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ABSTRACT 

 
Instrumental Neutron Activation Analysis (INAA) is a multielementar technique with high sensitivity, and can 

be applied to study small samples. Therefore, this research proposes using the INAA for quantifying the 

accumulation of chemical elements in organs of anuran amphibians Rhinella schneideri (Werner, 1894). Male 

individuals were collected on areas with anthropogenic influence close to water resources on the campus of 

ESALQ/USP in 2009. The animals were sacrificed in a cold chamber and dissected to separate their kidneys, 

livers, lungs and skins. After cleaning, the organs were lyophilized and pulverized. Samples weighing from 200 

to 500 mg were placed in polyethylene capsules to be irradiated. The INAA technique, based on the 

bombardment of samples with neutrons for the production of radionuclides, was applied using the Nuclear 

Research Reactor of the Nuclear and Energy Research Institute. Portions of certified reference materials were 

used to evaluate the quality of the analytical procedure. The mass fractions were quantified by the k0 method, 

and the results indicated differences among the As, Br, Co, Cr, Fe, Hg, Sc, Se and Zn concentrations in the 

analyzed organs. Therefore, it was possible to calculate the bioaccumulation indexes relative to these chemical 

elements for the species. In addition, it was possible to infer the contamination pathways: As, Br, Co, Cr and Se 

by ingestion and Co, Fe, Hg, Sc and Zn by contact, which corroborated the usage of R. schneideri anuran as a 

biomonitor of chemical elements. 
 

 

1. INTRODUCTION 

 
The Instrumental Neutron Activation Analysis (INAA) technique is recommended for 
quantifying chemical elements in biological samples because of its greater metrological 

quality, which allows concurrent analyses of several chemical elements in samples without 
chemical treatment [1] and samples with small weight [2]. 

 

Anthropic activities have caused increasing environmental impacts in all biological 
compartments, as industry and technology rapidly developed in the last decades [3]. In order 

to evaluate such negative effects on the ecosystems, it is possible to use biomonitor 
organisms due to their chemical element accumulation capacity [4]. Amphibians are useful in 

this context due to their greater exposure to environmental contaminants when compared to 
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other taxonomic groups, which can be justified by their worldwide occurrence, cutaneous 

respiration and life cycle [5]. However there are few studies that actually use these animals to 
assess the quality of the environment [6; 7]. 

 

The role of some organs is pointed as a cause of bioaccumulation of chemical elements. For 
example, kidneys and livers may accumulate heavy metals due to their role in the 

detoxification process [8]. Amphibians breathe by using their skins, and this can lead to the 
accumulation of substances that are potentially harmful [9]. 

 

Toads and frogs survival depends on their interaction with the environment [10]. For 

understanding the animal-enviroment interaction, it is possible to determine the chemical 

element concentration in the organs, since each organ accumulates chemical elements by 

specific pathways. Thereby the INAA technique was applied for quantifying chemical 

elements concentration in organs of Rhinella schneideri (Werner, 1894). 

 

The studied areas receive influences from the Piracicaba River and the Piracicamirim Brook. 
Both are aquatic ecosystems presenting reduced riparian forest, margins occupied by 

agricultural lands, industrial centers, as well as a proximity from a sewage treatment station 
and large urban areas. 
 

 

2.1. Sampling 
 

 

Nine male frogs were collected by active search in areas with anthropogenic influence close 
to water resources in the campus of the Luiz de Queiroz School of Agriculture - ESALQ/USP  
- in 2009. They were sacrificed in a cold chamber and dissected for separating their kidneys, 
livers, lungs and skins. After cleaning with ultrapure water, the organs were lyophilized and 
homogenized in a titanium rotor. 
 

 

2.2. Instrumental Neutron Activation Analysis 
 

 

Portions from 200 to 500 mg were weighed inside polyethylene capsule and submitted to 
bombardment with neutrons in order to produce radionuclides. The used thermal neutron flux 

was 10
13

 cm 
-2

 s-
1
. The irradiation of the samples was conducted within a period of 8 hours 

on the research reactor IAE-R1 of the Nuclear and Energy Research Institute of São Paulo. 
The induced radioactivity was measured with a hyperpure germanium detector for 
quantifying As, Br, Co, Cu, Fe, Hg, Sc, Se and Zn. Fragments of Ni–Cr alloys with well-
known composition were employed for monitoring the thermal neutron flux [11; 12]. 

 

To guarantee the quality of the analytical procedure, portions of IAEA 336 Trace Elements 
in Lichen and IAEA V-10 Hay Powder biological reference materials - produced by 
International Atomic Energy Agency (IAEA) - were used, as well as the INCT-MPH-2 
Mixed Polish Herbs and INCT-TL-1 Tea Leaves reference materials, produced by the 
Institute of Nuclear Chemistry and Technology of Poland (INCT). 
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2.3. Statistical Analysis 
 

 

The mass fractions and the respective analytical uncertainties were calculated by the k0 
method using the Quantu software [12]. The quality of the procedure was attested by 

calculating the En number for each portion of reference material, as recommended by the 

ISO 13528/2005 [13] and shown in the next formula. 

 

En =
𝑋𝑜𝑏𝑠−𝑋𝑟𝑒𝑓

√𝑈𝑜𝑏𝑠
2 +𝑈𝑟𝑒𝑓

2  
               

 

(1) 

𝑋𝑜𝑏𝑠 = mass fraction value observed in the analysis of the reference material; 

𝑋𝑟𝑒𝑓  = certified mass fraction value for the reference material; 

𝑈𝑜𝑏𝑠 = analytical uncertainty at 95% confidence level of the value obtained from the 

analysis of reference material; 

𝑈𝑟𝑒𝑓 = Expanded analytical uncertainty at 95% confidence level of the certified value for 

the reference material. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Mass Fractions 

 
The results represented in Table 1 indicated differences between the concentrations of the 
chemical elements As, Br, Co, Cr, Fe, Hg, Sc, Se and Zn per dry weight in the analyzed 
organs. 
 
The observed concentrations of arsenic ranged from 0.58 to 0.95 mg. kg-1. The Brazilian 
Ministry of Agriculture, Animal Husbandry and Supply [14] utilizes kidneys as references 
matrixes for regulating the concentration of arsenic in meat. Its maximum allowed value in 
the organ is 1 mg kg-1 of fresh weigh. This concentration would be significant bigger if it 
were expressed in mg kg-1 of dry matter. Therefore, the concentration of arsenic in the toad’s 
kidney does not represent a relevant risk for the predators of the analyzed species. 
 

Table 1 – Mean Concentrations, in mg kg-1 of dry weight, of Chemical Elements in the 
Analyzed Organs. 

 

Organs   
Chemical Element Concentrations (mg kg-1 of dry 
weight)   

 

As Br Co Cr Fe Hg Sc Se Zn 
 

 
 

Livers 6.70E-1 1.46E+1 6.54E-1 1.11E+0 8.68E+2 1.47E-1 6.17E-3 4.52E+0 9.04E+1 
 

Kidneys 9.50E-1 2.28E+1 4.18E-1 1.44E+0 6.75E+2 1.40E-1 2.31E-3 1.50E+0 8.81E+1 
 

Lungs 7.80E-1 9.03E+0 2.03E-1 2.30E+0 4.66E+2 1.33E-1 7.49E-2 5.64E-1 1.37E+2 
 

Skins 5.80E-1 1.24E+1 6.67E-1 1.00E+0 1.67E+3 1.57E-1 1.62E-2 3.21E+0 9.44E+1 
 

 
The highest mass fractions of As and Br were found in the kidneys. Such accumulation may 
be explained by the detoxification capacity of this kind of organ, as observed by Palaniappan 
& Karthikeyan [8] in fish of the species Cirrhinus mrigala (Hamilton, 1822). In this study, 
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the authors observed that, after exposing the animals to a high concentration of Cr for 21 

days, the maximum accumulation of the chemical element – 164.5 µg. g
-1

 – was reached. On 
the end of that period, the kidneys started a detoxification process, which lowered the 

concentration of Cr to 162 ìg. g
-1

 of body weigh by day 28. This behavior was not observed 
in the livers, despite the detoxification capacity of the organ. 
 

The species presented a mean concentration of 22.8 mg. kg
-1

 of Br in the kidneys. Fonseca et 

al. [2] obtained a Br average mass fraction of 3.96 mg. kg
-1

for homogenized samples of 
species belonging to the Hymenoptera order collected in the proximities of the Piracicaba 
river. This taxon constitutes an important source of Br, for the fact that these insects are 
predated by the frogs. 

 
For the chemical elements Co, Fe and Hg, the greatest averages were determined for the skins 

(0.67, 1670 e 0.16 mg. kg
-1

 respectively). In experiments with suspended sediments of the 
Piracicaba river basin, conducted by França et al. [15], higher concentration, except for Fe, 

were found (20.1 mg. kg
-1

 for Co, 63.5 mg. kg
-1

 for Fe and 0.66 mg. kg
-1

 for mercury). The 
fact that the concentration of iron was higher than the one found in the anuran amphibians 
may be explained by the high presence of this metal in the blood of vertebrates. 

 
The highest concentrations of Cr, Sc and Zn were found in the lungs (2.30, 0.07 and 137 mg 

kg
-1

). Evaluating the organism-environment interaction is of great importance in order to 
understand the bioaccumulation process. Therefore, by analyzing the work of Favarro et al. 
[16] , in which they determined the concentrations of the chemical elements in sediments 
from the Piracicaba River, it is possible to say that Cr is not greatly accumulated by the 
studied species, since its concentration in the sediments was much higher (19.64 mg/kg). 

However, because the concentration of Zn (72.68 mg. kg
-1

) in the sediments was nearly half 
of that determined for the lungs, there is a strong evidence of bioaccumulation in this species. 
 
In the present study, the highest concentrations of Sc were observed in the lungs and in the 

skins (0.07 and 0.02 mg. kg
-1

 respectively). The animal-soil interaction probably caused the 

entrance of this chemical element into the body of the animals through their skins. A 
justification to this hypothesis is that the substance is commonly found in this geological 
compartment, to the point that it is chosen as a soil tracer [17]. It was deposited in the lungs, 
however, due to the capacity of the anurans to perform cutaneous respiration. 

 

The livers presented the greatest mean accumulation of Se (4.52 mg. kg
-1

). Livers are the 

most used organs in studies that evaluate the toxicity of this chemical element [18; 19; 20]. 

The concentrations of Se that are potentially toxic to vertebrates are those bigger than 11 mg. 

kg
-1

 of dry weigh or 3 mg. kg
-1

 of humid matter.  Therefore, the observed concentrations are 

not toxic to vertebrates [19]. Despite that, there is the possibility of intoxication of animals on 

superior trophic levels due to the biomagnification process. 

 

 

4. CONCLUSIONS 

 

The analyses conducted in this work corroborated the possibility of using the INAA 

technique to determine the chemical element mass fraction in organs of R. schneideri anuran 

amphibians, which is a potential bioaccumulator of Zn. By studying the concentration of 
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chemical elements in the organs of this species, it is possible to find the possible sources of 

contamination, as well as the potential effects of several chemical elements on the 

environment. 
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