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1. Introduction

Brazil is rich in mineral resources and mining is important for economic infrastructure, as it creates
jobs, improves technologies and improves quality of life. However, it is important to recognize the
impacts associated with this activity, especially in the generation of waste and rejects. Furthermore,
there are concerns about exploitation in sensitive areas, such as forests and indigenous lands, leading
to debates about the need to reconcile economic development with environmental preservation and
the rights of local communities. It is important that policies and regulations associated with mining
are effective, promoting sustainable practices and mitigating environmental impacts.

A possible use of mining residues with the aim of mitigating socio-environmental problems would
be to use them as soil conditioners. A first benefit is the reduction of the toxicity of some chemical
elements and consequently an increase in the availability of other elements considered micronutrients
for plants [1]. This paper aims to evaluate the distribution of elements As, Ba, Ca, Ce, Eu, Fe, K, La,
Lu, Mg, Mn, Nd, Sc, Sm, Ta, Th, Zn, Zr and Yb content in a carbonate niobium residue.
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2. Methodology

Sampling

The carbonate samples were supplied by a NORM industry, located in Cataldo, Goias, Brazil. The
soil for lettuce (Lactuca sativa L.) plantation was collected in Taubate, Sdo Paulo, Brazil. A portion
of this soil was separated for analysis before the plantation and a second analysis was made after
plantation.

The planting and care of the lettuce samples were made at the University of Taubate on the Agronomy
campus using completely randomized design (CRD) model, in a 4x5 factorial scheme: soil and
limestone; soil and carbonate; and, control soil, in five repetitions [2]. In each crop it was used the
proportion of 1 kg of soil for 3g of the amendment [3, 4]. Two plantings were conducted in the same
pots without soil reposition [5]. For analysis, the carbonate and soil samples were air dried and non-
soil material were removed. Samples were them dried at 100 °C for 24 h, crushed and homogenized
by passing it through a 125-um sieve. Lettuces samples were weighed and calcinated at 1000°C for
1h. For sample irradiation, 120 mg was used in duplicate.

Instrumental Neutron Activation Analysis

For INAA, samples, reference materials, and synthetic standards were packed in plastic bags, placed
in aluminum capsules, sealed and sent to irradiation for periods of 8 hours in the IEA-R1 nuclear
reactor. Gamma spectrometry was carried out after seven days and after 15 days of decay. The
measurements were done using a HPGe detector, EG&G Ortec with a resolution of 0.88 keV and 1.90
keV for the 122 keV and 1332 keV peaks of ’Co and %°Co, respectively. As reference materials
Estuarine Sediment, SRM 1646a from the National Institute of Standards and technology (NIST), and
Syenite Table Mountain e STM-2 from the United States Geological Survey (USGS)) were used.

Mineralogical characterization of niobium mining exclusion

The mineralogical analysis of the carbonate samples (n=6) was carried out using X-ray Diffraction
(XRD) for the identification of the minerals present [6]. The diffractograms were obtained using
SmartLab SE equipment, Rigaku brand, operating with a copper tube (wavelength k,1=1.54059A)),
linear detector Dtex Ultra 250.

3. Results and Discussion

Figure 1 shows the results obtained using the X-ray diffraction technique showing the presence of
biotite, calcite, richterite, dolomite and fluorapatite. All samples presented the same diffraction peaks,
indicating homogeneity of the samples in relation to the mineral phases.
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Table 1 shows the element concentrations and the sum of the REE concentrations (Ce, Eu, La, Lu,
Nd, Sc, Sm, Tb and Yb). The concentration of Ba in carbonate is higher than in the analyzed soil,
causing an increase in the concentration of the mixture conditioned with it and in the lettuce plants of
this treatment. However, this element has a concentration below the world average (362 — 580 mg kg
1y and is not essential to plant tissue [7].

In the control soil and carbonate, Mg exhibited elevated concentrations, resulting in lettuce grown in
in this treatment higher in the second harvesting. In the carbonate, As levels were below the detection
limit. Given its toxicity to humans, the permissible value for As in contaminated soil is 2000 mg kg™
that is higher than the value found in the control soil [7].

Zr tends to accumulate more in legumes and trees than in other plant species. In this study, Zr
concentration values in lettuce were found to be higher during the second planting than the first,
surpassing reference values 0.41 - 0.62 mg kg*[7]. The concentration of Ta in the control soil aligns
with global soil standards (1.1 mg kg™), but when the soil is conditioned, the carbonate treatment
exhibits a concentration higher than the global average. Nevertheless, the lettuces analyzed adhere to
the permissible global value (< 1 um kg?) [7].

The presence of rare earth elements (REE) in the soil can also improve the production, quality of
plantations and pest control, with their benefits being observed at different stages of plant growth.
However, their possible health risks are not known [8]. The REE in the soil can alter the availability
of some nutrients for plants, for example the absorption of Ca, Na, Zn and Mn by the plant can be
decreased if the soil has a high concentration of La and Ce. In general, the Brazil soils presents REE
concentrations higher than UCC [7, 9, 10].

The amendment with carbonate contributed to the enrichment of Ca in the soil, due to the presence
of minerals such as calcite, dolomite and fluorapatite. The presence of Ca in soils increases two
important factors in agriculture: pH and exchangeable base levels, which favors plant growth [1, 3].
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Figure 1 Diffractograms obtained for the carbonate samples analyzed in this study
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Table 1 Concentration, in mg kg™ or percentage, for carbonate, soil (S) and lettuce (L) samples obtained by

INAA.
Correcao do texto

Samples As Ba Ca [%] Fe [%0] K [%0] Mg
Carbonate - 30403 + 1594 374+ 04 4.44 + 0.05 16+ 0.1 1379 + 198
S. Control 46+0.1 282 + 13 0.86 + 0.04 2.62 + 0.02 1.03 £ 0.04 5759 + 393
S. Carbonate 51+0.1 1049 + 25 1.17 + 0.03 3.34 £ 0.02 0.80 + 0.03 988 + 52
S. Lime 73+0.1 229 + 13 0.97 + 0.03 3.72 + 0.02 0.58 + 0.04 1594 + 247
L.Control* 0.003 + 0.001 0.47 + 0.04 0.06 £ 0.01  0.000398 + 0.000003 1.18 + 0.02 32+2
L. Carbonate® 0.0008 + 0.0001 3.18 + 0.09 0.108 + 0.001  0.00255 + 0.00001  1.35+ 0.02 43+ 2
L. Lime* 0.008 + 0.001 29+0.1 0.093 + 0.002  0.00386 + 0.00002 2.22 + 0.05 45+ 4
L. control” - 1.0+ 0.1 0.407 + 0.011  0.00072 + 0.00001  2.39 + 0.04 141+ 4
L.Carbonate” - 10.2 + 0.3 0.314 + 0.007 0.00532 + 0.00003 2.16 + 0.03 102+ 5
L. Lime" 0.0035 + 0.0009 6.1+ 0.3 0.266 + 0.004 0.00686 + 0.00003  1.73 + 0.02 75+ 3

REE sum [Ce, Eu, La, Lu,
Samples Mn Ta Zn Zr N, Sc,[Sm, Tb, Yb]
Carbonate 3864 + 25 1.8+ 0.1 - 3021 + 84 10251
S. Control 794 + 5 1.10 + 0.04 66 + 2 739 + 20 345
S. Carbonate 631 + 3 1.75 £ 0.04 84 %2 926 + 11 496
S. Lime 600 + 4 1.65 + 0.03 51+1 798 + 14 255
L.Control* 13.11 £ 0.05 0.00006 + 0.00002  4.19 + 0.07 0.49 + 0.06 0.14
L. Carbonate®  13.72 + 0.07 0.00023 + 0.00007  7.70 + 0.08 0.10 + 0.01 0.23
L. Lime? 26+ 4 0.0018 + 0.0001 4.44 + 0.06 0.39 + 0.06 0.27
L. control” 44.8 £ 0.2 - 3.25 £ 0.03 - 0.04
L.Carbonate” 46 + 2 0.0006 + 0.0001 10.8 + 0.1 0.8+ 0.2 0.45
L. Lime® 16.32 + 0.08 0.0014 £+ 0.0002 11.8 £ 0.1 1.0+ 0.1 0.99

“First crop; ° second crop
S. Soil; L. Lettuce

4. Conclusions

This study evaluated the possibility of using a carbonate niobium residue as agricultural amendment,
whose mineralogical composition include biotite, calcite, dolomite and fluorapatite. This carbonate
isrich in Ca, Ba, Fe, K, Mn, Zr and REE. Carbonate mended soil was increased in the amount of Ba,
Ca, Fe and Ta, when compared to control soil and with soil treated with lime.

Lettuce showed an increase in Ba, Ca, Fe, K, Mg, Mn, Zn and Zr in the second crop, for control and
carbonate treatments. The toxic element As is below the detection limits in carbonate and it was found
in very low concentrations in the plants. The REE were absorbed in higher amounts in lettuce in
second crop of carbonate and lime treatment. Barium, a nom essential element and possibly toxic to
humans presented values relatively high.

By the initial results obtained from carbonate, the application of the mining waste in agriculture
present advantages while still needs to be further evaluated.
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