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ABSTRACT 

 
Several proposals based on the environmental radioprotection of calculating the absorbed dose in biota have 

been suggested. The absorbed dose expresses the deposition of energy per mass unit. The differences in 

biological effects of the absorbed dose can be quantified by applying a correction factor to the absorbed dose. 

The correction factor for radiation is easier to establish, because radiations exist in smaller number (alpha, beta, 

neutrons and photons) and can be set for groups of organisms. This work aims to propose a correction factor for 

radiation, in order to adequate the concept of absorbed dose currently used to the concept of equivalent dose. A 

survey of the literature on correction factors proposed for alpha radiation was carried out and, when possible, the 

biological endpoint was identified, as well as the radionuclide and the biological target. A variation of the 

weight factor for alpha radiation from 1 to 377 was observed and a number of biological endpoints, biological 

target and alpha emitter radionuclide were identified. Finally we propose a weight value for alpha radiation of 

40, and we propose also the name of correction factor for radiation alpha as beeing ecological radiation 

weighting factor (WRE) the name „equivalent dose for flora and fauna‟ (HTFF) to name of the new dose.  

 

 

1. INTRODUCTION 

 

In Brazil, the environmental protection from ionizing radiation is based on a paradigm, 

proposed by the International Commission of Radiological Protection - ICRP [1] that states: 

"The commission therefore believes that if man is adequately protected then other living 

things are also likely to be sufficiently protected". This paradigm was put into doubt by ICRP 

itself [2] and by many other authors [3-5], and it is now accepted that: "Occasionally, 

individual members of non-human species might be harmed, but not to the extent of 

endangering whole species or creating imbalance between species" [2]. 

 

mailto:delcy@inb.gov.br
mailto:kelecom@uol.com.br
mailto:kelecom@uol.com.br


INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

Radioprotection has evoluted quite a lot. Thus, in 1977 ICRP created a paradigm [1], put it in 

doubt in 1991 [2], and broke it in 2003 [6]. In this last publication, “A Framework for 

Assessing the Impact of Ionizing Radiation on Non-Human Species”, ICRP develop the 

concept of environmental protection in a different way from human radioprotection. In this 

new approach, ICRP proposes the use of dose limit standards, the introduction of the 

ecological risk assessment framework and to develop the concept of reference fauna and 

flora. 

 

In order to establish dose limit standards, the development of quantities and units, of a set of 

reference dose models and of reference dose-per-unit-intake (or unit-exposure) turns out to be 

indispensable. Presently, in environmental protection approaches one uses the concept of 

absorbed dose measured in Gy (J kg
-1

). 

 

The concept of absorbed dose describes efficiently the energy deposited by radiation in a 

material medium. In the case of low dose rates and low doses, and when such rates or doses 

are heterogeneously distributed in space and time, the biological response (biological effect) 

is different for equal doses (Van der Stricht and Kirchmann, 2001, cited in [6] and [4]). This 

difference can be estimated (quantified) using the relative biological effectiveness concept 

(RBE). 

 

RBE is defined as the„„inverse ratio of absorbed doses of different quality radiations, 

delivered to the same locus of interest, that produce the same degree of a given biological 

effect in a given organism, organ or tissue‟‟ all other factors being equal [7]. 

 

The RBE concept should not be used for human radioprotection, since it would result in an 

enormous variety of values, one for each biological endpoint and for all different radiations 

emitted by all different radionuclides. In this case a simplified RBE concept is used. This new 

concept is named Quality factor (Q) or radiation-weighting factor (Wr). 

 

This simplification is based on relevant endpoints in all tissues and organs together with a 

considerable dose of judgement [6] and [8]. In human radioprotection Wr is 1 for photons and 

electrons, 5 for neutrons and protons, and 20 for the alpha radiation [2]. Theses values are 

recommended by the Brazilian regulatory organ [9]. In 2007, ICRP reviewed the Wr values 

of protons as 2 and of neutrons as a continuous curve related to neutron energy, with values 

going from 2 to 20 [8]. 

 

The inclusion in the absorbed dose of converting factors which reflect the different biological 

responses to different types of radiation makes it necessary to set up a new unit, because the 

reported values have different biological and physical interpretation, thus being different 

units. 

 

In human radioprotection this new unit was named equivalent dose (Ht) by ICRP. It used the 

quality factor (Q) and was expressed in Sievert (Sv) [1]. Evolution of radioprotection led to 

modifications of the Q values, now known as radiation-weighting factor (Wr). The use of Wr 

implied in a new unity: the dose equivalent (Ht) [2]. Finally, in the most recent revision, 

ICRP (ICRP, 07) redefined the equivalent dose (Ht), using novos Wr values, which are 

different from the values reported by ICRP in 1991[2]. 

 

In environmental radioprotection there is still no consensus on the name for the RBE 

simplification and neither for the name of the new unit that results from the use of RBE 
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simplification. The expressions „ecological radiation weighting factor‟ [6] and „ecodosimetric 

weighting factor‟ [4] have been proposed to name the simplified RBE, and the expression 

„equivalent dose for flora and fauna‟ [4] for the new quantity created for the use of this 

absorbed dose correcting factor. 

 

Different from human radioprotection, the focus given to environmental radioprotection is to 

prevent deterministic effects in the population[10-11]. In the former, the focus is on the 

individual and not on the population. Beside this difference, human radioprotection concerns 

deterministic and stochastic effects. First, the dose is limited aiming to prevent the outcome 

of stochastic effects. Second, one seeks to maintain the dose as low as possible aiming to 

reduce the probability of deterministic effects to arise [6], [8-9]. These differences of 

approach should be taken into account when proposals concerning simplifications of the RBE 

are made. 

 

This paper aims to review the available literature on RBE and Wr for alpha radiation in biota, 

and propose a value for this Wr, based on the literature both on biota and on human beings, 

trying to follow a conservative approach. 

 

2. MATERIAL AND METHODS 

 

A survey of the literature on correction factors (RBE, Wr) for biota and human being 

proposed for alpha radiation was carried out and, when possible, the biological endpoint was 

identified, as well as the radionuclide and the biological target (e.g. cancer caused by Po-210 

in ovaries). Encountered data were then organized in a table reporting RBE information, 

author and endpoints. 

 

The values from the literature are used to propose RBE values. The judgement will also be 

used to define the values, as established by ICRP [6] and [8]. 

 

3. RESULTS 

 
The survey of the literature resulted in 46 papers, 4 of which being reviews. The reviews by 

Chambers [12-13], ACRP [14] and FASSET [11] were used in this work.  

 

The values reported in the literature showed broad range, and varied from 1 [15] to 377 [16], 

see table 1. 

 

The extreme values were not representative. The value of 377 was based on a single 

experiment conducted by Samuels [16]. In this work, the author recommends caution when 

using this value indicating values between 50 and 100 as more realistic. 

 

The value of 1 was not based on experimental data but on the interpretation (judgement) of 

the use of a conservative dosimetric model. 

 

The values reported by FASSET [11], ACRP [14] and by other authors [5] and [17-20] varied 

from 5 to 50. These values are close to the value reported by ICRP for alpha radiation in 

humans, which is 20 [1-2] and [8]. 
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Table 01 - RBE Values from the literature, modified by Chambers, 05 e 06, with inclusions. 

RBE Endpoint Fonte 

377 Cell-killing in mouse oocyte [16] 

250 - 360  Fetal hemopoetic sten cell [21] 

245 Spermhead abnormalities in nice [22] 

50 – 100 Lens opacification in rates [23] 

65  Micronuclei in rat lung fibroblasts [24] 

37-60 Transformations of hamster embryons cells [25] 

5-50 Series de endpoints [11] 

5-20 5-10 deterministic effects 

10-20 cancer, cromossome abnormalities 

[14] 

40 Review on RBE from literature [17-20] 

20 Deterministic effects [26] 

10 Deterministic effects in population [27] 

5 Average of deterministic effects [28] 

2-10 Non stochastic effects [29] 

20 Same as human beings [30] 

1 Value used in conservative model [15] 

 

 

4. CONCLUSION 

 

The literature identifies as most common Wr values for the alpha radiation in environmental 

radioprotection, values ranging from 5-70. These values are used for various endpoints, 

subjected to different dose rates, doses, and exposure to different radionuclides. 

 

The existence of a smaller amount of studies on biota, when compared with the evaluations of 

biological effects in humans [6], increases the uncertainty of these values. For human 

radioprotection, the value of 20 is used historically; it has been proposed in 1977 and 

remained after two revisions in the last 30 years [1-2] and [8]. 

 

Taking into account that there is no formula for setting the Wr, because its definition contains 

a subjective component based on judgement [6] and [8], the stipulated Wr value is a 

consensus that must be accepted by the scientific community and easily defensible. 

 

The Wr value of 40 for alpha radiation, as proposed by [17-20], is here suggested as the Wr 

value for alpha radiation aiming environmental radioprotection, and is based on the 

calculation of dose in biota. This value can be adopted, while increasing the critical amount 

of data on RBE for alpha radiation on the biota, and this may change the picture depicted 

above. 

 

As a way to defend that value, one should stress that it is a value: 

 

 Higher than the one used in human radioprotection; 

 Within the most cited range in the literature; 

 Higher than the value indicated in the literature to protect against stochastic effects in 

the population. 
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As the name of the simplified RBE, we here propose to use “ecological radiation weighting 

factor” [6], due to similarity to the name of RBE simplification used in human 

radioprotection (radiation weighting factor) and as a symbol we propose WRE. As the name 

of the new unit we suggest “equivalent dose for flora and fauna” [4], and the use of the 

symbol HTFF. 
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