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ABSTRACT

	Waste generated during gold ore processing often contains toxic substances such as heavy metals like lead and chemicals (cyanide, acids). If not properly controlled, these components can contaminate/pollute soil and ecosystems.
The objective of this study is to assess the degree of soil and groundwater contamination around a mining laboratory where chemical and metallurgical analyses are carried out. The main sources of contamination identified come from lead smelting (“Fire Assay”) and aqua regia digestion activities, which generate solid waste and liquid effluents rich in heavy metals and acidic substances.
To carry out this assessment, soil, wastewater, and groundwater samples were collected inside the laboratory. The samples were analyzed to determine the presence of heavy metals such as lead, as well as physical and chemical parameters such as pH and conductivity.
The results of the physical and chemical parameters of wastewater from basins A and B indicate high acidity ranging from 1.87 to 2.57, an average temperature of 26 °C, and high mineralization due to high electrical conductivities exceeding 2000 μS/cm. RFX analysis shows a high presence of heavy metals, lead (3435.49 ppm), chromium (439.21 ppm), arsenic (155.59 ppm), and strontium (1066.13 ppm), illustrating significant soil contamination, particularly in areas where solid residues (cups, crucibles, slag) are stored in the open air. Chemical analysis of groundwater reveals that it is of good quality and meets WHO standards.
This study highlights the environmental impact of current waste management practices in laboratories and emphasizes the urgent need to implement pollutant treatment solutions to limit the spread of contaminants in the environment.
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1. INTRODUCTION 

In the current context of sustainable development, waste management represents a major challenge for research institutions and economic actors. The BUMIGEB (Burkina Faso Bureau of Mines and Geology) finds itself at the crossroads between mining, environmental protection, and compliance with regulatory standards. While the mining sector plays a crucial role in the national economy, it also has worrying environmental consequences. The waste generated during this process often contains toxic substances, including heavy metals and harmful chemicals. These elements, when not properly managed, can have disastrous repercussions on major environmental matrices, particularly soil and water resources. (Bharat, Singh, and Mahato., 2024; El-Sharkawy et al., 2025; Vendrell-Puigmitja et al., 2020)
The issue of mining waste management is of paramount importance in a world where pressure on natural resources is increasing. The toxic substances contained in this waste can contaminate soil and groundwater, endangering not only biodiversity but also the health of human populations that depend on these ecosystems. Aquatic ecosystems, often on the front line of this pollution, suffer long-term degradation that threatens food chains and essential ecosystem services. The degradation of water quality, for example, can lead to health crises, directly affecting the daily lives of local populations and undermining sustainable development efforts. (Marzluff et al., 2008; Kim et al., 2008; Kamagate et al., 2025)
In an increasingly strict regulatory environment, it is crucial for the laboratory, as well as other research laboratories, to adopt practices that comply with local and international legislation. Failure to meet these obligations can result in severe financial and legal penalties, while damaging the reputation of the institutions involved, and even leading to the withdrawal of international accreditations. Furthermore, improper waste management can hinder scientific progress by impeding research and innovation in key areas such as pollution control and sustainable resource management. (Ja 2023; Tong et al., 2024; Firincă et al., 2025).
The laboratory uses fire assay to extract and concentrate gold (and other precious metals such as silver and platinum) from ores or solid samples. This method relies on the use of lead as a collector of precious metals and on thermal reactions that enable the separation of unwanted elements. It is particularly valued for its accuracy and its ability to analyze very low gold contents. However, this method generates many pollutants that affect humans and various environmental matrices.
As a result, it is imperative to develop and implement sustainable waste management strategies for gold ore processing. These strategies must not only aim to minimize waste production, but also ensure its efficient and safe treatment, taking into account regulatory requirements. (Nations and Pollution, 2015; Rodríguez, 2020; Wang et al., 2025). BUMIGEB must therefore consider innovative approaches to waste management and decontamination, thereby preserving the environment while ensuring the sustainability of natural resources. This involves adopting clean technologies, optimizing treatment processes, and implementing rigorous monitoring and evaluation systems.
The aim of this work is to explore the different strategies that can be implemented within the BUMIGEB laboratory to achieve sustainable and efficient management of waste from gold ore processing. Through an in-depth analysis of the current situation, we will first identify the types of waste, then the degree of pollution of the matrices, and finally best practices and possible innovations, while taking into account economic, environmental, and social issues. By approaching this topic from a multidimensional perspective, we hope to contribute to the development of concrete recommendations aimed at improving mining waste management and supporting sustainable development in Burkina Faso.

2. material and methods 

2.1 Types of waste
2.1.1 Solid waste
Fire assay activities generate significant amounts of solid waste, including crucibles, pots, and slag. This waste is directly linked to the analysis process and contains metallic, mineral, or glassy residues that may include heavy metals. Although stored in a dedicated area, this solid waste is exposed to the open air and in direct contact with the ground (Fig.1), increasing the risk of contamination.
[image: ]
[bookmark: _Toc193604942][bookmark: _Toc196128111]Fig.1. Solid waste storage site

2.1.2 Liquid effluents
All liquid effluents resulting from laboratory operations are collected in basins.
Fig. 2 shows one of the two wastewater retention basins.

[image: ]
[bookmark: _Toc193604944][bookmark: _Toc196128113]Fig.2. Wastewater retention basin
[bookmark: _Toc197081440]
2.2 Sampling methodology
2.2.1 Wastewater from the basin
The analysis of wastewater samples meets the need to determine the composition of the liquid effluents discharged by the laboratory. Samples were therefore taken and analyzed in the laboratory using analytical techniques.
Using a stick, we homogenized the wastewater in the basins and then took the samples. The samples were placed in 1 L bottles, clearly labeled, and sent directly to the laboratory for analysis of their physical and chemical parameters. For metal analysis, all samples were collected and stored in the laboratory.
Samples were taken from the two ponds, named A and B, once a week for four weeks. Thus, a total of eight (8) wastewater samples were collected.

2.2.2 Drilling water
The analysis of drilling water samples meets the need to determine the potability of groundwater at BUMIGEB and ONEA (National Office for Water and Sanitation). Samples were taken and analyzed in the laboratory using analytical techniques. Sampling took place over three months (November, December, and January) to ensure consistency of results. All samples were taken during the same period. Two samples were taken in each of the months of November and December, for a total of four. At the beginning of January, a final sample was taken, bringing the total to five.

[bookmark: _Toc197081441]2.2.3 Soil 
Soil sample analyses are necessary to determine soil contamination by measuring the concentration of certain heavy metals. All samples were taken on the same day but at different locations within the storage site for solid waste from lead smelting. The sampling method used in this study was selective sampling, which enabled us to collect 15 samples from the study area and one reference sample.

2.3 Laboratory analysis methodology
The analysis method used in the laboratory to conduct this study is the multi-element analysis method. Table 1 illustrates the different parameters to be determined.

Table 1. Parameters measured
	
	Parameters

	
Physicochemical parameters
	Temperature 
pH
Conductivity 
Turbidity 

	
Nitrogen pollution parameter
	
Nitrites
Nitrates

	Metals  
	Total lead, total cadmium, total chromium, total arsenic, total copper, total aluminum, total iron, total zinc, total nickel, etc.



[bookmark: _Toc197081444]2.3.1 Analysis of wastewater and borehole water 
The metals in the wastewater samples from the laboratory basins and borehole water were analyzed using ICP-OES (Inductively Coupled Plasma - Optical Emission Spectrometry). A multi-parameter device was also used to measure the physical and chemical parameters of the water.

2.3.2 Analysis of soil samples
The analysis of soil samples taken from the storage site for waste from the “Fire Assay” within BUMIGEB was carried out using the XRF analysis method.

[bookmark: _GoBack]3. results and discussion

3.1 Wastewater 
3.1.1 Physicochemical parameters 
Table 2 presents the results of the analysis of the physicochemical parameters of the samples taken from basin A (BA) and basin B (BB).
Table 2. Results of the analysis of the physicochemical parameters of the wastewater
	Sample
	pH
	T(°C)
	Conductivity
(µS/cm)
	Turbidity
	Nitrites
(mg/L)
	Nitrates
(mg/L)

	Sample A

	BA1
	1.87
	25.8
	12520
	1.14
	3.76
	351.9

	BA2
	1.94
	25.4
	11970
	0.64
	6.48
	457.1

	BA3
	1.91
	26.2
	11970
	1.07
	6.90
	458

	BA4
	1.99
	25.9
	11700
	0.87
	6.20
	246.7

	Sample B

	BB1
	2.34
	25.9
	3280
	2.25
	3.58
	335.9

	BB2
	2.37
	25.6
	3110
	1.43
	3.84
	327.3

	BB3
	2.57
	25.9
	2668
	1.17
	4.20
	228.2

	BB4
	2.44
	25.6
	2853
	1.39
	4.77
	442.6



[bookmark: _Toc184204005]Analysis of the results in Table 2 shows low pH values, ranging from 1.87 to 2.57 in both ponds. This indicates a highly acidic environment. This parameter influences a large number of physical and chemical balances and may be due to activities related to lead smelting (Mabowa et al., 2024). The temperature values in the basins do not vary and are between 25 and 26.2 °C. These results show that the temperature values in the storage basins do not exceed the recommended standard of 30 °C. The electrical conductivity values vary between 2853 and 26680 µs/cm for basin A, and between 3110 and 11970 µS/cm for basin B. Conductivity is used to determine the ability of water to conduct electricity. It can be used to assess the number of dissolved salts in the water and to check for pollution in the water (Mkhohlakali et al., 2024). The results of the electrical conductivity analysis in both basins greatly exceed the recommended standard [2000 µS/cm]. Therefore, they are characterized by very high mineralization. This also presents high levels of metallic elements. Similar results have been reported by Koomson et al. on fire assaying of gold. (Koomson et al., 2020)
Low turbidity for both basins, as confirmed by the clear appearance of the wastewater samples. These results also show high nitrate values, indicating a high presence of mineral salts, while nitrite values are low. This indicates low bacterial activity, which is due to the presence of oxidizing agents such as lead oxide in the wastewater. Many similar studies have been reported on the impact of oxidizing molecules in discharges. (Robles-Martínez et al., 2000; Gilmour et al., 2022)

3.1.2 Metal parameters
The results of the metal content studies are presented for each sample. We have recorded the average concentrations for each metal analyzed in the water by sampling campaign (SC). The levels obtained are listed in Table 3 for basin A and Table 4 for basin B.

Table 3. Results of metal measurements in basin A in ppm
	Metal (ppm) 
	BA1
	BA2

	BA3
	BA4
	WHO standard/Burkina Faso

	As
	155.59
	48.04
	79.04
	109.18
	0.4

	Ba
	68.3
	43.88
	58.41
	76.28
	

	Be
	0.011
	0.017
	0.014
	0.012
	

	Cu
	251.21
	220.31
	334.21
	 433.65
	

	Ce
	32.06
	26.32
	31.19
	38.72
	

	Co
	22.17
	19.46
	21.93
	28.88
	

	Cr
	439.21
	277.89
	373.22
	488.52
	

	Fe
	70993.42
	50718.55
	68210.1
	88381.3
	

	Ga
	75.27
	59.13
	70.94
	88.85
	

	Ge
	162.95
	114.42
	128.33
	139.48
	

	Nb
	11.32
	9.57
	9.1
	12.39
	

	Nd
	17.19
	12.35
	15.58
	18.17
	

	Pb
	3435.49
	2458.65
	3462.89
	3931.67
	

	S
	588994.71
	447490.1
	577821.83
	665171.20
	

	Sr
	1066.13
	838.51
	1039.24
	1189.73
	

	Zn
	0.998
	1.431
	2.031
	1.7
	

	Cd
	0.0032
	0.0016
	0.0047
	0.0041
	




Table 4. Results of metal analyses for basin B in ppm
	Metal (ppm)
	BB1
	BB2
	BB3
	BB4
	WHO standards /Burkina Faso

	As
	37.69
	40.75
	39.45
	42.24
	1

	Ba
	374.11
	379.18
	379.97
	267.39
	

	Be
	0.01
	0.008
	0.01
	0.01
	

	Cu
	306.41
	294.31
	251.29
	139.89
	0.6

	Ce
	6.14
	5.84
	4.4
	3.21
	

	Co
	8.26
	9.62
	6.9
	6.96
	

	Cr
	118.63
	119.21
	103.5
	55.63
	0.1

	Fe
	2434.09
	3496.6
	2919.3
	1430.3
	206.0

	Ga
	0.07
	2.29
	2.48
	1.5
	

	Ge
	115.24
	17.82
	130.42
	90.49
	

	Nb
	2.29
	3.11
	2.48
	3.84
	

	Nd
	2.03
	2.61
	2.49
	3.09
	

	Pb
	708.35
	670.17
	565.49
	353.6
	0.5

	S
	13000.16
	21534.02
	18483
	18121.5
	

	Sr
	761.41
	740.79
	726.79
	506.17
	

	Zn
	0.55
	1.75
	1.37
	0.83
	1.2

	Cd
	0.0021
	0.0009
	0.00016
	0.00064
	



Table 3 shows high concentrations of metals such as lead, iron, arsenic, copper, and chromium. These results are consistent with the activities carried out in the laboratory.
The metals measured are found in both basins. The values in basin A are mostly higher than those in basin B (Table 4), such as iron, lead, and copper, because basin A receives discharges from the biochemistry laboratory where minerals in solution are measured. The measurement of metals requires reagents and standards that also contain metals. The differences in results over time, i.e., between the first and fourth samples, can be explained by the activities taking place during sampling, as the discharges may contain very high concentrations of certain metals, thereby influencing the concentration in the basin into which they are discharged. 
[bookmark: _Toc197081448]  
3.2 Drilling water
3.2.1 Physicochemical parameters
The results of the analysis of the physicochemical parameters of the drilling water from BUMIGEB (BS, BC, BR, and BE) and ONEA (O) are shown in Table 5.

Table 5. Results of the physicochemical parameters of the drilling water
	Sample
	pH
	T °C
	Conductivity
(µS/cm)
	Turbidity 
	Nitrites
(mg/L)
	Nitrates
(mg/L)

	BS
	6.80
	25.20
	250
	0.54
	0.05
	7.46

	BC
	6.80
	24.80
	240
	0.6
	0.05
	7.51

	BR
	7.00
	24.90
	215
	0.6
	0.05
	7.49

	BE
	6.90
	25.00
	265
	0.5
	0.05
	10.18

	O
	7.30
	25.00
	80
	1.24
	0.05
	1



The pH values recorded in Table 5 indicate an average value of 6.96, meaning that the water from the BUMIGEB borehole is slightly acidic, which could be due to the presence of sulfate ions (). Conductivity is unlimited, and the values found show that the water from BUMIGEB is fairly mineralized, with conductivities ranging from 200 to 265 µS/cm, while the water from ONEA has much lower values (70 to 85 µS/cm). This is consistent with the fact that groundwater is known to naturally contain high levels of minerals. (Kjøller, 2004; Sidibé et al., 2019 ; Abaï et al., 2024)

Figs. 3 and 4 show the average nitrate and nitrite levels in borehole water, respectively.

Fig. 3. Average nitrate results

Fig. 4. Average nitrite results

The nitrate and nitrite values obtained for the five samples clearly show that the values obtained are well below the WHO reference value (50 mg/L). 

3.2.2 Metal parameters
Table 6 presents the results of analyses of the metal parameters in the drilling water.

Table 6. Results of metal analyses of the drilling water
	Parameters
(mg/L)
	BS
	BC
	BR
	BE
	O
	WHO standard: mg/L

	Ca2+
	26.45
	27.25
	26.45
	20.04
	12.02
	

	Mg2+
	16.01
	16.50
	15.04
	31.56
	2.42
	

	 
	0
	0
	0
	0
	0
	

	
	0.05
	0.05
	0.05
	0.05
	0.06
	3

	
	7.46
	7.56
	7.57
	10.31
	1.00
	50

	
	0
	0
	0
	0
	0
	

	
	141.52
	141.52
	126.88
	124.44
	48.80
	

	
	0.20
	0.20
	0.20
	0.20
	0
	

	
	3.00
	3.00
	2.00
	1.00
	0
	

	Cl-
	0
	0
	0
	0
	1
	

	F-
	0
	0
	0
	0
	0
	1.5

	Fe2+
	0.10
	0.08
	0.03
	0.02
	0.02
	

	SiO2
	0
	0
	0
	0
	0
	

	Mn
	0
	0
	0
	0
	0
	0.4

	Cu2+
	0
	0
	0
	0
	0
	2

	Na+
	18.04
	23.13
	18.34
	14.10
	18.08
	



The values observed in BUMIGEB water (Table 6) for sulfates in the range of 2 to 3 mg/L, compared to a total absence in ONEA water, are acceptable since there are no guideline values proposed on the basis of health considerations.
Phosphates are naturally occurring elements in groundwater. Their concentration in BUMIGEB water is very low (around 0.20 mg/L) and therefore poses no risk.
Classified as low-carcinogenic to humans, chlorides are best known for their ability to affect the taste and smell of water. Experiments on humans and animals have shown no toxic effects with high levels of chlorinated water (up to 50 mg/L). BUMIGEB water does not contain chlorides. 
There are no fluorides in the samples analyzed. As one of the most closely monitored chemicals in groundwater in terms of public health, their absence is a cause for relief. 
[bookmark: _Toc197081449]BUMIGEB water contains trace amounts of iron. It should be noted that copper in water is usually associated with the corrosive action of water, which releases it from copper pipes. The WHO sets the guideline value at 2 mg/L. Copper gives water an unpleasant color and bitter taste. Iron and manganese also give the water an unpleasant taste (Vargas et al., 2010). 
High levels of sodium in water can be harmful to individuals on a low-salt diet. The values obtained for BUMIGEB water are close to those for ONEA water (between 15 and 20 mg/L). These data are acceptable since the WHO has no guideline value but sets the detection threshold for this salt in water at around 200 mg/L.

[bookmark: _Toc196128133]3.3 Soil
The results of the variation in the concentrations of the metals studied are presented for each sample. We recorded the concentrations for each metal and calculated the average. The concentrations obtained are listed in Table 7 for the soil analysis.

Table 7. Results of soil metal analysis
	Sample
	Mode
	Si (ppm)
	Si +/-
	Pb (ppm)
	Pb +/-

	S1
	Geochem.
	229751.615
	776.86
	1188.78
	7.29

	S2
	Geochem.
	177874.3
	558.54
	629.91
	4.14

	S3
	Geochem.
	152241.83
	527.605
	1100.825
	6.145

	S4
	Geochem.
	198188.885
	609.74
	763.8
	4.935

	S5
	Geochem.
	130783.95
	555.7
	28073.245
	105.26

	S6
	Geochem.
	156434.915
	575.465
	6772.6
	25.065

	S7
	Geochem.
	151465.09
	558.775
	3397.49
	14.16

	S8
	Geochem.
	155599.79
	508.535
	515.18
	3.815

	S9
	Geochem.
	161840.295
	544.545
	3249.855
	12.77

	S10
	Geochem
	161465.27
	530.69
	1709.435
	7.835

	S11
	Geochem
	154419.48
	524.35
	7595.445
	25.4

	S12
	Geochem.
	158707.19
	518.77
	341.905
	3.05

	S13
	Geochem.
	161347.96
	521.075
	1109.775
	5.85

	S14
	Geochem.
	140226.03
	469.47
	1215.54
	6.5

	S15
	Geochem.
	141235.34
	501.27
	1222.81
	6.695

	S16
	Geochem.
	168276.77
	528.83
	198.58
	2.32



The values observed in Table 7 in the soil analysis for metals contained in fluxes, particularly lead and silica, are slightly more significant.
Fig. 5 illustrates the lead concentrations in each soil sample after analysis.


Fig. 5. Average lead results

In terms of the results obtained for lead, the values range from 341.905 ppm to 28073.245 ppm, which is far above the limit of 2,500 ppm authorized in Burkina Faso for industrial use, indicating pollution of the waste storage area. Similar results have been reported by several authors (Cerceau et al., 2016; Baieta et al., 2022). As there are currently no soil quality standards for silica, it will be considered neutral for the time being. Also, Chaturvedi et al. (2022) reported similar results regarding the contamination of environmental matrices by heavy metals from mining, agriculture, and the nuclear sector.



4. Conclusion

Waste from mines and mining laboratories is a major concern if we want to prevent potential environmental and health damage that could result from poor management. This study contributes to the effective management of this waste within a mining laboratory. It is within this framework that a methodology focused primarily on sample analysis has been developed. It has made it possible to characterize the various types of waste in question. The study of physicochemical parameters shows a high presence of mineral elements in basins A and B with acidic pH values (1.87-2.57), an average temperature of 26°C, and electrical conductivity exceeding 2000 μS/cm, reflecting the high mineralization of the environment.
Chemical analysis of the metals showed a high presence of heavy metals (Pb, As, Sr, Cr), which is effectively due to discharges from laboratory handling. 
Analysis of water from boreholes (BUMIGEB and ONEA) showed that the water quality was good and that there was no contamination. Analysis of soil samples taken near the laboratory showed high lead levels ranging from 341.905 ppm to 28073.245 ppm, indicating contamination due to the storage of crucibles from lead smelting.
It is therefore appropriate to consider how to treat these crucibles in order to meet the Millennium Development Goals and comply with sustainable development and environmental protection objectives.
In addition to treating these wastes, solutions have been proposed and recommendations made to remedy this poor waste management. Although theoretical, these recommendations offer much better prospects in terms of protecting the environment and matrices (water, soil) and also offer the best cost-effectiveness ratio.
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