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ABSTRACT 

 
Natural arsenic contamination is a cause for concern in many countries of the world including Argentina, 

Bangladesh, Chile, China, India, Mexico, Thailand, United States of America and also in Brazil, specially in the 

Iron Quadrangle area, where mining activities have been contributing to aggravate natural contamination. 

Among other elements, iron is capable to interfere with the arsenic absorption by plants; iron ore has been 

proposed to remediate areas contaminated by the mentioned metalloid. 

In order to verify if iron can interfere with arsenic absorption by different taxa of plants, specimens of 

Brassicacea and Equisetaceae were kept in a ¼ Murashige & Skoog basal salt solution (M&S), with 10 µgL
-1 

of 

arsinic acid. And varying concentrations of iron. 

The specimens were analysed by neutron activation analysis, k0-method, a routine technique in CDTN, and also 

very appropriate for arsenic studies. 

The preliminary results were quite surprising, showing that iron can interfere with arsenic absorption by plants, 

but in different ways, according to the species studied. 

 

1. INTRODUCTION 

 

The extent of the concern caused by arsenic around the world can be briefly reviewed in [1]; 

for Brazil, that can be done in [2]. Solutions to the problems caused by this metalloid are 

being sought, mainly low cost ones, since arsenic is another problem, among many others, in 

impoverished regions. Some of them are based in the use of iron and its compounds, due to 

their relative low cost, aiming at: removal of As present in water [3-9], its stabilisation in 

water [10], or soil [11-14]. These techniques rely on the adsorption of As to Fe, reducing its 

availability in soil for crops, as an example; for a review in the utilisation of adsorbents to 

remove As from water, see [15]. 

 

Another research area aims at the search of plants that accumulate arsenic, or that are 

resistant to its presence in their environment; the results of this line of work might provide 

plant species for phytoremediation [16] and/or reclamation of degraded areas [17]. Also, 

these results might be coupled to some of the solutions above mentioned, specially the ones 

dealing with soil amendment or remediation. 

 

The intricacies of plant nutrition [18] make it necessary to design experiments where 

nutrients are provided under controlled conditions, as in a basal salt solution, like Murashige 

& Skoog (M&S) [19], in order to better understand soil experiment findings. 
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Considering the above mentioned, it was decided to verify if members of the Brassicaceae 

and Equisitaceae families, cultivated in Brazil, kept in M&S, were capable of absorbing 

a7rsenic, and if ferrous sulphate might interfere in the absorption of the metalloid. Among 

different crops from Brassicaceae, a cabbage was chosen, since the capacity of absorbing 

arsenic has already been described in cabbage [20], although the authors did not specify 

which kind of cabbage (purple, green, ox-heart, etc). 

 

Also, when deciding which plant species to study, it is necessary to verify its use as a 

medicine in popular knowledge; therefore, among Equisetaceae, a horsetail, Equisetum 

giganteum, was chosen. E. giganteum is indigenous to Tropical South America (in [21]), 

quite popular as a medicine in Brazil, as an infusion for many ailments; members of this 

genus present an interesting peculiarity: silica in concentrations above 25% of their dry 

weight [in [22-24]). And so far, it was not found any reference about E. giganteum capacity 

of absorbing arsenic. 

 

The necessity of accurate, multi-elemental analysis techniques in this kind of activity has 

already been discussed in [17], where the choice for Neutron Activation Analysis, method k0, 

has been thoroughly explained. Regardless of redundancy, it is never unnecessary to remind 

that it is a non-destructive procedure, and that it may dispense heating for the processing of 

samples. 

 

In Belo Horizonte, the Laboratory for Neutron Activation, located at Centro de 

Desenvolvimento da Tecnologia Nuclear/Comissão Nacional de Energia Nuclear, 

CDTN/CNEN, has been applying the k0-method as a routine procedure. At CDTN/CNEN, 

roughly, 70% of the known elements can be determined by this analysis [25, 26], as shown in 

[17]. 

 

 

2. MATERIALS & METHODS 

 

Specimens of cabbage – ox-heart or Early Jersey Wakefield (Brassica oleracea var. capitata) 

- were obtained by germination of Isla Pak seeds, bought in the local market. Seeds were 

sown in vermiculite, watered with tap water, transferred to flasks with vermiculite; healthy 

specimens were then divided in groups (control and for arsenic exposure). 

 

E. giganteum specimens were obtained from cuttings of a plant bought in the local market; 

the cuttings were put to root in vermiculite, watered with tap water and ¼ M&S, and their age 

was counted from the moment that rooting was observed. After root growth was well 

established, the specimens were divided in groups (control and for arsenic exposure) 

 

Control groups were kept with ¼ M&S; the treated groups were provided with: 

 ¼ M&S with 100 µg L
-1

 of arsinic acid (¼ As M&S); 

 ¼ As M&S, with half the concentration of FeSO4 (½ Fe M&S), and  

 double of the concentration of that salt (2x Fe M&S). 

 

All groups were kept in open air; with weekly changes of the nutrient solution; the length of 

time for treatment depended on the growth of the specimens. In order to avoid possible 

interference of the substrate, attempts to grow specimens in M&S, without substrate, were 

also carried out. 
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Specimens were harvested when their size might be enough for analysis; unhealthy 

specimens were discarded. After harvest, whole specimens were washed with deionized 

distilled water, freeze-dried, hand ground, transferred to irradiation vials and weighed. 

 

The k0-standardization method was applied to determine the arsenic concentration in the 

samples. The irradiation was performed in the carrousel IC-7 of the TRIGA MARK I IPR-R1 

reactor at CDTN/CNEN, under a thermal neutron flux of 6.35x10
11

 cm
-2

 s
-1

, 100 kW power. 

The parameters f and a in the IC-7 are (22.32 ± 0.2) and (-0.0022 ± 0.0002), respectively. The 

samples were irradiated simultaneously with neutron flux monitor Al-Au (0.1%) IRMM-

530RA foil. 

 

The usual neutron activation analysis including the gamma spectroscopy comprised the 

scheme of 8 hours to determine arsenic. The gamma spectroscopy was performed on an 

HPGe detector with 15% efficiency and for the spectra analysis - peak area evaluation - the 

Hyperlab program [27] was used. For the calculation of elemental concentrations a software 

package called KAYZERO/SOLCOI [28] was applied. 

 

 

3. RESULTS AND DISCUSSION 

 

Specimens kept without substrate did not survive; Table 1 presents the As concentration 

found in the different experimental groups. 

 

 

Table 1. Elemental arsenic concentration 

 

Species Age 

(days) 

Exposure 

(days) 

Group # 

specimens 

Sample size 

(g) 

As 

Dry weight (mg.kg
-1

)  

Brassica 

oleracea var. 

capitata 

54 12 control 5 0.0858 < 1.0 

54 12 ½ Fe M&S 5 0.1710 14.1 ± 0.5 

54 12 ¼ As M&S 5 0.1010 22.0 ± 1.0 

54 12 2x Fe M&S 5 0.0902 11.8 ± 0.5 

Equisetum 

giganteum 

107 30 control 1 0.1574 < 1.0 

107 30 ½ Fe M&S 1 0.2059 0.7 ± 0.1 

107 30 ¼ As M&S 1 0.1517 2.3 ± 0.1 

107 30 2x Fe M&S 1 0.1418 4.6 ± 0.5 

 

In [20], different groceries were bought from a vegetable market in Beijing, and their arsenic 

content analysed; among the vegetables, the As concentration found in cabbage was much 

lower (67.9 ± 4.2 µg/kg of dry matter – the underlining is ours) than the one described here. 

The comparison of both sets of data allows stating that Brassica oleracea var. capitata is able 

to accumulate arsenic, and also points to the necessity of experiments of arsenic exposure 

under controlled conditions. It is not known where the material described in [20] was grown, 

i.e., it is not known the amount of arsenic that was available where they were cultivated, and 

for how long the plants were exposed. Furthermore, the samples were ―oven-dried at 50º C 

for 18 h‖, which might have caused loss of arsenic by evaporation, since its compounds are 

easily volatilised [15]. 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

Others comparisons and discussions are hindered, as debated in ―Arsenic absorption by 

members of the Brassicacea family, analysed by Neutron Activation, method k0‖ [in this 

proceedings], because the specimens in [20] were not properly identified. Crops present 

different varieties and/or cultivars, suited for early or late production, for winter or summer, 

colours, etc; this is a commonly overlooked information, as can be seen in [20]. 

 

As far as we know, this is the first time that the capacity of arsenic absorption of E. 

giganteum is described. This not surprising, since other species of this genus are also capable 

of that, although it might not be necessary to expose specimens for lengths of time as long as 

described in [29], of at least two months. That difference in length of exposure, plus the fact 

that, again, samples ―were dried at 70º C‖, i.e., at a temperature that might cause the loss of 

arsenic, make it difficult, maybe unreliable, to further discuss the results presented here and 

the results in [29]. 

 

In terms of biomass production, E. giganteum deserves its denomination: this species can 

reach up to 5 m of height (in [21]). Due to this characteristic, E. giganteum should be further 

investigated, in order to verify its use in remediation activities. 

 

Again, our samples had not the desirable weight of 0.3 g for analysis; the absence of 

vermiculite stunted the growth of B. oleraceae, and the specimens of E. giganteum did not 

survive further than two days without vermiculite. Rather than the lack of a substrate, these 

growth problems further enhanced the necessity of modifying the composition of M&S, for 

the species studied. Preliminary tests are under way, checking the use of Ni in M&S, plus the 

use of silica-gel as a substrate for the species studied, especially for Equisetaceae species. 

 

The lack of growth of our specimens also forbid their anatomical analysis, to verify if iron 

plaques were formed in their roots, as described for lettuce [11]; this plaque formation might 

reduce arsenic intake by plants, and special attention to the mechanism of plaque formation in 

roots should be given. 

 

4. CONCLUSIONS 

 

The results obtained in this work show that the concentration of arsenic did vary according to 

the FeSO4 concentrations, but not proportionally. Vermiculite is not an ideal substrate for this 

kind of experiment, due to the presence of iron in its composition [unpublished results], as 

well as of rare earth elements (REE). Plus, REE can be used as adsorbents to eliminate 

arsenic from water, though it might be quite expensive. 

 

The results presented here further enhance the need of alterations in the composition of 

nutrient solutions, the avoidance of substrates, and, last, but not least, the advantages of 

analytical methods that are non-destructive, like Neutron Activation Analysis. 
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