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ABSTRACT 
 

The attention to environmental exposure to arsenic is increasing in the worldwide. In this scenario, a project is 

being developed in Santana do Morro, Iron Quadrangle, Minas Gerais, region well known due to natural and 

anthropogenic occurrence of arsenic. This proposal has several objectives; one of them is to start a procedure of 

phytoremediation in laboratory aiming at future riparian forests restoration. The main concern is the 

preservation of water resource and consequently the health of the inhabitants. The study place is close to a water 

spring. One sampling was carried out, collecting plants, soil and sediment. The Neutron Activation Analysis, k0-

method, was applied to determine the elemental concentration, using the TRIGA MARK I IPR-R1 reactor, 

located at CDTN/CNEN. In this paper, the results are discussed. 

 

1. INTRODUCTION 

 

The Iron Quadrangle in the State of Minas Gerais is the most famous gold-producing area in 

Brazil. Arsenic commonly occurring as arsenopyrite and as a trace element in pyrite is 

associated with gold mineralization. For the last 300 years, most of the As associated 

(~390,000 t) has been discarded into drainages, stored in tailing piles on the banks of some 

rivers and, to a lesser extent, used for industrial arsenic oxide production. The environmental 

impact of arsenic pollution has been studied in the area.  
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In 1998, a human monitoring campaign in the “Arsênio” Project – conducted by FEAM, 

Environmental Agency of the Minas Gerais State, was carried out among school children  

(7–12 years old) in deprived villages in two municipalities, Santa Bárbara and Nova Lima, 

where the mean value of As content in urine was 25.7 µg L
-1

. The same study estimated that 

children (1-6 years old) in these places probably ingested 20 µg of As from soil daily once 

the As concentration in soil was determined as 42 mg kg
-1

. The water supply presented 

concentration of 3.26 µg L
-1

to 21.5 µg L
-1

, twice higher than the limit value - 10 µg µg L
-1

- 

established by the Brazilian Ministry of Health so that adverse health effects cannot be 

excluded on a long-term basis [1, 2]. 

 

This paper is concerning the Bilateral Project Brazil-Slovenia “Neutron activation analysis on 

assessment of arsenic resistant plants present in Santa Bárbara region, Iron Quadrangle, 

Brazil” (CNPq Processo 490059/2009-0). The main concern of this project is the preservation 

of water resource and consequently the health of the inhabitants. These inhabitants live in one 

village with evident natural and anthropogenic arsenic occurrences. Riparian restoration of 

the water spring is especially important due to water quality and ecological perspectives.  

 

As the study involves phytoremediation [3] procedures in laboratory, aiming at future 

riparian forests restoration in Santa Bárbara region, this paper is about the assessment of 

arsenic concentration levels close to the water spring. 

 

 

2. MATERIAL AND METHODS 

 

2.1 Study Area 

 

According to the project, one water spring with riparian forest was chosen to be studied in 

Santana do Morro region. One sampling was made and the objective was to make an 

assessment about the plants around the water spring in order to know which one would have 

up taken arsenic and to determine arsenic concentration level of the soil and sediment. The 

next step would be to collect seedlings of the plant species that had presented arsenic up 

taken. 

 

2.2 Sampling 

 

The plant samples – 14 different plants - were selected to be collected basing on the 

following characteristics: presence of flowers, seeds, high occurrence in the riparian forest. 

The plants were collected in the surrounds of the water spring, inserted in plastic bag. Part of 

them was carefully wrapped in paper and kept to be identified. The other part was prepared to 

analysis.  

 

Samples of soil were collected 20cm depth close to the water spring and conditioned in 

plastic bags. Sediment sample was also collected and storage in plastic bag.  

 

2.3 Prepare of Samples to Analysis 

 

The plants were cleaned with tap and deionised water and carefully dried with paper. The 

parts were separated – stem, flowers and leaves - and weighted. After, they were conditioned 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

in plastic bags, storage in freezer, lyophilized and milled. Each sample was weighed, around 

100mg, to polyethylene vial suitable for irradiation. 

 

Soil and sediment samples were air-dried, homogenized and sieved. The finest-grained 

fraction <0.06 mm was analysed. Each sample was weighed, around 200mg, to polyethylene 

vial suitable for irradiation. 

 

2.4 Application of Neutron Activation Analysis, k0-standardization Method 

 

To determine the elemental concentration in the samples the neutron activation analysis, 

specifically the k0-standardization method, was applied [4]. Certified reference materials 

were also analyzed: GBW 07604 (poplar leaves) and IAEA/Soil 7. 

 

The samples were piled up in the “rabbit”, intercalated with neutron flux monitor  

Al-Au (0.1%) IRMM-530RA foil cut into 6 mm diameter and 0.1 mm thick. The irradiation 

was performed in the carrousel IC-7 of the TRIGA MARK I IPR-R1 reactor at CDTN 

(Nuclear Technology Development Centre)/CNEN (Nuclear Energy National Commission), 

at 100 kW, under a thermal neutron flux of 6.35x10
11

 cm
-2

 s
-1

. The values of the parameters f 

and  were 22.32 and -0.0022, respectively.  

 

The irradiation time was 8 hours and after suitable cooling time and the gamma spectroscopy 

was performed on an HPGe detector with 25% efficiency. For the spectra analysis - peak area 

evaluation - the HyperLab program [5] was used and for the calculation of elemental 

concentrations a software package called Kayzero for Windows [6] was applied. 

 

 

3. RESULTS AND DISCUSSION 

 

During the sampling it was collected 14 different kinds of plants. They were identified by 

Alexandre Salino, Marcos Antônio Nunes Pivari* and A.M. Teles**:  

- Asteraceae (*Baccharis retusa DC, Baccharis calvescens DC, Cyrtocymura 

scorpioides (Lam.) H. Rob.);  

- Convolvulaceae (Jacquemontia rufa ((Choisy) Hallier f.);  

- Cyperaceae (Rhynchospora marisculus Lindl. & Nees, Eleocharis  geniculata (L.) 

Roem. & Schult.),  

- Lamiaceae (Hyptis lanceoiata Poir.);  

- Malvaceae (Triunfetta semitriloba Jacg.);  

- Melastomataceae (Rhynchanthera grandiflora (Aubl.) DC, Trembleya parviflora (D. 

Don) Cogn.);  

- Onagraceae (**Ludwigia lagunae (Morong) H. Hara);  

- Poaceae (Melinis minutiflora P. Beauv.);  

- Rubiaceae (Borreria capitata (Ruiz & Pav.) DC.) and (Hyptis suaveolens Poit). 

 

Table 1 shows the results of arsenic concentrations determined in whole plants and in 

geological material close to the spring water. The experimental values obtained for reference 

material were in good agreement with the certified values. 
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Table 1. Arsenic concentration results obtained in plants, soil and sediment, collected in 

a water spring area. 

 
Biological Material (dry mass, mg kg-1 ) Geological Material (mg kg-1 ) 

Plant  GBW 07604 (poplar leaves)  
Soil 

 
Sediment 

IAEA/Soil 7 

Cyperaceae 
(Eleocharis 

geniculata (L.) 

Roem &Schult) 

Others Experimental 
Value 

Certified 
Value 

Experimental 
Value 

Certified 
Value 

4  1 < 0.1 0.4  0.1 0.37  0.06 16  1 18  1 13  1 13.4  0.85 

 

 

 

4. CONCLUSION 

 

Several species of plants were collected in the sampling. All them have been already 

identified and reported else where, pointing out that they are not native plants, but invasive 

plants [7, 8]. However, it was expected, because the region is an urban area, with 

anthropogenic actions for many years and deforestation has been happen for many time, 

becoming possible the invasion of other species of plants.  

 

As those plants presented low content of arsenic, it means that may be they are tolerant, 

resistant to arsenic or the bioavailability [9] of this element in soil was not suitable to occur 

sorption reactions. During the second sampling, seedlings of the Cyperaceae (Eleocharis 

geniculata (L.) Roem &Schult) - the only specie that presented As – were collected to start 

the procedures at the laboratory under controlled conditions in order to follow the As uptake. 

 

The k0-method was applied to all matrices determining not only arsenic but also more 25 

elements that will be presented in other opportunity. 
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