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Abstract: The results connect the mining industry with agriculture through innovative
biotechnology called “eco-bioleaching”. This technology transforms disused mining resources
(sand from open pit mines, foundry sand) into biohelpers in an ecological way supporting the
restoration of soil structure and features and stimulating of growth and health of plants. The quality
of most of these resources is insufficient to meet potential market demands, so their use is
increasingly rare and they remain as abandoned open pit mines. Here we see the need for a special
innovative technology that increases the industrial value of the deposits and returns them to the
circular economy. Eco-bioleaching of samples based on the activity of naturally occurring microbial
consortia can produce leachate that can be used as a biostimulant/biofertilizer. Such a new
generation of biostimulants/biofertilizers contains beneficial probiotic bacteria, organic acids,
phytohormones, and dissolved micro- and macro-elements from non-metallic raw materials and
wastes. The mined low-grade sands and used raw materials such as foundry sands represent input
material for the biotechnological process and ultimately become part of the soil (earth) again, closing
the cycle with positive effects for the local mining industry and agriculture.

Keywords: quartz sands; foundry sand; bioleaching; biostimulants

1. Introduction

Quartz sand is a product of rock weathering, which is an important part of the rock cycle.
Weathering of quartz-containing rock produces igneous, sedimentary or metamorphic sand (Shaffer,
2006) with a large surface area for the extraction of other elements in the soil.

Quartz/silica sand is used in a variety of products in the glass and foundry industries, as well as
in other industries such as ceramics and construction. The suitability of quartz sand for different
industrial applications is determined by the quality of the sand. High-purity silica sand deposits are
usually mined, while low-quality sand remains in deposits. The waste sand generated as a
consumable in the metal casting industry, known as rejected, spent or scrap foundry sand (SFS), is
usually disposed of in off-site landfills. These low-quality sands or waste sands can be used
economically because they contain elements that are beneficial to infertile soil and stimulate plant
growth.

The main impurity elements in quartz sand are iron, potassium, calcium, sodium and other
elements that are useful to plants. To reduce impurities and improve the quality of raw materials, a
wide combination of treatment methods have been tested, including physical, biological and
chemical methods.

Traditional contaminant removal methods mainly use a combination of physical and chemical
methods to remove contaminants. This includes the use of HF in acid leaching, which is effective but
extremely harmful to human health and the environment. In addition, HF can lead to the loss of ore
resources [2,3]. Strong acids such as hydrochloric acid (HCI) and sulfuric acid (H250s) are also used,
but they are very harmful to the environment and their leachate cannot be used for plant stimulation.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Zhong et al. used organic acids such as oxalic acid and citric acid as leaching agents and
demonstrated that they can increase the efficiency of contaminant removal [4]. Zhang et al. used
phosphoric acid (HsPOs) to remove Fe from quartz minerals [5]. All organic acids are concentrated
and have a low pH below 3 to achieve an optimal leaching rate. In addition, these leaches are not
suitable for plant stimulation after organic chemical leaching. In addition, Suba et al. used a
combination of ecological bioleaching, washing and electromagnetic separation to remove Fe
contaminants as adhesions and within the lattice structure [6]. This method of combining raw
material treatment and bioleaching enables the achievement of appropriate concentrations of organic
acids similar to those produced by weathering of minerals in soil, which support plant nutrition.

Waste sands, such as foundry sand (SFS), can be successfully used in other industries and
applications — such as road construction and asphalt production [7], for the manufacturability of
triaxial white goods [8], and in civil engineering for the production of concrete mortar [9,10]. In
addition, they can also be used in the production of ceramic products [11]. However, regardless of
the specific application, all waste must be checked for appropriate parameters and compared with
waste recycling limits before it can be reused.

Several studies have been conducted on the use of SES as a partial and total replacement for fine
aggregates in concrete. However, the presence of organic contaminants (such as phenols and PAHs)
has a negative impact on the fresh and hardening properties of the concrete. Organic compounds
inhibit consolidation and ultimately lead to lower strength of the solid. Although the sand used in
foundries has a very high content of silica and other elements, increasing the SFS content in the
concrete above a certain level has adverse effects on the concrete due to this organic contamination.
Bioleaching can reduce these contaminants and make the resulting leachates usable as biostimulants.

The possibility of expanding the use of low-value and used raw materials in agriculture through
ecological bioleaching and thus improving the quality of infertile soils is ideal for increasing the
industrial value of deposits and waste and returning them to the circular economy.

Bioleaching is defined as an interaction between microorganisms and an inorganic or organic
phase that causes the solubilization and transformation of solid compounds, producing soluble and
extractable elements in solution [12]. According to Schinner and Burgstaller [13], bioleaching mainly
involves three groups of microorganisms: autotrophic bacteria, heterotrophic bacteria and fungi.
According to the literature, the most effective bioleaching bacteria are Acidithiobacillus and the fungi
Aspergillus and Penicillium [12].

Autotrophic bacteria such as Acidithiobacillus produce leachate with a low pH of 2 and dangerous
sulfuric acid. Mushrooms and champignons, on the other hand, are dangerous because they produce
spores and toxins under unsterile industrial conditions. Heterotrophic bacteria, on the other hand,
represent a more promising and environmentally friendly approach to agriculture. When fermenting
organic sources, they produce harmless and useful organic acids and, in addition to releasing useful
elements, can also break down toxic compounds such as PAHs and phenol. However, research into
bioleaching of quartz sand and foundry sand using heterotrophic soil bacteria is still lacking for
widespread use in agriculture.

The eco-bioleaching technology from ekolive (InnoBioTech®) replicates the natural process of soil
formation through microbial weathering of minerals such as quartz sands or waste. InnoBioTech® is a
patented, EU/ETV-certified ecological process for element extraction and processing of mineral raw
materials and waste. The first of its kind in the world, it is used to enhance natural minerals and
recycle secondary materials/waste for agriculture.

The aim of this study is to compare the elements extracted from low-quality natural quartz sand
and foundry sands such as waste in terms of degradation of PAHs and phenols and to confirm the
production of beneficial metabolites for plants by bioleaching. The research was carried out using a
mixture of probiotic soil bacteria of the genera Lactobacillus and Bacillus.

2. Materials and Methods
2.1. Quartz Sand
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The mined low quality quartz sand (Q) was sourced from north-eastern Croatia (Slavonia). The
chemical composition of the quartz sand is shown in Table 1. The sand consisted of quartz (85-72%),
feldspar (8-6%), mica (4-2%), heavy minerals (1%) and clay minerals (1%). The sampling locations of
Q and SFS are not disclosed as they are part of the Company’s Non-Disclosure Agreement (NDA).

Table 1. Chemical composition of the sand used in bioleaching tests.

Elements (%) Al Si P S Ti \
Input sample Q 5.0933 27.7492 0.0911 0.3001 0.3857 0.0134
Cr Mn Fe Ni Cu Zn Zr Ag LE

0.0032  0.0383 2.1115 0.0009 0.0013 0.0047 0.0103  0.0033  61.9208

2.2. Foundry Sand

The foundry sand samples were obtained from a company in Germany. The chemical
composition of the foundry sand used in terms of elements and organic contaminants is listed in
Table 2 and Table 3. The samples did not contain any dangerous concentrations of toxic metals and
semi-metals, only chromium, with a value of 19,923 mg/kg, exceeded 166 times the limit value of 120
mg/kg according to LAGA Z0 (German waste law) [14] (Table 2).

Table 2. Chemical composition of the foundry sand used in bioleaching tests.

Elements (%) Al Si P S Ti \
Input sample SFS 0.4442 38.9438 0.0508 0.3350 0.0735  0.0206
Cr Mn Fe Ni Cu Zn Zr Ag LE

1.9923  0.0447 0.6397 0.0015 0.0016 0.0031 0.0387 0.0050 57.4016

Table 3. Chemical composition of the foundry sand compared with Landfill Ordinance/Landfill
Simplification Ordinance -DepV- (2009), Status: 2017 (Ordinance on Landfills and long-term storage,
(Class 0, 1, 2, 3, 4 landfill/Deponieklasse 0, 1, 2, 3, 4, DK 0, DK1, DK2, DK3, DK4), Germany).

Limits DK0 DK1I  DK2 DK3  DK4

Parameters Unit ODl:'Vlatl SFS
H value (I-

2po<> C;’a ue 0.7% 104 5513 5513 5513 5513 >13
DOC me/l  30% 72 <50 <50 <80 <100 >100
TOC % 28% 0.64 <0,1 <1 <3 <6 >6
I‘r(r’ls;(t’ln % 15% 13 3 3 <5 <10 >10
51}:;01 mg/1 019 <01 <02 <50 <100 >100
TDS mg/l 308 <400 <3000 <6000 <10000  >10000

2.2. Bioleaching Tests

The sands Q and SFS were dried and homogenized at room temperature prior to laboratory
tests. The different leaching tests were carried out under static conditions for Q and under static and
percolate conditions for SES (Tables 4 A, B).

Table 4. Laboratory tests and leaching conditions for Q (A) and SFS (B).

Laboratory Sarflple Approach of Treatment
tests A weight
TEST 1 9 days bioleaching by media M in static conditions

2 kg
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9 days bioleaching by media M in static conditions in static

TEST 2

5 4 kg conditions
Laboratory Sample
tests B weight Approach of Treatment

2 days Fenton pre-treatment
TEST 1 8 weeks bioleaching and irrigation by media NP during

12kg percolation conditions
TEST 2 8 weeks bioleaching and irrigation by media NP
17 kg during percolation conditions
2 weeks persulphate pre-treatment,
TEST 3 12 kg 8 weeks bioleaching by media NP in static conditions
2 days Fenton pre-treatment
TEST 4 12 kg 8 weeks bioleaching by media NP in static conditions
8 weeks bioleaching by media NP in static aeration
TEST 5 17 kg conditions

Sample Q was split into two samples for bioleaching in medium M (ekofertile® medium, ekolive
s.1.0., KoSice, Slovakia) with a solid-liquid ratio of 1:4 (TEST 1) and 1:1.5 (TEST 2). Prior to bioleaching
these samples, a 10% bacterial inoculation with the ekofertile® biostimulant was performed. ekofertile®
biostimulants contain probiotic bacteria, with the dominant phylum being Firmicutes, which
accounted for approximately 85% of the bacteria identified. Some genera within this phylum, such as
Bacillus and Lactobacillus, are known for their ability to produce plant growth-promoting substances,
including phytohormones and enzymes that facilitate nutrient availability, as well as a variety of
valuable organic acids (lactic acid, butyric acid, acetic acid, amino acids, methanol and ethanol).

The SFS samples were inoculated with a mixture of heterotrophic bacteria of the genus Bacillus
originally isolated from oil-contaminated soil in KoSice (Slovakia). Mixed bacterial strains of the
species Bacillus were isolated from the soil after heating at 80°C for 15 min to kill the non-spore-
forming species. For the experiment, these bacterial strains were grown in nutrient broth No. 2
(Imuna, Slovakia) for 18 h at 28°C. The bacterial cells were then centrifuged at 4000 rpm for 15 min,
washed twice with saline (0.9 wt% NaCl) and added to modified NP (ekofertile® NP-medium, ekolive
s.r.0., KoSice, Slovakia) containing SFS samples at a concentration of 1012 CFU per ml as described
below.

The first and second percolate leaching tests were conducted in flowerpots 450 mm in diameter
and 900 mm in height with 7 L and 9 L of NP medium, respectively. The medium was percolated
very slowly over the foundry sand for eight weeks. The third, fourth and fifth static bioleaching tests
were conducted in 25 L plastic bottles, each test containing 12 kg and 17 kg of sample material and
12 L and 17 L of NP medium, respectively (Table 3B). The 2 kg static leached samples were collected
after two and eight weeks of the third, fourth and fifth tests.

Since the SFS sample contains organic contaminants, it was pretreated with a weak Fenton and
persulfate reaction prior to bioleaching. Citric acid was used as acidifier for the Fenton reaction. The
final concentrations of the acids in the acidified solutions were 24 mN for citric acid [15]. The pH
values 3 of the acidified 2.5-L solutions with additions of 0.5% H20: and FeSOs - 7H20 (50 mg Fex+)
were used for the 12 kg sample. After two days of the weak Fenton reaction, the NP medium was
added to stimulate microbial activity that should lead to further biodegradation of the organic
contaminants.

Several articles deal with the degradation of organic persulfate contaminants in soil; however,
there is no detailed study on the pretreatment of foundry sand. The 12-L volume of the solution
containing 10 g/l Na252:0s and NaOH additives to increase the pH to 12 was used in a batch TEST 3
during 2 weeks of persulfate pretreatment prior to bioleaching.

2.3. Chemical Analysis
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Chemical analysis of the solid and liquid phases of samples Q and SFS was performed using a
portable Vanta X-ray fluorescence spectrophotometer for fast, accurate, laboratory-grade elemental
analysis. Preparation of the XRF sample consisted of drying, followed by homogenization if
necessary. Samples were then placed in a plastic sample cup with a plastic liner. This ensured a flat
surface of the sample that the X-ray analyzer could hold above the X-ray beam. Measurements were
performed in four replicates; concentrations reported are the average of all measurements for the
input sample used in the bioleaching tests.

Organic contaminants (TOC, DOC, phenol index) in the foundry input sand and the leached
solid samples from the different tests were measured by an accredited laboratory (AGROLAB GmbH,
Germany) according to the EPA method for organic contaminants.

Samples Q were subjected to metabolite analysis and chemical analyses of leachates by HPLC
and ICP, performed by Bay Zoltan Nonprofit Ltd. for Applied Research, Department of
Biotechnology BAY-BIO.

3. Results

The elements potassium (K), chlorate (Cl), calcium (Ca), phosphorus (P), sulfur (S), silica (5i),
and other elements present in large amounts in Q and SFS were present in significant concentrations
in the leachates after completion of the bioleaching tests on sample Q (Tables 5-7). The concentration
of the elements K > S > Ca > Fe > Mg > P in the leachates of sample Q was higher than K> Cl > Al > S
> P > Si from the SFS sample because no organic source was added to the medium NP for the SFS
bioleaching treatment to reduce organic contamination. Tables 5 and 6 confirm the stimulating effect
of the organic carbon addition in medium M to support the weathering of silicate minerals during
bioleaching of sample Q and the subsequent higher concentration of element extractions. From Q,
approximately twice the concentration of useful elements for plants and soil was extracted with twice
the amount of sand in the medium (Table 6, TEST 2).

Table 5. Elements concentrations in leachate after bioleaching Q in TEST 1.

Elements (mg/1) Ca Fe P S K Mg
Leachate TEST 1 303 203 17.4 335 1531 85.1

Table 6. Elements concentrations in leachate after bioleaching Q in TEST 2.

Elements (mg/1) Ca Fe P S K Mg
Leachate TEST 2 663 422 30 752 2168 177

Table 7. Average elements concentrations in leachates after 2 weeks bioleaching SFS.

Elements (mg/1) Al Si P S K Cl
Leachate 0.5533  0.2207  0.2583 0.3020  13.7034 2.2196

The addition of the same amount of organic source and twice the amount of sand in TEST 2 also
stimulated the higher production of lactic acid and the decrease in the concentration of organic acids
in the form of acetic and butyric acids and alcohols after bioleaching of sample Q (Tables 8 and 9).
The removal of mineral particles by membrane filtration did not significantly reduce the
concentration of organic acids in TEST 1 (Table 8). However, the organic acids were not detected in
the SFS sample.

Table 8. Concentration of organic acids in leachate after bioleaching Q in TEST 1.

Organic acids (mg/1) LA AC BA M E PR
Leachate TEST 1 13577 1971 2399 4633 1536 3795
Membrane filter: 2 pm 13242 1804 2252 4396 1428 3470
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Membrane filter: 1 pm 12054 1714 2106 4429 1413 3443
Membrane filter: 0.45
pm 13415 1744 2248 4389 1369 3520
Standard deviation 692 115 120 115 71 162

Legend: LA — Lactic acid, AC — Acetic acid, BA — Butyric acid, M — Methanol, E — Ethanol, P — Propanone.

Table 9. Concentration of organic acids in leachate after bioleaching Q in TEST 2.

Organic acids (mg/1) LA AC BA M E PR
Leachate TEST 2 20547 1327 222 1689 0 822
Standard deviation 57 126 314 356 0 68

Legend: LA — Lactic acid, AC — Acetic acid, BA — Butyric acid, M — Methanol, E — Ethanol, P — Propanone.

Element extraction by bioleaching resulted in the decomposition of the aluminosilicate fractions
in Q by the addition of an organic source in medium M and in SFS by fermentation of organic
compounds (TOC, DOC, phenol) during bioleaching. The lower element concentrations were caused
by the organic surface contamination and its subsequent biodegradation during SFS bioleaching
without the addition of an organic source in medium NP (Table 7).

Chromium content in the leachate was not detectable (Table 7). This fact indicates a possible use
of the leachate in agriculture, since the cumulative chromium concentration not analyzed was below
the detection limit that normally occurs in soils. In addition, K, Si, Cl, S and P have a stimulating
effect on plants and are considered essential for plant growth.

However, organic compounds leaching from SES can pose a hazard. For this reason, such use is
only recommended for molding sands that do not contain organic binders or that are regenerated
before reuse, organically removing the SFS. Heterotrophic bioleaching with Bacillus sp. can be used
to degrade organic compounds.

The foundry sand sample examined exceeded the limit values for DOC and phenol index (50
mg/l DOC and 0.1 mg/l phenol index/DK1, DK2, Table 9) with 72 mg/l DOC and 0.19 mg/1 phenol
index.

The limit values for DOC and phenol index (less than 21 mg/l DOC, <0.010 phenol index) were
reached in the leached samples after just 2 weeks in the treatment approaches investigated. Both in
the chemical pretreatment with persulfate (TEST 3) and in the pretreatment with 0.5% H20: and
subsequent static bioleaching (TEST 4) and only in the aerobic bioleaching (TEST 5), the limit values
for DOC and phenol index were already exceeded after just two weeks in the treatment approaches
investigated (Table 10).

Table 10. Chemical analysis of the foundry sand from 3rd, 4th, 5th laboratory test after 2 weeks.

Laboratory tests TEST 3 TEST 4 TEST 5
Parameters Unit Deviation SES
pH 0.7% 10.4 9.5 9.6 9.3
DOC mg/l 30% 72 8.2 18 21
TOC % 28% 0.64 0.58 0.54 0.55
Loss on
irrigation % 15% 1.3 0.85 0.87 1.8

Phenol index mg/1 0.19
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<0,01 <0,01 <0,01
TDS mg/1 308 216 116 220

However, based on the analysis of all batches after eight weeks, the method of mimicking “heap
bioleaching” under percolate conditions ultimately proved to be the most effective, achieving a
concentration reduction to 4.3 mg/l DOC (Table 11, TEST 2). The foundry sand could be treated not
only in the basin, but also on heaps or in silos by irrigation. The result of 4.3 mg/l DOC achieved
under percolation conditions (TEST 2) also made a combination with chemical pretreatment (TEST
1) unnecessary. The biodegradation process alone is sufficiently effective for sample regeneration.

Table 11. Chemical analysis of the foundry sand from 1st, 2nd, 3rd, 4th, 5th laboratory test after 8

weeks.
Limits Test1 Test2 Test 3 Test4 Test5
Devia

Parameters Unit tion SFS

pH 0.7% 104 9.5 8.8 6.9 9.5 9.3
DOC mg/1 30% 72 5.8 4.3 9.2 17 21
TOC % 28% 0.64 0.93 0.92 0.91 1.1 1.3
Loss on

irrigation % 15% 1.3 1.2 1.3 1.2 14 1.9
Phenol index mg/l 0.19 <0,01 <0,01 <0,01 <0,01 <0,01
TDS mg/l 308 16 190 180 180 190

The prolonged (eight weeks) biodegradation process of the pretreated samples under static
conditions, TEST 3, TEST 4 and TEST 5, had only a negligible impact on the subsequent DOC removal
(Table 11). If the TOC and DOC concentrations are already low at the beginning of the leaching
process, it would be cost-effective to recycle the foundry sands by bioleaching and avoid thermal
incineration of waste materials in the future.

The used foundry sand contained DOC concentrations that exceeded the limits for inert waste,
but bioleaching reduced this limit to DKO. In addition, the leachate product after bioleaching no
longer contained any toxic elements - and is therefore usable as an organic stimulant for agricultural
production. The harmful organic substances from the waste sand were removed and the released
PAHs present in the leachate were bacterially degraded after 8 weeks of bioleaching.

Heterotrophic bioleaching reduced the concentrations of S by 87%, Fe by 6%, Si by 13%, Al by
14%, and increased the concentrations of Cr by 4% and P by 125% from the solid SFS sample after
eight weeks of bioleaching. Cl and K extractions were confirmed in the leachate analysis after two
weeks of bioleaching (Table 7), and the extraction or removal of other elements was confirmed by the
solid sample analysis after eight weeks of bioleaching (Table 12). Cl and K ions are extracted from
the surface quartz particles of the SFS into the leachate during DOC utilization.

Table 12. Chemical composition of the foundry sand from TEST 2 of bioleaching after 8 weeks.

Elements (%) Al Si P S Ti \Y
Input sample 0.3805 33.8663 0.1655 0.0421 0.1041  0.0203
Cr Mn Fe Ni Cu Zn Zr Ag LE

2.0742  0.0442 05992 0.0013 0.0017 0.0039 0.0458 0.0032 62.6413
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In the quartz sand sample Q (Table 13), the concentration of the element S decreased by 56%, Fe
by 13%, P by 50%, Al by 18% and the concentration of Ti and Si by 8%. In the solid Q sample, the
concentration increased after a very short period of bioleaching (9 days). Bacterial production of
organic acids from the addition of organic sources stimulated the removal of the element from the
solid samples.

Table 13. Chemical composition of the quartz sand from TEST 1 of bioleaching after 9 days.

Elements (%) Al Si P S Ti A%
Input sample Q 41882 299232 0.0452 0.1314 0.4159 0.0138
Cr Mn Fe Ni Cu Zn Zr Ag LE

0.0039  0.0385 1.8464 0.0005 0.0017 0.0039 0.0112  0.0029 62.6243

The leachate after bioleaching of low quality Q-Sand has been certified as ekofertile® plant
biostimulant because the positive effects on various plants such as strawberries, raspberries, grapes,
potatoes, root vegetables and fruit trees have been confirmed (https://ekolive.eu/agriculture-
en/ekofertile-plant/).

A preliminary plant stimulation test showed that a 2% leachate solution of SFS also stimulated
flax growth and increased seed germination by 79% for a 2% solution and by 68% for a 1% solution
obtained by diluting the leachate after 8 weeks of SFS bioleaching.

The leachate of Q and SFS can be used as a biostimulant for plant growth in diluted form. The
next bioleaching process and the leachate of SFS need to be tested in plant growth stimulants and
analyzed multiple times before being used in agriculture.

4. Discussion

Both mining and agriculture face major sustainability challenges. The mining and treatment of
non-metallic raw materials often involves the use of hazardous chemicals to reduce contaminants,
resulting in environmental pollution. The bioleaching process presented here not only mines low-
quality minerals, but also treats used raw materials in an environmentally friendly way, potentially
producing high-quality biostimulants that benefit plant health.

The underutilization of local primary and secondary resources means that Europe is dependent
on fertilizer imports in agriculture. At the same time, the widespread use of chemical pesticides and
herbicides in agriculture destroys the soil microbiome, reducing the availability of nutrients to plants,
both from soil minerals and added minerals. Farmers commonly use chemical fertilizers that leach
into groundwater, contaminating food and drinking water. With one-third of the world’s agricultural
land already severely degraded, viable alternatives are urgently needed to address the global mineral
crisis and increase food production without chemicals.

The article addresses both challenges for mining and agriculture using a patented biotechnology
(InnoBioTech®) that uses the natural process of microbial weathering of minerals. Two biostimulants
made from quartz sand and silicified coal spoil, ekofertile® plant and microfertile® plant, produced in
this way, are already on the organic farming market. The waste from foundry sands can be used for
further biostimulant production.

Natural mining innovations give mining residues or waste a second life as biostimulants — ideal
for sustainable agriculture and the circular economy. The bacteria dissolve minerals from low-grade
materials and mineral waste, creating leachate that is then diluted to form liquid nutrients suitable
for plants.

When applied to low-quality quartz sand, probiotic bacteria dissolve minerals as impurities,
leaving behind pure, stable silicon dioxide — useful for glass or ceramics, for example. The dissolved
elements (such as iron, manganese, silicon, cobalt and magnesium) provide biostimulating
metabolites for ekofertile® plant, in addition to organic acids and proteins.

ekofertile® plant revitalizes sick plants and increases their immunity to pathogens and their
resistance to high temperatures and drought. It also increases yield while improving the root system
and fruit sugar content.
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microfertile® plant increases chlorophyll and stimulates photosynthesis, while copper proteins
prevent frost damage. The nutrients ensure more buds and leaves, which improves plant quality and
yield.

Tomato yields tripled, abiotic stress resistance increased at temperatures up to 35 degrees
Celsius. Potatoes were larger, infection-free and ready for market two weeks earlier, with yields
increased by up to 50%. Strawberry yields increased by up to 60% without pesticides, with up to
150% more sugar content and commercial profitability already in the first year of cultivation.

Since the presented bioleaching method can be carried out in open basins or tanks and does not
require any bioreactors, the CAPEX costs are very low, the application is scalable, and it does not
require any energy input. The process is also fast: in just four to eight days, about 10 billion active
bacteria are generated per liter of biostimulant.

This bioleaching technology offers a wide range of potential applications and contributes
directly and in multiple ways to the EU Green Deal, with the aim of reducing the use of agrochemicals
by 50% by 2030. Biostimulants help improve food security, sequester CO: through silicate
weathering, renew biodiversity, and revitalize soil.

5. Conclusions

Foundry sands, other mineral waste and low-quality parts of deposits containing low-quality
raw materials such as quartz sands can be used to produce biostimulants that improve soil quality
and stimulate plant resistance and growth.

Chemical analysis showed that the used foundry sand samples contained low concentrations of
organic matter before leaching began. These concentrations were effectively reduced after two weeks
by chemical pretreatment or aerobic bioleaching conditions and after eight weeks by percolated
bioleaching alone. Degradation of harmful organic matter along with extraction of beneficial
elements was confirmed in the leachates. Diluted application of 2% leachate stimulates plant growth
and increases seed germination by 79%. The final SFS products met the limits established for soil
(DKO) and this reclaimed used foundry sand can be reused in geoengineering applications.

6. Patents

WQO2022049239A1 - Ecological release of elements and degradation of organics using
heterotrophic microorganisms out of multiple carrier materials.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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