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In this study, the usability of the mixtures consisting of lignite coal taken from Tekirdag region and marble and travertine wastes taken from the marble factory in Gumushane region in local bean (Kelkit) cultivation was researched. First, control samples were created using only humus soil without coal, marble, or travertine dust. Then, for each coal or coal waste, coal/coal waste—waste marble dust and coal/coal waste—travertine dust mixtures were formed. These mixtures were obtained by mixing 25%, 50%, 75%, and 100% by weight of coal and 25%, 50%, and 75% by weight of marble and travertine dust. Afterwards, local beans were planted in these mixtures and their development was followed under laboratory conditions. Additionally, temperature and humidity values were recorded at certain intervals, pH and heavy metal analysis measurements were made on the mixtures before and after bean planting, the height and leaf measurement of the beans grown and the number of beans grown in these beans were also followed, and chlorophyll analysis was performed on the bean plants grown in these mixtures. As a result, 50% Coal-3D + 50% Travertine mixture had the maximum length increase, that 25% Coal Waste (Powder)-K3 + 75% Marble mixture had the highest number of beans, and that 50% Coal Waste -AK + 50% Marble mixture had the maximum leaf formation. In these mixtures, maximum 12 beans were grown and maximum 93 leaves were formed. Also, the bean plant was grown in all mixtures. The chlorophyll contents were at least as much as the values of the beans grown only in soil. However, heavy metal values do not exceed the permissible limit values in soil.
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1 INTRODUCTION
Limited mineral resources, the desire for more extraction, and population increases cause an increase in production in the mining sector (Luthra et al., 2022). It is stated that the waste produced by the mining industry is 7 billion tons per year, and according to the latest estimates, 19 billion tons of mining solid waste will accumulate by 2025, and due to its mixed physical and chemical structure, only 20% of this waste can be recycled (Marín et al., 2022).
Marble and travertine-producing countries in the world sell some of their products in the local market and export some to the foreign markets. 30% of the marble and travertine produced in Turkey are exported every year (Erkek and Özdemir, 2011; Adıgüzel, 2019). Since marble and travertine are used in different sizes, the formation of wastes such as blocks, pieces, dust wastes, mud, etc. During the production stage brings along serious environmental problems and these wastes cause the destruction of nature. Especially, the dust caused by the dimensional change of the marble blocks and the storage of these dusts are spread to the environment. Mining activities and subsequent processes, changes in the topographic structure and improper storage of wastes destroy the environment, causing water, soil and air pollution, and as a result, the biological environment and diversity in nature are damaged (Angotzi, 2005; Ashmole and Motloung, 2008; Rizzo et al., 2008). This situation, which causes environmental and soil pollution brings the expenditure of additional costs (Candeias et al., 2019; Galán, 2020; Jawadand and Randive, 2021).
Wastes of different sizes after marble mining cause deterioration on the environment. In particular, type of rock, geology and morphology of the marble quarry, texture and crystal structure of the operated rock, suitability and method of the tool used for the operation create a dimensional difference in the waste (Bağcı and Karataş, 2017). The wastes released in the marble quarry are generally in block size and are called rubble and cause a decrease in efficiency (Metin et al., 2012). Waste with a particle size of less than 2 µm is considered dust in the production process of marble and travertine. It is stated that 90% of the waste marble dust in different sizes are under 200 μm, 70% are under 100 μm and 40% are under 20 μm (Çelik and Tur, 2012). Additionally, the fact that the waste marble dust contains approximately 35%–45% water and is in muddy form causes a change in the precautions to be taken and the disposal methods. It is assumed that in the marble quarrying process, approximately 30% of the stone is released as pieces, and in the production phase, approximately 40% of the stone is released as pieces and dust waste. After that, approximately 60%–70% of the stone coming out of the quarry is evaluated as piece or dust waste (Kızıltepe and Şahin, 2021).
Recycling of mining waste helps to reduce the amount of waste to be disposed of, but it is not enough. New solutions such as the economic recycling and reusing of waste are necessary to ensure sustainability in the mining and metals extraction industries. Even if the waste contains heterogeneous, complex, and reactive mineral mixtures, there are different solution advantages. Marble wastes in block size are used against erosion in large-scale structures, in slopes, bridge abutments, retaining walls, concrete brick (briquette) and gas concrete production, development of geotechnical properties for clayey soils, road construction, aggregate production as raw material in concrete, and in stream improvement against flood hazards and in fight against floods (Aitcin and Mindess, 2011; Sivrikaya et al., 2014; Çavuş, 2015; Ural and Yakşe, 2016; Ghanbari et al., 2017). Waste marble dust is preferred as an alternative product used instead of cement and fine aggregate added to the concrete composition (Lakhani et al., 2014; Sakalkale et al., 2014; Singh and Bansal, 2015). Waste marble dust is also available for the stabilisation of expansive soils (SAYGILI, 2015; Öncü and Bilsel, 2018; Jain et al., 2020; Abdelkader et al., 2021; Abdulla and Majeed, 2021; Waheed et al., 2021; Amena and Kabeta, 2022).
Marble and travertine wastes are widely used in the construction sector in general, in terms of their chemical composition. However, there are also studies that give positive results by evaluating these wastes in different areas. For instance, the acidity of the soil was regulated by fine marble wastes (Tozsin et al., 2015; Fernández-Caliani et al., 2022). In addition, marble and travertine wastes, which are used as a kind of fertilizer and mineral source in agriculture, have shown an environmentally friendly approach to the disposal of lime-rich wastes (CaCO3) by improving acidic and calcium-deficient soils (Thakur et al., 2018). CaCO3, which is an effective method, was used to eliminate or reduce the harmful effects of heavy metal wastes in abandoned mine sites and to prevent damage to the vegetation and biodiversity in and around the mine area (Bade et al., 2012; Beesley et al., 2014; Ahmad et al., 2017; Holland et al., 2018; Benidire et al., 2020; Benidire et al., 2021; Benidire et al., 2022). They also added lime into the soil to increase soil pH (Mylona et al., 2000; Aarab et al., 2006; Potgieter-Vermaak et al., 2006; Kumpiene et al., 2008; Zornoza et al., 2012; Thakur et al., 2018). This increased the soil pH and gave it basic properties, as well as accelerating the development of plants and creating natural carbon dioxide gas to be used as fertilizer (McGrath and Lobell, 2013; Nakata et al., 2014). However, marble and travertine wastes are also used to reduce the sulfate ions activity and neutralize the acidity in remote areas where sulfide mine wastes are usually abandoned, such as acid mine drainage. Thus, these materials have the ability to neutralize acidity and the reaction surface, reduce the impact on the environment and increase agricultural productivity (Simandl and Paradis, 2018; Carrillo-González et al., 2022).
In this context, the usability of the mixtures formed as a result of mixing the dust released in the marble and travertine factory operated in Gumushane region, the low-calorie lignite coal taken from the Tekirdag region and the waste released after its production in certain proportions in local bean cultivation was tried to be revealed. With this study, it was aimed to reuse industrial mine wastes in agriculture. This specific research objectives are:
1. To reveal the usability of the mixtures formed by mixing the dust released in the marble and travertine factory operating in Gumuşhane region, low calorific lignite coal taken from Tekirdag region and the wastes released after production in certain ratios in local bean cultivation.
2. Eliminating or reducing the damages caused by these dusts to the environment.
3. To determine the most suitable mixture ratios that can be used in bean cultivation.
4. Determination of whether the heavy metal values of the prepared mixtures are suitable for use in soil.
5. Determination of chlorophyll content of beans grown in soil mixtures.
2 MATERIALS AND METHODS
2.1 Waste of travertine and marble
Marble and travertine dust waste taken from a marble factory located in Siran district of Gumushane province were not subjected to any processing since they were below 100 μ and were added to the mixtures as they were. Experiments were conducted according to the flow chart indicated in Figure 1.
[image: Figure 1]FIGURE 1 | Supply of materials and preparation of mixture samples.
2.2 Materials of coal
Coal sources are located in Tekirdag, a province of Turkey. Coal samples from 3 different areas and waste from 2 different coal enrichment plants were brought to the laboratory to be used in the experiments. Large sizes of coal samples were first reduced to below −4 cm in a jaw crusher and then grinded to a size of −300 μ by ball milling for 15 min. Waste coal samples were used in the experiments without any treatment. Then, ash [TS ISO 1171 (TS ISO 1171, 2014)/ASTM D7582], moisture [TS 1051 ISO 1015 (TS 1051 ISO 1015, 2001)/ASTM ASTM D7582], volatile matter [TS ISO 562 (TS ISO 562, 2021)/ASTM D7582], fixed carbon (ASTM D3172-13), calories (ASTM D5865/D5865M-19), pH, humic + fulvic acid [TS ISO 5073 (TS ISO 5073, 2022)], organic matter and heavy metals analysis experiments were conducted on the lignite coal used in the study.
2.3 Preparation of mixtures
First, control samples were made using only humus soil without coal, marble or travertine dust. Then, coal—marble dust and coal—travertine dust mixtures were formed for each coal. These mixtures were obtained by mixing 25%, 50%, 75%, and 100% by weight of coal and 25%, 50%, and 75% by weight of waste marble dust. Coal/coal waste—travertine dust mixtures were obtained by mixing 25%, 50%, 75%, and 100% by weight of coal and 25%, 50%, and 75% by weight of travertine dust. The ratios and amounts of the mixtures prepared are given in Table 1.
TABLE 1 | Mixtures quantities.
[image: Table 1]2.4 Methods
These mixtures were mixed homogeneously and placed in pots measuring 14 cm × 17 cm in the laboratory environment and watered with 100 ml of distilled water every 3 days for 15 days. With this irrigation, the mixtures were saturated with water. Additionally, Kelkit bean grains, a local bean type, were left to sprout in humus soil in separate containers. A local bean plant was preferred in order to investigate the usability of these mixtures in agriculture. Then, the sprouting bean grains were planted in mixtures that contain water-saturated marble dust, travertine dust and coal. Planted beans were irrigated with 100 ml of distilled water every 3 days. In addition, temperature and humidity values were recorded at regular intervals. Furthermore, pH and heavy metal analysis measurements were performed on the mixtures before and after bean planting. Length and leaf measurement of the beans grown and the number of beans grown on them were also followed. Finally, chlorophyll analysis was carried out on bean plants grown in these mixtures. Experiments were conducted according to the stages in Figure 2.
[image: Figure 2]FIGURE 2 | Stages of the experiments carried out.
2.4.1 Analysis of pH
Samples taken from each of the mixtures prepared according to the ratios in Table 1 were first diluted with distilled water at a ratio of 1:2.5 to form a suspension, and this suspension was mixed 3 times at 15-min intervals and then left for 15 min to be ready for analysis. Measurements were performed with a Neel brand pH meter, which was calibrated before the analysis. After harvesting of Kelkit beans, pH measurements were also performed on mixture samples taken from plant pots in the same way.
2.4.2 Analysis of heavy metals
50 g samples were taken from each mixture prepared according to the ratios indicated in Table 1 both before planting and after harvesting beans. Heavy metal analyzes of these samples were carried out by using ICP-MS device in Gumustaş Madencilik A.S. The heavy metal values of Silver (Ag), Arsenic (As), Cadmium (Cd), Copper (Cu), Iron (Fe), Antimony (Sb), Lead (Pb), Zinc (Zn) metals that cause soil heavy metal pollution in these mixtures were examined.
2.4.3 Determination of chlorophyll content
Chlorophyll analyses were carried out according to the method of Witham et al. (1971), by harvesting beans in mixtures with healthy bean plants. In the analysis, 0.1 g dried leaf samples were extracted in 80% acetone and centrifuged at 10,000 rpm for 5 min. The supernatant was separated, and the remaining pulp was extracted in 80% acetone until it became colorless. After this, the collected supernatants of the suspension were read on the spectrophotometer at 645 and 663 wavelengths. Chlorophyll a, chlorophyll b, and total chlorophyll amounts were determined according to Eqs 1–3:
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In the relevant formulae; V= Supernatant volume (ml), W = Extracted leaf weight (g), A = Absorbance values of wavelengths.
3 RESULTS AND DISCUSSION
Results of the chemical and physical properties obtained from the analysis of marble and travertine used in bean mixtures are given in Table 2.
TABLE 2 | Chemical and physical characteristics of marble and travertine (Demir Şahin et al., 2022).
[image: Table 2]As seen in Table 2, the content of marble and travertine waste consists of silicon dioxide, aluminum oxide, iron oxide, calcium oxide, magnesium oxide and sulfur trioxide. A large amount (about 52%) of marble and travertine waste consist of calcium oxide. The calcium oxide value of the marble waste is slightly higher than the travertine waste. Additionally, marble waste is thinner and has more specific surface area than travertine waste. However, density of travertine waste is higher than marble waste. Studies in the literature have shown that lime improves soil, eliminates its acidity and calcium deficiency and reduces or eliminates the harmful effects of heavy metals in it (Bade et al., 2012; Beesley et al., 2014; Tozsin et al., 2015; Ahmad et al., 2017; Holland et al., 2018; Thakur et al., 2018; Benidire et al., 2020; Benidire et al., 2021; Benidire et al., 2022). For this reason, the mixtures containing marble and travertine will contribute to the bean plant development and will provide improvements that reduce the effects of heavy metals in the wastes. Results of coal and coal wastes used are given in Table 3.
TABLE 3 | Results of coal and waste analyses.
[image: Table 3]The highest volatile matter content is in Coal Waste -AK in Table 3. Other Coal Waste -K3, Coal-3C, Coal-4B and Coal-3D samples have volatile matter content less than this value. Ash values are Coal-4B, Coal-3D, Coal-3C, Coal Waste -AK and Coal Waste -K3 in descending order. Accordingly, the coal samples taken have higher ash content than waste coal samples. The sample with the highest fixed carbon value is Coal Waste -AK. Humic + Fulvic Acid, from highest to lowest, is Coal Waste -K3, Coal Waste -AK.
Coal-3C, Coal-3D and Coal-4B. It was determined that organic matter contents varied between 36.89%–78.19% and Coal Waste -K3 had the most organic matter content. Lastly, calorific values of the samples are Coal Waste -K3, Coal-3C, Coal Waste -AK, Coal-3D and Coal-4B, respectively.
Temperature and humidity changes during the development of beans planted in the mixtures are given in Figure 3. It was observed that the ambient temperature in which beans were grown was between 19.1°C and 26.7°C, and the ambient humidity values varied between 35% and 64%. These humidity and temperature values are sufficient for the bean plant to grow.
[image: Figure 3]FIGURE 3 | Humidity and temperature of the environment in which the beans are grown.
In Figure 4, it is seen that pH values of the mixtures prepared from mining waste were between 6.3 and 7.8 before the beans planted. When the ratio of the amount of coal in the mixture increased, pH values decreased and were measured below the reference pH value. With the addition of marble and travertine waste to the mixtures, pH values increased again and were generally measured above reference pH values. The lowest pH value of 6.3 was obtained only in the mixture containing Coal Waste -K3; the highest pH values of 7.8 were obtained in 25% Coal-3D + 75% Travertine and 25% Coal-3D + 75% Marble mixtures. The reason for the increase in the pH of these mixtures was due to the high CaO amounts of the marble and travertine used, and the hydrolysis of the carbonate over time. There was not much increase in pH measurement results of the prepared mixtures after bean planting (Table 6).
[image: Figure 4]FIGURE 4 | pH values of the mixtures.
In Table 4, the elongation amount of the beans grown in the mixtures, the proportional elongation of the plant, the number of beans and leaves are given. It was determined that first height values of bean plant were between 9.5 and 57.5 cm, and the final height values were between 9.5 and 257 cm. Depending on these values, it was seen that proportional elongation amount varied between 1.75 and 14.42.
TABLE 4 | Plant height, proportional extension, number of beans and leaves of cultivated bean plants.
[image: Table 4]It was determined that the maximum elongation was in the 50% Coal-3D + 50% Travertine mixture, and it exceeded the reference mixture. Considering the number of beans, it was observed that between 0 and 12 beans were grown in the mentioned mixtures. It was seen that more beans were obtained than the reference mixture in the 25% Coal Waste (Powder)-K3 + 75% Marble mixture, no beans were grown in the mixtures consisting only of coal except for the Coal-4B mixture, and in the remaining mixtures, fewer beans were grown than the reference sample.
When the number of leaves of the grown plants were examined, it was determined that 0–93 leaves formation was observed, the highest leaf formation was in the 50% Coal Waste -AK + 50% Marble mixture and exceeded the number of leaves in the reference sample, and the number of leaves was less in the mixtures with high coal content.
The values of Silver (Ag), Arsenic (As), Cadmium (Cd), Copper (Cu), Iron (Fe), Antimony (Sb), Lead (Pb), Zinc (Zn) metals that cause heavy metal pollution in the soil before and after bean planting are given in Tables 5, 6. Cu, As, Ag, Sb, Cd metals were determined below <0.01 in all prepared mixtures. Pb and Zn metals were measured as 0.01 mg/kg in some coal mixture samples. Fe mineral had values between 0.40 and 2.79 mg/kg. According to Regulation on Control of Soil Pollution and Point Source Contaminated Sites (source to be added), the limit values of Cu, Cd, Pb, Zn are 140, 3, 300, 300 mg/kg, respectively. The World Health Organization (WHO)/The Food and Agriculture Organization of the United Nations (FAO) values of As and Fe are 20 and 50,000 mg/kg, respectively. For Ag and Sb, there are no limit values determined by these regulations and organizations. Accordingly, it was determined that heavy metal values of all mixtures were below the heavy metal limit values allowed in the soil.
TABLE 5 | Analysis of heavy metals and pH of mixtures before planting beans.
[image: Table 5]TABLE 6 | Analysis of heavy metals and pH of mixtures after planting beans.
[image: Table 6]Post-harvest values of Silver (Ag), Arsenic (As), Cadmium (Cd), Copper (Cu), Iron (Fe), Antimony (Sb), Lead (Pb), Zinc (Zn) metals that cause heavy metal pollution in the soil are given in Table 6. Pb, Cu, As, Ag, Sb, Cd metals were determined below <0.01 in all prepared mixtures. Zn metals were measured as 0.01 mg/kg in some coal mixture samples. Fe mineral had values between 0.39 and 4.69 mg/kg.
When the Fe values in Tables 5, 6 are examined, it is seen that the value in the mixture generally decreases depending on the increase in the amount of marble and travertine dust in the mixtures (Figure 5). However, it is observed that the decrease in Fe value is higher in the mixtures with the addition of marble dust compared to the mixtures with the addition of travertine dust. It is considered that this situation is caused by the difference in Fe2O3 contents of marble and travertine dust in Table 2.
[image: Figure 5]FIGURE 5 | Concentration of Fe of mixtures before planting beans.
In the analyses following the harvesting of bean plants, it was observed that there were no serious changes in the Fe values. These metal values are important both in terms of the environment and heavy metal absorption that may occur in the plant, and the low values will allow the use of coal + marble and coal + travertine dust mixtures as soil (Figure 6).
[image: Figure 6]FIGURE 6 | Concentration of Fe of mixtures after planting beans.
As seen in Figure 7, chlorophyll analysis could be performed at the end of the harvest for the mixtures of Coal Waste (Powder)-K3, 50% Coal Waste (Powder)-K3 + 50% Marble, 25% Coal Waste (Powder)-K3 + 75% Marble, 75% Coal-4B + 25% Travertine and 50% Coal-4B + 50% Travertine, but not for the others due to lack of leaves. According to chlorophyll analysis of these mixture samples, chlorophyll a values were generally equal to or higher than the reference sample. Chlorophyll b values of Coal Waste (Powder)-K3 mixture were found to be higher than reference value, chlorophyll values of 75% Coal-4B + 25% Travertine mixture were found to be equal to reference value, and Chlorophyll b values of other mixtures were lower than reference values. The increase in the amount of marble in the mixtures caused an increase in the chlorophyll a value, whereas it did not cause a change in the travertine mixtures. On the other hand, chlorophyll b values generally decreased with the increase in the amount of marble and travertine in the mixtures.
[image: Figure 7]FIGURE 7 | Chlorophyll Concentration in which the beans are grown.
According to the results of pH analysis performed on mixtures consisting of marble, travertine, coal or coal waste, it was determined that pH values were between 6.3 and 7.8, that pH value increased with the increase in the ratio of marble and travertine in the mixtures due to the CaO in the composition of marble and travertine dust, and that results of pH measurements performed on the mixtures after the bean harvest did not change much and these pH values were within the pH range required for growing beans. In addition, CaO contributed to the development of the bean plant; it helped to reduce the effects of heavy metals in wastes and thus a bean that does not harm the environment was grown. However, it was understood that 3 different coal and 2 different coal wastes from Tekirdağ/Turkey region can be used in the agricultural sector due to their Humic + Fulvic Acid and Organic Matter contents. On the other hand, it was understood that 50% Coal-3D + 50% Travertine mixture had the maximum length increase, that 25% Coal Waste (Powder)-K3 + 75% Marble mixture had the highest number of beans, and that 50% Coal Waste -AK + 50% Marble mixture had the maximum leaf formation. In these mixtures, maximum 12 beans were grown and maximum 93 leaves were formed.
It was observed that no beans were grown in the mixtures consisting of only coal, except for the Coal-4B mixture, while beans were grown in the remaining mixtures. It is thought that this is due to the fact that the organic matter content of Coal-4B is lower than that of other coals. It was determined that more leaves were formed in 50% Coal Waste -AK + 50% Marble mixture than in the reference sample, and the number of leaves were less in the mixtures with higher coal content.
As a result of the analyses made in the mixtures for Ag, As, Cd, Cu, Fe, Sb, Lead Pb, Zn metals that cause heavy metal pollution in the soil before and after bean harvest, it was determined that all the mixtures were below the heavy metal limit values allowed in the soil. Thus, it was proved that all mixtures are suitable for use in agriculture since their heavy metal values are below limit values allowed in the soil. When the Fe values were examined, it was understood that the value in the mixture generally decreased due to the increase in the amount of marble and travertine dust in the mixtures, that the decrease in the Fe value was higher in the mixtures with marble dust compared to the mixtures with travertine dust, and this was due to the differences in the Fe2O3 contents of marble and travertine dust. In the analysis after harvesting of bean plants, it was determined that there were no significant changes in Fe values, that these results were important both in terms of the environment and heavy metal absorption that may occur in the plant, and that the low values would allow the use of coal + marble and coal + travertine dust mixtures as soil.
Chlorophyll analysis could be performed at the end of the harvest on Coal Waste (Powder)-K3, 50% Coal Waste (Pow-der)-K3 + 50% Marble, 25% Coal Waste (Powder)-K3 + 75% Marble, 75% Coal-4B + 25% Marble, 25% Coal-4B + 75% Marble, 75% Coal-4B + 25% Travertine and 50% Coal-4B + 50% Travertine mixtures, but not on the others. According to chlorophyll analysis, chlorophyll values of these mixtures were higher or generally equal to the reference sample; chlorophyll b values of Coal Waste (Powder)-K3 mixture were higher than reference value, chlorophyll b values of 75% Coal-4B + 25% Travertine mixture were equal to reference value, and chlorophyll b values of other mixtures were lower than reference values. While the increase in the amount of marble in the mixtures caused an increase in the chlorophyll a value, it did not cause a change in the travertine mixtures. On the other hand, chlorophyll b values generally decreased with the increase in the amount of marble and travertine in the mixtures.
When all the data were examined, it was revealed that the bean plant were grown in the mixtures prepared using coal or coal waste and marble and travertine wastes, and that mine waste could be used in agricultural areas (Figure 8). The effect of marble and travertine dust on the growth and development of the bean plant is because most of their composition consists of CaCO3. CO2 gas, which plays an active role in the growth of the bean plant, helps to release excess water and energy accumulated in the plant’s leaves and contributes to the increase in the growth rate of the plant (McGrath and Lobell, 2013; Bishop et al., 2014; Nakata et al., 2014). The results obtained in this study show similarities to many studies. It was understood that the use of marble and travertine waste in the prepared mixtures in agriculture as a CO2 source causes an increase in the bean plant yield, especially in the bean formation and amount, the number of leaves, and the amount of lengthening.
[image: Figure 8]FIGURE 8 | Mechanistic diagram.
Particularly organic matter and Humic + Fulvic Acid contained in coal or coal waste contribute to soil quality and plant growth. Obtaining better results in the prepared mixtures than the reference mixture is due to this organic matter and Humic + Fulvic Acid in the coal content (Song and Lee, 2010; Peña et al., 2015; Ultra et al., 2022; Bai et al., 2023; Feng et al., 2023; Jayapal et al., 2023; Yin et al., 2023).
It was determined that heavy metal values of all mixtures were below the heavy metal limit values allowed in the soil. Thus, it was understood that heavy metals in the content of the waste would not cause harm to human health, as in similar studies using different mine waste (Chen et al., 2019; Samsuri et al., 2019; Esteves-Aguilar et al., 2023; Jayapal et al., 2023; Nassiri et al., 2023; Tibane and Mamba, 2023; Zhang et al., 2023).
The increase in the amount of marble in the prepared mixtures caused an increase in the chlorophyll a value, while it did not cause a change in the travertine mixtures. On the other hand, chlorophyll b values generally decreased with the increase in the amount of marble and travertine in the mixtures.
In the study conducted by Chen et al. (2019), mining waste first increased chlorophyll a and chlorophyll b values up to a certain rate (5%) and then decreased. This situation reveals that chlorophyll a and chlorophyll b values in plants may differ depending on the type of waste.
In India, marble and mineral dust has adverse effects on plants and vegetation near marble industries. Trees and plants undergo biochemical, physiological and morphological changes due to the reduced amount of chlorophyll in plants due to these dusts, resulting in a 20% reduction in growth (Soni et al., 2017; Iqbal et al., 2022). It has been observed that these effects are seen in mixtures where marble dust is used too much and yields are decreased. However, dust from marble quarries in the Burdur region of Turkey mixes with the surface and ground waters in this region. Then, surface and ground waters are mixed into Lake Burdur and it has been determined that this situation decreases the quality of lake waters (Ozcelik, 2023). Furthermore, marble quarry dust is a significant source of air pollution, but its severity varies depending on factors such as local microclimatic conditions, dust particle concentration in ambient air, particle size and chemistry. Marble quarries produce highly alkaline and reactive dust as they contain limestone. Dust can have physical effects on surrounding plants, such as inhibiting and damaging their internal systems, corroding leaves and cuticles, as well as chemical consequences that can prevent long-term survival. It has long been known that dust from marble quarries around Lake Burdur damages vegetation and reduces crop yields, posing a danger to plant life in industrialised areas. Farmers report that this dust reduces growth, height and number of leaves (Gabarrón et al., 2019). Similar results were observed in this study due to the increase in the amount of marble and travertine dust used.
4 CONCLUSION
The results obtained in this study, in which the effects of the mixtures formed by the preparation of lignite coal and coal waste taken from Tekirdag/Turkey region and marble and travertine waste from the marble factory in Gumushane/Turkey on local Kelkit/Gumushane bean were examined, are given below:
(1) All mixtures are suitable for use in agriculture.
(2) Considering the elongation amount of the beans grown, the proportional elongation of the plant, the number of beans and leaves, it was observed that coal or coal wastes, marble and travertine waste contribute to the development of beans.
(3) Their heavy metal values are below limit values allowed in the soil.
(4) The chlorophyll contents of beans grown in the mixtures containing waste were found to be at least as much as the values of beans grown only in soil.
(5) Thus, it is understood that the damage caused by waste dust to the environment will be eliminated or reduced
According to the results obtained from this study, it was understood that coal, coal waste and marble and travertine waste could be used together in agriculture. Thus, it will help to reduce or eliminate environmental problems caused by mining waste and reduce the storage costs. In addition, mixtures containing coal or coal waste, marble and travertine can be used in restoration (renewal), rehabilitation (improvement) and reclamation works to be carried out after mining activities. Kelkit beans are widely cultivated in the Gümüşhane region and are a registered product in Turkey. The best mixture ratios obtained as a result of the study will be applied in the field. In addition to this, it is suggested that researchers who will study on this subject work on different types of coal, different types of marble and travertine waste and different plant species and use these mixtures in the rehabilitation and restoration stages of abandoned areas.
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