36 50.7 0.24 1.51 0.55 
maximum 23.8 13.6 61.2 72.6 72.6 687 3.23 20.5 7.44 

* deterministic assessment results were taken from Shu et al. [2008] 
** values in bold are those that are larger than the clearance criteria (10 µSv y-1 for 
comparison with median values and 1000 µSv y-1 for comparison to maximum values of each 
simulation). 
 
 
 
3.2. Results for the occupational scenario  

 
The statistical summary of the results of the probabilistic assessment is also presented in the 
Table 5. Only 111In has an estimated average value exceeding 10 µSv y-1 and no radionuclide 
presented results higher than 1 mSv y-1, even for the most extremes scenarios. It can be 
concluded that the current release criteria in use in Brazil is underestimated for all 
radionuclides, except 111In. 
 
The characteristics of the sludge and, therefore, the radionuclides dilution in the sludge is the 
main factor of uncertainty, contributing with about 70% of the observed variability in the 
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dose results for all individual radionuclide, followed by the capacity of the sewage treatment 
plant, that contributes with about 23 % of the variability of the observed doses. As correlation 
was negative, it can be concluded that the higher the capacity of the sewage treatment station 
and the quantity of generated sludge per capta, smaller will be the resultant dose. Both 
parameters directly contribute to the dilution of the radioactive material in the sludge.  
 
As in the case of the environmental scenario, this result also leads to the conclusion that 
release criteria are to be established based on both the radionuclide and the characteristics of 
the environment receiving the discharges, considering its capacity to dilute the radioactive 
material in the effluents. Considering average values, for the occupational scenario, strong 
correlation was found between nuclide half-life and dose.  
 
In order to don’t excessively limit the radionuclide release to the environment, it must be 
considered the actual release scenario and possible exposure pathways. For example, for 
radionuclides for which most relevant scenario corresponds to direct release to river, it must 
be considered that the main radionuclides users in the medical area are located in urban areas, 
and it should be considered if rivers existing in such areas are to be considered as permanent 
sources of water and fish to population groups.  
 

 

4. CONCLUSIONS 

 
Considering the criteria established by IAEA in the establishing of the clearance levels 
(“clearance”), it can be concluded that:  
 
(i) The current value adopted is not adequate for the radionuclides 125I and 131I, according 
to the environmental scenario, and for 111In, according to the occupational scenario. For the 
all other studied radionuclides, the value is underestimated.  
 
(ii) The use of generic values for specific situations, although operationally more simple, 
can lead to the dimensioning of the radiological protection control level that may not be 
compatible with the risk level observed for the practice. 
 
In this context, it is suggested that, for the group of radionuclides included in this study: 
 
(i) less restrictive release values can be applied to a set of radionuclide which are associated 
to small environmental impact; and, 
 
(ii) more restrictive values should be conditioned to the assessment of the specific release 
scenarios, considering the dilution characteristic of the receiving environment. 
 
Others radionuclides that enter into use in nuclear medicine must be submitted to a 
preliminary evaluation to verify if the release scenario requires specific considerations.  
 
It is not recommended to use pre-defined release criteria for each radionuclide, without 
considering the specific release scenario and exposure , once the selected values are always 
the most restrictive, and this would lead to a unnecessary control level facing the actual dose 
values involved. 
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The analysis has also to be extended for the actual situation of installations, usually dealing 
with several radionuclides. 
 
Also, due to the lack of literature data for some environmental transfer parameters, 
particularly for short lived radionuclides, such as, KD and Bp, it would be relevant to perform 
experimental studies related to the environmental behavior of these radionuclides, in tropical 
climate areas.  
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