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ABSTRACT 
 
This work evaluates in a critical way the safety and radiological protection recommendations established  by 
the International Atomic Energy Agency – IAEA and adopted national and internationally, for the transport 
of uranium and thorium ores and concentrates, known according the transport regulations, as being of the 
Low Specific Activity Material  Type-I, LSA-I, basing on more realistic scenarios than the presently existent, 
aiming at the determination of maximum exposure levels of radiation as well as the maximal contents of 
those materials in packages and conveyance. A general overview taking into account the scenarios foreseen 
by the regulations of the AIEA pointed out for a need of a better justification of the requirements edited by 
the Agency or should be used to support a request of revision of those regulations, national and 
internationally adopted, in the pertinent aspects to the transport of uranium and thorium ores and 
concentrates.   
 
 

1. INTRODUCTION 
 
The development of the nuclear industry in the decade of 50 and the consequent movement 
of radioactive materials among countries appeared for the need of elaboration of norms 
and for the signature of an international agreement in way to ensure the safety of the 
transport, storage and handling of those materials.   
 
Globally, the International Atomic Energy Agency, IAEA assumed the leadership for the 
establishment of transport regulations, adopted by its Member States, in spite of the fact 
that the IAEA safety standards are not legally binding on Member States [1],. Even though, 
these regulations are the only one issued by the AIEA that is used as a reference all over 
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the World, Nevertheless, there can be differences with respect to the assignment of 
responsibilities for carrying out specific actions as for instance for sea shipments, the 
International Maritime Organization`s (IMO) International Maritime Dangerous Goods 
(IMDG) CODE should be consulted.  
 
The objective of the regulations of transport of radioactive materials is to establish 
radiation protection and safety requirements in order to provide an appropriate level of 
control of the eventual exposure of persons, property and environment to the ionizing 
radiation, in routine conditions (incident free), normal conditions (minor mishaps) and in 
case of accident of transport, taking into account:  
 

(i) specifications on radioactive materials presented for transport, including a 
graded approach to contents limits for packages and conveyances;  

(ii) selection of the type of package;  
(iii) specification of the design and operation requirements of packages and on the 

maintenance of packaging; 
(iv) specific dispositions to the transport; and, 
(v) Responsibilities and administrative controls. 

 
The above mentioned requirements are applicable by all modes of transport of radioactive 
materials on land, water or in the air, to the design, production, maintenance of packages; 
preparation, expedition, handling, shipment, storage in transit and reception in the final 
destination of packages and to the transport of empty packaging that have contained 
radioactive material.   
 
Thus, taking into account the type of radioactive materials that has to be transported, 
especially the activity content and physical and chemical properties, different types of 
packages can be used varying from the simplest to the most sophisticated, and, 
consequently more expensive, whose characteristics should consider the established 
requirements, starting from ionizing radiation exposure scenarios in either routine, normal 
or accident transport conditions. 
 
It can be inferred of the above, that the safety in the transport of a certain radioactive 
material is associated, mainly, to the appropriate selection of the package and, 
consequently, to the costs of its design and production, that can vary from a hundred to 
millions of dollars. So, it is very important that the scenario associated to the selection of 
package should be well based, in way that not only the cost should be minimized, as well 
as to ensure the safety in the transport of the radioactive material up to the final 
destination.  
 
However, AIEA, along the years, did not propose significant modifications in the exposure 
scenarios and, consequently, to the safety requirements established and internationally 
adopted, especially, in what concerns the transport of ores and ore concentrates containing 
or in association with uranium and  thorium, classified according to the Agency as being 
Low Specific Activity Material  Type I (LSA I).  It was then evidenced the need to verify 
in a more realistic way if the radiation protection requirements and safety issued by IAEA 
could be  scientifically better justified or if there is a need for revising the regulations.   
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This work presents the need to evaluate in a critical way the recommendations established 
by the IAEA, adopted in Brazil, through specific Norm [2], for the transport of  LSA-I 
materials considering more realistic scenarios than the existing presently for determination 
of maximum levels of exposure and allowable contents of radioactive materials in 
packaging and conveyance.   
 
Depending upon the results that could be obtained, taking into account the foreseen 
scenarios by the regulations of AIEA and adopted in Brazil, it can be justified or stated a 
request of revision of those national and international regulations, in the pertinent aspects 
related to the transport of ores and concentrates of uranium and thorium ores and 
concentrates  
The establishment of requirements of radiation protection and safety by the IAEA are 
based on fixed scenarios of exposure, known as the “Q” system [1, 3], that aims to 
establish, especially:  
 

(i) values of maximum exposure rates on the surface and at 1 meter of packages 
for transportation; and,  

(ii) limits the maximum activity (Bq) of radionuclide that can be contained in 
packages or conveyance. 

 
In the specific case of transport of ores and uranium and thorium ores and concentrates 
(LSA-I materials), IAEA stipulated exposure levels that do not consider the percentage of 
those elements in the radioactive materials, as well as it establishes that the total amount of 
LSA-I, in activity (Bq) of uranium and thorium in ores and concentrates the can be 
transported in packages and conveyors is unlimited.  
 
The development of more solid theoretical bases is than proposed in this work aiming to a 
safer estimate of the human exposure resultants from the transport of radioactive materials, 
in the present case of ores and concentrates of uranium and thorium. Additionally, it is 
worth mentioning that the importance of this work is not only for use in the national 
regulations, but to be included in the worldwide established requirements by AIEA issued 
for international adoption.   
 
A critical evaluation should consider the premise that the established scenarios established 
by the AIEA for the system Q did not suffer significant modifications along the years.  
 
With the approach established by Q the system, new considerations were included under 
exposure scenarios, although some of them had been maintained the same hypothesis of 
the previous system [3], in the situations involving radionuclide intake new data was used 
and recommended internationally. In this matter, considerations were included to the 
extension of the damage in the packing and to the liberation of the radioactive content. 
 
Through the system Q, composed of a group of internal and external exposure to the 
radiation scenarios, each of which might lead to radiation exposure to a person in the 
vicinity of a Type A package involved in a severe transport accident. Limit values for the 
content of packaging are obtained for each individual radionuclide activity (Bq) that can be 
transported in one packaging and conveyance. Those limits are used with several purposes 
in the regulations, as for instance to the classify packages. Initially the Q system proposed 
by AIEA should be revalued for different materials classified as LSA-I, first of all taking 
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into account the already proposed scenarios by the Agency and more realists values of Q 
calculated for those materials, aiming at the obtaining of the maximum allowable amount 
of the uranium and thorium natural series for packages and conveyors, but at time no more 
considering such amount as unlimited.  
A new more realist model should be proposed aiming to obtain the values of mentioned Q 
system, at this time being considered real data of shipments accomplished in Brazil; 
evaluated the risk of in terms of dose in case of routine transport for the involved 
populations direct or indirectly involved with the transport of the material.   
 
The following considerations presents what has been now adopted national and 
internationally in terms of transport of LSA-I materials, especially regarding the use of the 
Q system previously mentioned.   
 
The dosimetric basis of the A1 (special form material)/A2 (not in special form material) 
system relied upon a number of somewhat pragmatic assumptions. A whole body dose of 
30 mSv was used in the derivation of A1 although in calculating A1 values the exposure 
was limited to 3 R at a distance of 3 m in a period of 3 h. Also, an intake of 10-6 A2, 
leading to half the Annual Limit Intake for a radiation worker, was assumed in the 
derivation of A2 as a result of a ‘median’ accident. The median accident was defined 
arbitrarily as one which leads to complete loss of shielding and to a release of 10-3 of the 
package contents in such a manner that 10-3 of this released material was subsequently 
taken in by a bystander.  
 
The Q includes consideration of the earlier A1/A2 system, but the same assumptions as 
used in the original Q system within the 1985 edition of the Regulations. Many of the 
assumptions made are similar to those stated, or implied; in the 1973 edition of the 
Regulations, but in situations involving the intake of radioactive material use is made of 
new data and concepts recently recommended by the ICRP. In particular, pragmatic 
assumptions are made regarding the extent of package damage and release of contents 
without reference to a 'median' accident. 
 
 

2. BASIS OF THE Q SYSTEM 
 
Under the Q system a series of exposure routes are considered, each of which might lead to 
radiation exposure, either external or internal, to persons in the vicinity of a Type A 
package involved in a severe transport accident.  
 
The dosimetric routes are illustrated schematically in Fig. 1 and lead  to five contents limit 
values QA, QB, QC, QD and QE, for external dose due to photon, external dose due to beta 
emitters, internal dose via inhalation, skin and ingestion dose due to contamination 
transfer, and submersion dose due to gaseous isotopes, respectively. Contents limits for 
special form alpha and neutron emitters and tritium are considered separately. Type A 
package contents limits are determined for individual radionuclides, as in the 1985 Edition 
of the Regulations.  
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Figure 1. Schematic representation of exposure 
pathways employed in the Q system 

 
 
 
The A1 value for special form materials is the lower of the two values QA and QB, while the 
A2 value for non-special form radioactive materials is the lower value of the A1 and the 
remaining Q values.  
In terms of the BSS [4], the Q system lies within the domain of potential exposures. A 
potential exposure is one that is not expected to be delivered with certainty but may result 
from an accident at a source or owing to an event or sequence of events of a probabilistic 
nature, including equipment failures and operating errors. For potential exposures, the dose 
limits set forth in the BSS are not relevant. In the 1985 edition of the Regulations, the 
reference dose, used in the derivation of A1/A2 values, of 50 mSv for the effective dose or 
committed effective dose to a person exposed in the vicinity of a transport package 
following an accident was linked to the annual dose limit for radiation workers.  
 
As stated earlier, this link to the annual dose limit for workers is no longer valid for 
potential exposures. In the revised Q system the reference dose of 50 mSv has been 
retained on the grounds that, historically, actual accidents involving Type A packages have 
led to very low exposures. In choosing a reference dose, it is also important to take into 
exposures may, in general, be considered as once in a lifetime exposures. Clearly, most 
individuals will never be exposed. 
 
DOSIMETRIC MODELS FOR THE CALCULATION OF THE VALUES OF Q, using the 
hypothesis of the IAEA  
 
Calculation for QA -  external radiation dose due to X or γ rays.  
 
To determine the value of QA for a radionuclide was proposed by the IAEA an external 
radiation dose due to gamma rays or X in the whole body of a person exposed close to a 
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packing of type A damaged after an accident. Thus, it is assumed that the shielding of the 
packaged is totally lost and dose rate at 1 meter from the surface of the radioactive 
material, without shielding, was limited to 0.1 Sv.h-1. The calculation is then done, 
considering the package as a point source. 
 
Calculation for QB - external dose due to beta radiation emitters  
 
The value of QB is determined considering the amount beta dose in the skin of a person 
exposed after an accident involving a packed type A containing radioactive material in 
special form. Again, it is considered the total lost of the shielding of the package in the 
accident, but maintained the concept of a residual shielding factor for beta emitters, 
associated with materials, for example, residues of the package; this factor was included in 
the Regulations in the 1973 Edition. It was assumed a conservative factor of shielding 
equivalent to 3, for emitters of beta radiation of maximum energy equal to or greater than 2 
MeV. In the model used by the system Q, the value of the shielding of material was equal 
to 150mg.cm-2.  
 
These used values were derived from a standard equation of attenuation of beta radiation 
as a function of energy [5]. Additionally, the factors used differ from those originally used 
in the Q in which no consideration is made to represent the effects of self-shielding 
associated with the source of beta radiation.  
 
Calculation of QC - internal dose via inhalation  
 
The value of QC for a radionuclide transported in other forms is given, considering the dose 
by inhalation of a person exposed to activity released from a damaged package type A, 
after an accident. The dose limits established in the scenario of the Q system are ensured 
restricting the amount of activity, under conditions of the accident recommended by ICRP 
[6].  
According to the Q system [3], scenarios are considered, those that cover accidents in 
enclosed and open environments and the possible effects caused by fire. In Edition 1973 of 
the Regulations in has been assumed that the content of 10-3 could be spread away as a 
result of an accident. This material could be incorporated into an individual involved in the 
accident. This results in a factor of 10-6 of the contents of packaged and this value was 
considered in the Q system. Thus, the value of QC can be calculated taking into account the 
intake value above (maximum activity that can be inhaled by radionuclide, per year, which 
result in a committed effective equivalent dose for a worker to a maximum 50 mSv).  
The IAEA does not take into account the chemical form in which the material is 
transported, but the use of more restrictive values recommended by ICRP [6]. 
 
Calculation of  QD  - skin contamination and ingestion dose.  
 
In calculating this parameter, it is considered that 1% of the content of a package is 
scattered in an area equivalent to 1m2. It is estimated also that: (i) the level of 
contamination of the hands is 10% of the above, (ii) hands are not washed for a period of 
at least 5 hours, (iii) the thickness of the sensitive skin individual is of 7 mg/cm2 and (iv) 
any activity contained in 10 cm2 of skin is ingested within 24 hours. The value of the dose 
of external contamination of skin is generally more restrictive than the dose due to 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

ingestion [3]. The IAEA ignores source uniformly distributed in the soil, flat, infinite and 
the concentration of the radioactive material resulting of such dispersal.  
 
Calculation of QE, - submersion dose due to gaseous isotopes. 
 
In the case of immersion in the radioactive cloud, IAEA assumed to be the only scenario 
for gas isotopes, it is considered that 100% of the packaged content is released in a 
compartment (3x10x10) m3, subject to four air changes per hour [3]. Since the value of 
activity, QE, was calculated only for gaseous radionuclide should be offered an accidental 
release and thus the value QC, obtained from re-suspension the material actually deposited 
in the soil, and subsequent inhalation, is more conservative and therefore should be used as 
reference for the system Q, as it includes not only the gaseous materials, but all the air 
born radionuclide present may be incorporated.  
 
 

3. RESULTS 
 
 
Materials with ‘unlimited’ A1 or A2 values came from the fact that IAEA Regulations 
recognized a category of materials whose specific activities are so low that it is 
inconceivable that an intake could occur which would give rise to a significant radiation 
hazard, namely low specific activity (LSA) materials [3].. These were defined in terms of a 
model where it was assumed that it is most unlikely that a person would remain in a dusty 
atmosphere long enough to inhale more than 10 mg of material. Under these conditions, if 
the specific activity of the material is such that the mass intake is equivalent to the activity 
intake assumed to occur for a person involved in an accident with a Type A package, 
namely 10-6 A2, then this material should not present a greater hazard during transport than 
the quantities of radioactive material transported in Type A packages. This hypothetical 
model is retained within the Q system and leads to an LSA criterion limit of 10-4 x QC/g; 
thus the Q values for those radionuclide whose specific activity is below this level are 
listed as ‘unlimited’. In the cases where this criterion is satisfied the dose associated with 
an intake of 10 mg of the nuclide is less than the dose criterion of 50 mSv.  Taking into 
account the dosimetric model and proposed by IAEA it should be identified that some 
important consideration was not took into account, especially considering the assumptions 
for the dosimetric basis for LSA-I materials. 
 
• The values of the gamma energy Eγ do not consider lower values for the energy. This 

approach is not strictly valid for values of Eγ bellow 50 keV, since the exposure per unit 
of flow of energy increases rapidly, while the effective dose equivalent per unit of 
exposure decreases and  the energy of the gamma rays also decreases; 

• These used values were derived from a standard equation of attenuation of beta radiation 
as a function of energy [5]. Additionally, the factors used differ from those originally 
used in the Q [3] in which no consideration is made to represent the effects of self-
shielding associated with the source of beta radiation.  

•  The value of QC can be calculated taking into account the intake value above (maximum 
activity that can be inhaled by radionuclide, per year, which result in a committed 
effective equivalent dose for a worker to a maximum 50 mSv). The IAEA does not take 
into account the chemical form in which the material is transported, but the use of more 
restrictive values recommended by ICRP [6]. 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

• Calculation of QD values - contamination of skin and by ingestion dose. The IAEA 
ignores a source in the soil, flat and infinite uniformly distributed and the concentration 
of the radioactive material resulting of such dispersal.  

• Since the value of activity, QE, was calculated only for gaseous radionuclide, should be 
considered an accidental release and thus the value QC obtained from re-suspension the 
material actually deposited in the soil, and subsequent inhalation, is more conservative 
and therefore should be used as reference for the system Q, as it includes not only the 
gaseous materials, but all the air born radionuclide present that can be incorporated. 

Finally, aiming to verify the assertions made in this paper on the need to review the 
regulations of the IAEA, calculations were performed with the aim of investigating the 
existence of specific limits for packages containing LSA-I material. The first results were 
obtained just for the scenario on the QB, using the same IAEA [3] considerations with 
respect to: (a) the dose of beta radiation on the skin of a person exposed after an accident 
involving a packed type A (b) the total loss of the shielding of the package, with the 
concept of a residual shielding factor for beta emitters, (c) the rate of beta radiation 
equivalent dose of the skin, to 1 m from the damaged packaged, limited  to 1 Sv.h-1, which 
is approximately equal to a rate of absorbed dose of beta radiation in air, 1 Gy.h-1 (d) the 
flat and infinite geometry of the source. Fig. 2 and Fig.3 represent the dose rates from beta 
radiation in function of the quantities in ppm of uranium and thorium decay radionuclide, 
respectively.  
 
 
 

 
 

Figure 2. Dose rates from beta radiation in function of the  
quantities in ppm of uranium and decay radionuclide. 
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Figure 3. Dose rates from beta radiation in function of the 
quantities in ppm of thorium and decay radionuclide. 

 
 
 
As shown in Fig. 2 and Fig.3 even if the IAEA [1] had considered the contents in activity 
for LSA-I materials as unlimited, it is possible to determine the values of QB. Therefore, if 
QB is the most restrictive with respect to other proposed scenarios for the system Q, ores 
and concentrates of uranium and thorium should be carried in packaged more resistant 
(type A or higher), or the amount of this radionuclide in the package should be limited to 
the ores with concentrations greater than or equal to 1,000 ppm in uranium and greater 
than or equal to 10,000 ppm of thorium. The results shown in the Fig. 4 illustrate the 
influence of the percentage of both uranium (ppm) and thorium present (ppm) in 
determining the QB, in function of dose rate of beta radiation on the skin at 1m, as the 
scenario suggested by the IAEA.  
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Figure 4. - Rates of dose of beta radiation on the  
skin, 1m from the source. 
 

 
 
From the Fig. 4, the limits for QB would be achieved, for example, for ores and 
concentrates containing about 3000 ppm of uranium, and for any value in ppm of thorium.  
 

 
3. CONCLUSIONS  

 
It is important to stand out that in Brazil is in force the Norm CNEN-NE-5.01, dated of 
July of 1988 [2]. That Regulation was based on IAEA Safety Series no. 6, Edition of 1985, 
which should be revised soon. Nevertheless, new considerations pointed out in this paper 
should be carefully considered aiming to recommend some necessary changes in the 
requirements established by AIEA, and used as a reference internationally. As above 
presented it was demonstrated that a necessary review of what has been recommended by 
the IAEA should be proposed and also that all the Q system proposed dosimetric models 
and assumptions should be revised. 
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