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Introduction

The mining industry exerts significant and multifaceted impacts on the environment, including landscape degradation, soil and water contamination,
and extensive land use. Among the most critical environmental challenges associated with mining activities is the generation of extractive waste,
commonly referred to as tailings [1]. These materials are produced in large volumes during ore extraction and processing operations. The
characterization and management of extractive waste are essential not only for minimizing environmental risks but also for identifying opportunities
to recover valuable secondary resources [2]. A comprehensive understanding of the physical, chemical, and mineralogical properties of such waste

contributes to sustainable resource utilization and supports regional environmental and economic resilience.

Materials and Methods

The extractive waste, originating from Poland, was characterized as a fine sand-like material generated as a by-product of mining activities. Oxide
concentrations were determined using X-ray fluorescence (XRF), while anions were analyzed using ion chromatography (IC) to assess the

material’'s chemical composition and the metals release in water with ICP-MS and ICP-OES.

Results Rel _ t
. . elease INn water
Oxide concentrations
_ Nr. Type Value Units
Nr. Type Value Units
1 Mo ) 66 1. As 0.010 mg/kg (DW)
(0]
) AIgO o /o 2 Cr 0.010  mg/kg (DW)
(0]
N 23 . /o 3. Al 1.79 mg/kg (DW)
(0]
4. S‘};IC())2 605;357 Yo 4. P 0.24 mg/kg (DW)
(0]
) CZO 0 /o 5. S 2.8 ma/kg (DW)
(0]
' a ' /o 6 Fe 1.16 ma/kg (DW)
6. TiO, <LOD %
/. F 0.77 mg/kg (DW)
- MO, <LOD % 8 of 2.65 /kg (DW
8. Fe,O, 0.51 % o O “os mg/kg (DW)
9. CuO <LOD % 1 O' N02 ) 2 mg/kg (DW)
10. ZnO <LOD % 1 1' P03 LoD mg/kg (DW)
1. Sno, <LOD % 12' so4 o mg/kg (DW)
12. Sb,0, <LOD o, ' 4 - mg/kg (DW)

The waste sample showed a high SiO, content (65.51%). lon chromatographic results indicated low levels of anions, such as fluoride, chloride,
and sulfate. These findings suggest that the material’'s high silica content and low anionic load render it suitable for reuse in cementitious or

construction materials, supporting sustainable waste valorization.

Conclusions

The results of this study represent a significant step toward the sustainable utilization of extractive waste. Incorporating such materials into
cementitious composites offers notable environmental benefits by reducing the volume of waste and minimizing potential soil and water
contamination. Furthermore, the valorization of extractive waste within the region contributes positively to the local economy, supporting both

environmental protection and resource efficiency.
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