



ASSESSMENT OF THE IMPACT OF SOLID URBAN WASTE MANAGEMENT ON THE GROUND OF A LANDFILL: CASE OF THE BONOUA LANDFILL (IVORY COAST)
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ABSTRACT
Environmental protection has become a collective concern since 1990 and the issue of waste management has become an essential aspect to take into account due to population growth. According to the European Environment Agency, poor management of solid waste leads to the degradation of the natural environment (soil, surface water, groundwater and air, etc.) and the quality of life. The general objective of this work was to assess the impact of solid urban waste management on the soil of the Bonoua landfill. Data collection consisted of three joint activities, namely a field visit, the collection of three soil samples and three leachate samples. The samples were taken on the landfill site and interviews with ANAGED and Bonoua Town Hall were carried out. Analyzes carried out made it possible to detect the presence of trace metal elements (TME) in the various soil and leachate samples. The pH values determined are respectively acidic and basic for the leachate and the soil. These pH values respectively demonstrate young leachate with the average pH value greater than 7. The interviews showed that solid waste management in Bonoua is not completely mastered due to inadequacies in terms of equipment and of adequate infrastructure despite state funding. More in-depth analyzes of the different forms of ETM detected would be even more interesting.
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1. INTRODUCTION 
Environmental protection has become a collective concern since 1990 and the issue of waste management has become in the mentality of structures in charge of the Environment, an aspect to be taken into account due to demographic growth. Most countries recognize that ecological waste management is an issue of great concern. The French laws of 1975, then of 1992, imposed the total disappearance of municipal landfills, favored the establishment of treatment sectors and no longer tolerated other deposits than technical landfill centers reserved only for final waste at the end of its term. maximum of July 1, 2002 [1]. In emerging economies as well as in industrialized countries, waste management is an important factor in the protection of human health and the environment. Today, solid waste management is the result of a large number of factors and requires serious and constant attention. Poor management of solid waste leads to the degradation of the natural environment (soil, surface water, groundwater and air, etc.) and the quality of life. Almost all cities are faced with the phenomenon of waste management. The issue of waste is daily and affects every individual both professionally and at home [2]. Everywhere in Africa, waste management is dependent on lifestyles, the population explosion in urban areas, the lack of adequate policy and the insufficiency of appropriate structures. Rapid urbanization is one of the major characteristics of third world countries. Strong urban growth can be explained by various factors. Indeed, the speed of urban growth in Africa is due to the conjunction of a natural surplus and powerful immigration, whether directly from the countryside or via small towns. Despite the various environmental policies, Côte d'Ivoire remains faced with this problem of ecological management of waste produced by its population. Since 1956, waste management was limited only to Abidjan until the beginning of the 2000s. Taking into account the waste management of other cities began after the problem of toxic waste dumped in the commune of Commune de Cocody at the Akouédo dump. Ivory Coast is experiencing rapid urbanization. From 39% in 1988, it rose to 49.7% in 2014 [4]. The dynamics of urbanization have gradually put pressure on waste management mechanisms such as garbage collection and deposit systems, while its sustained pace makes the necessary adaptations in this area difficult [3]. This results in the degradation of the urban environment [5]. 3 Waste management currently boils down to pre-collection, collection, transport and landfill in Côte d'Ivoire. The commune of Bonoua, located 60 km from Abidjan, is not left out. Indeed, the waste produced by the development of this municipality is a headache for the local leaders. The omnipresence of waste in the streets of the city has a negative impact on the environment and the living conditions of populations. It is within this framework that the present study entitled “Evaluation of the impact of the management of solid urban waste on the land of a landfill: case of the Bonoua landfill” fits. The general objective of this work is to evaluate the impact of solid urban waste management on the soil of the Bonoua landfill. More specifically, this will involve taking stock of the city's solid waste management, identifying the different types of waste and quantifying them and determining the causes of dysfunction and the related environmental impacts.
2. material and methods 
2.1. Data gathering
Data was collected from the various works, dissertations, theses and reports available in the libraries of NANGUI ABROGOUA University and on the internet. This documentary research focused on general and specific works and articles addressing the issue of environmental management and waste management. 18 2.2.1. Data collection Data collection was carried out in the period from April to May of the year 2022. It consisted of three joint activities, namely: the field visit, soil and leachate sampling. , conducting interviews with the various waste management structures and Bonoua town hall.
2.2. Field visit
Visits were made to the neighborhoods of the commune of Bonoua to understand the level of proliferation of solid waste in these neighborhoods. They were carried out with the aim of listing landfill areas (formal and illegal) and measuring their impact on the environment and public health. Observations made on the state of the neighborhoods, garbage bins and bins also provided additional useful information for the rest of the study.
2.3. Interview with waste management stakeholders 
The purpose of the interviews is to collect the different opinions and suggestions from stakeholders in these municipalities and ANAGED on the difficulties encountered in their waste management method. The actors interviewed during this specific survey are the heads of the technical services of the different solid waste management structures.
2.4. Sampling 
The Bonoua town landfill is located on the site of the town cemetery which covers an area of 10 ha. The landfill occupies part of the cemetery and receives between 73,000 and 83,950 tonnes of waste per year (Figure 1). The landfill is operated by zone. When an area is saturated, it is abandoned so that the waste can decompose properly. Another zone therefore receives the waste until saturation. We took soil samples from the abandoned area where it is possible to see the soil. The coordinates of the sampling points are given in Table I. The samples are taken at a depth of between 0 and 20 cm. The leachate was thus taken from the operating area where the leachate was found stagnant on the surface of the waste. The sampling was done randomly. The coordinates of the sampling points are presented in Table 2. Three soil and leachate samples were used for this study. The soil samples were air dried for two weeks before analysis. The in-situ parameters (see figure 1) of the leachates were determined before their stabilization using 0.3 M nitrite acid. They were then transferred to the laboratory for analysis. The samples were analyzed at the Laboratory of Industrial Synthetic Processes, Environment and New Energies (LAPISEN) of the INP-HB in Yamoussoukro.
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Figure 1: Landfill in the town of Bonoua

Table 1: Soil sample collection points.
	Samples
	S1
	S2
	S3

	X Coordinate
	435972
	435966
	435991

	Y Coordinate
	583439
	583505
	583591



Table 2: Leachate sample collection points
	Samples
	L1
	L2
	L3

	X Coordinate
	435938
	435976
	435954

	Y Coordinate
	583455
	583518
	583541


2-5. Processing and analysis of survey data
Processing the qualitative data first consisted of transcribing all of the interviews conducted and entering them into Microsoft Word. This approach made it possible to have a corpus by type of actors encountered. Data processing continued with the coding of the entire corpus. Thus themes/categories were identified and described on the basis of the data collection tools and the elements of analysis that emerged during the interviews. The transcribed data were analyzed using the content analysis method. This analysis was used to make thematic syntheses taking into account the research questions and the objectives pursued while minimizing possible cognitive and cultural biases. This method makes it possible to collect and analyze several elements: sociocultural and economic norms, community influences and individual or community factors which negatively or positively influence the practice of sanitation in the town of Bonoua. It has nothing in common with a discussion in which we let ourselves be carried away by the inspiration of the moment [6]. The objective is to collect as much information as possible to analyze.
2.6. Determination of physical and chemical parameters
2.6.1. pH 
The pH of the leachate was determined on site using a HANNA HI 8010 type pH meter. The pH meter probe was introduced into the leachate samples. The pH value was obtained after stabilization. The pH of the soils was also determined. The pH is determined by dissolving the soil in a 1:10 soil/solvent ratio. So. 4g of soil, in diameter, were suspended with 40 ml of distilled water with constant stirring [7]. After 24 hours. The mixture is centrifuged at 3000 rpm for 15 minutes. The pH was read using a HANNA HI 8010 type pH meter. 2.2.3.2.
2.6.2. Determination of metallic trace elements (TME) in soils and leachates 
Analysis using XRF is carried out on solid matrices. The samples are placed in a crucible which is fixed on the device. He is then bombarded by a beam of light. The metal content of the matrices are obtained after a scanning time which depends on the quantity of matrix in the crucible. So the soil samples are read directly while the leachate samples were filtered on Whatman paper with a diameter of 0.45µm then the filter papers are dried in an oven for 24 hours at 150 °C. The dried residues are put in a crucible for reading.


3. results and discussion
3.1. Results
3.1.1. Interview results
According to survey data obtained with Bonoua Town Hall, the town today has 118,388 inhabitants compared to 69,983 inhabitants in 2014. It includes 8 industrial units and around ten socio-economic activities. The real problem of the existence of these industrial units is the discharge of wastewater. Regarding waste management in the municipality, according to the Town Hall there is a single consolidation center and eight (8) boxes distributed in three (3) districts distributed as follows: - 2 boxes in the Koumassi district; - 5 chests in the Bégérie district; - 1 chest in the Bronoukro district. According to ANAGED, the town of Bonoua does not have groupage centers but rather trunk sites. According to this institution, there are to date eighteen (18) garbage boxes located in the three (3) major districts of the city: - 3 Yaou boxes located in Belleville. Market and Extension; - 6 chests in Bonoua town distributed in the Station areas. Municipal High School. Residential Cité Socabo. Place Popo and the Bégérie Market; - 4 chests in Samo located in Dioulabougou. Walk. Collège Les Etoiles and the Binguiste district. The city's industries do not have a consolidation center. They are autonomous and therefore manage their waste themselves. The Town Hall specifies that in general, they entrust them to service providers who are responsible for collecting their waste. There are also no chests specific to an agricultural or industrial activity. During collections, the garbage found is systematically collected and transported to the landfill. Consolidation centers are insufficient. In fact, there are no consolidation centers and safe deposit boxes throughout the city. According to our contact at the Town Hall, garbage collection is the way to maintain the sites housing household waste. For this purpose, there are two (2) daily pickups in Koumassi and Bégérie, and one (1) in Bronoukro. As for ANAGED, the maintenance of the safe sites is ensured by an agent who monitors and ensures the cleanliness of the site and the collection and pre-collection of the city's waste is carried out every day of the day. Week. It is the State which finances waste management. But ANAGED gives more precision by showing that it is through the taxes for the collection of household waste via the Ministry of Hydraulics, Sanitation and Sanitation which is the project owner and ANAGED, the delegated project owner. The operators are paid by tonnage but ANAGED does not have the amount allocated to the town of Bonoua. For the Town Hall, funding is done every year while ANAGED declares that this is done every three (3) years. There is a pre-collection system provided by YSYBAT which is a private company. She does pre-collection once a day and the pre-collected waste is directly transported to the municipal landfill. ANAGED specifies that the pre-collection mechanism comes in two (2) systems:

- The formal system: the operating operator sends vehicles to collect waste from households and also from garbage bins.
- The informal system: it is carried out by individuals. They go through households to collect their garbage for a fee from the garbage bins placed in different places in the city.
Regarding the collection of agricultural and industrial waste, our interlocutors from ANAGED and the Town Hall indicated that it is not the responsibility of the two structures because the companies are responsible for managing their waste. Waste sorting is not yet carried out at the landfill, but some individuals recover certain reusable objects.
3.1.1.2. Quantification and typology of household, agricultural and industrial waste
The daily quantity produced by the city is between 200 and 230 tonnes, or between 73,000 and 83,950 tonnes per year and the number of trucks which dump the waste at the landfill number twenty-five (25). Regarding waste produced by households, the quality of waste does not change over time. It is the same type of waste that is produced every day by households. There is no information regarding waste produced by agricultural and industrial companies. The daily frequency of passage of a truck is once a day in general, but tractors and compactors have a frequency of twice a day while the Town Hall states that tractors have a frequency of three (3) to four (4) times a day. Waste recycling does not exist.
3.1.1.2. Causes of malfunction
The different causes of malfunction according to our contacts at ANAGED and the Town Hall are: The insufficiency of legal texts;
- Insufficient financial resources and therefore insufficient infrastructure; - the absence of a good household waste management plan;
- Breakdowns of pre-collection and collection vehicles. Indeed, the vehicles are not suitable, and their aging and the state of the roads cause numerous inconveniences in the collection of waste;
- The incivility of the population which is due to the lack of information regarding their contribution to the management of household waste.
To resolve these malfunctions, the two structures call on the leaders to raise awareness among the population and the city commissioner during field visits and the Town Hall provides the service provider with its equipment to compensate for breakdowns and equipment defects.
3.1.1.3. Environmental impact of waste
The composition of the waste and its impact on the municipality are unknown. City waste management is supposed to provide a healthy living environment and thus contributes to the protection and restoration of the environment. Unfortunately, we observe difficulties in places which mean that the city is not entirely healthy. Regarding the management of agricultural and industrial waste in the municipality, no response was provided to us by the various stakeholders in this management.
3.1.1.4. Adequate profile for sustainable waste management
The most appropriate option for managing the city's household waste is waste recovery, which will also create jobs. Since the management of industrial and agricultural waste does not depend on these two structures, they cannot comment on their appropriate profile. They are therefore not concerned about the implementation of the Hazardous Waste Prohibition Decree. However, for better waste management, the purchase of more suitable equipment for waste collection and raising awareness among populations about their participation in better waste management are recommended. Must also:
- the establishment of legal texts;
- the provision of substantial financial resources;
- raising awareness among the population about their contribution to the city's waste management;
- the provision of adequate infrastructure equipment and modern technology; waste recovery as well.

3.1.2. Results of analyzes of physical and chemical parameters
3.1.2.1. pH of leachate and soil samples
Tables 3 and 4 present the pH values of the leachate and soil samples, respectively. The pH values obtained are acidic and vary between 5.65 and 6.55 with an average value            (6.15 ± 0.46) (Table 3) for the leachate samples. Note that we have a considerable variation in the pH values, because they are not homogeneous. Indeed, the coefficient of variation obtained from these pHs is of the order of 7.45 %, which is well above 5%. Furthermore, this large difference in pH values is illustrated in Figure 2. As for soil pH, slightly basic values are noted with an average value of (7.44 ± 0.26) (Table 4). It is important to note a small variation in pH in these samples. This is illustrated by the coefficient of variation because that being around 3.50 % is less than 5 % [8]. These pH values are therefore homogeneous according to Feinberg in 1996 [8]. This small variation is also demonstrated by the histograms in Figure 3.  




Figure 2: Histograms of pH of leachate samples (L1, L2 and L3)


Figure 3: Histograms of pH of soil samples (S1, S2 and S3)

Table 3: pH values of Leachate (L)
	
	
	Leachates
	
	Average
	Ecartype
	CV (%)

	Samples
	L1
	L2
	L3
	Of pH
	of pH
	of pH

	pH
	6.55
	6.25
	5.65
	(615 ± 0.46)
	0.46
	7.45



	
	
	Soils
	
	Average
	Ecartype
	CV (%)

	Samples
	L1
	L2
	L3
	of pH
	of pH
	of pH

	pH
	7.15
	7.65
	7.53
	(7.44 ± 0.46)
	0.26
	3.50


Table 4: pH value of Sols (S)


3.1.2.2. Levels of trace metal elements (TME) in leachate and sols
The results of analyzes of the leachate and soils samples are presented in Table 5 and 6. The metallic elements detected during the analysis are Zirconium, lead, zinc, iron, chromium, vanadium, titanium, calcium and potassium. The presence of iron in leachate indicates the presence of scrap metal in the waste. All of the coefficients of variation of the ETM values present on this waste site, both at the level of Leachates (L1, L2 and L3) and Soils (S1, S2 S3) show a very high variability between them. Indeed, all of these CVs are greater than 5 % (Table 5 and 6) [8], which implies heterogeneous values [8] in terms of the contents of these ETMs. This demonstrates a disparity in waste present.
  














   Table5 : ETM composition of leachates samples
	
	
	Concentration (mg/kg) Leachates
	
	Average
	Ecartype
	CV (%)    

	Detected ETM 
	L1
	L2
	L3
	Of  Concentration
	Of Conc.
	Of Conc.

	Zr
	41.86
	3.48
	4.56
	(16.63 ± 21.85)
	21.85
	131.38

	Sr
	ND
	ND
	ND
	ND
	ND
	ND

	Rb
	ND
	ND
	ND
	ND
	ND
	ND

	Pb
	2.66
	3.47
	4.81
	(3.65 ± 1.09)
	1.09
	29.78

	Zn
	30.03
	18.26
	38.70
	(29.00 ± 10.26)
	10.26
	35.38

	Fe
	601.75
	483.35
	915.17
	(666.76 ± 223.13)
	223.13
	33.46

	Cr
	20.12
	15.75
	17.85
	(17.91 ± 2.19)
	2.19
	12.21

	V
	14.40
	11.90
	12.79
	(13.03 ± 1.17)
	1.27
	9.72

	Ti
	90.98
	121.34
	83.31
	(98.54 ± 20.11)
	20.11
	20.41

	Ca
	998.03
	870.43
	983.18
	(950.55 ± 69.78)
	69.78
	7.34

	K
	7459.91
	197.58
	7295.45
	(4984.31 ± 4146.25)
	4146.25
	83.19



             Table 6: ETM composition of soil samples
	
	
	Concentration (mg/kg) of Soils
	
	Average
	Ecartypes
	CV (%)    

	Detected ETM 
	S1
	S2
	S3
	Of Concentration
	Of Conc.
	Of Conc.

	Zr
	132.39
	82.84
	93.30
	(102.84 ± 26.12)
	26.12
	25.40

	Sr
	43.03
	17.43
	43.34
	(34.60 ± 14.87)
	14.87
	42.98

	Rb
	7.18
	3.43
	7.19
	(5.93 ± 2.17)
	2.17
	36.54

	Pb
	11.61
	ND
	14.82
	(13.22 ± 2.27)
	2.27
	17.18

	Zn
	80.71
	8.18
	207.85
	(98.91 ± 101.07)
	101.07
	102.18

	Fe
	20509.17
	9610.53
	16294.99
	(15471.56 ± 5495.78)
	5495.78
	35.52

	Cr
	102.59
	66.56
	94.14
	(87.76 ± 18.84)
	18.84
	21.47

	V
	71.76
	33.98
	50.56
	(52.10 ±18.94)
	18.94
	36.35

	Ti
	5092.23
	3187.91
	3746.13
	(4008.76 ± 978.95)
	978.95
	24.42

	Ca
	8178.22
	1569.14
	13055.64
	(7601.00 ± 5764.96)
	5764.96
	75.84

	K
	1959.49
	1288.13
	2061.49
	(1769.70 ± 420.16)
	420.16
	23.74


	ND: None Detected

3-2. Discussion
The interviews showed that solid waste management in Bonoua is not completely mastered due to insufficiencies in terms of adequate equipment and infrastructure despite state funding. Since waste sorting is not carried out, large quantities of unidentified waste produced can have an impact on the environment of the landfill. This quantity is in fact estimated between 72,000 and 82,800 tonnes per year. The pH values of the leachate samples indicate young leachate. Indeed, the volatile compounds formed during the first phase of anaerobic decomposition of waste make the environment acidic [9]. The sampling site is an operating site with still fresh waste which had just been dumped. These results are contrary to the results obtained by Adjiri et al. [10] at the Akouédo dump. The average pH value observed for the leachate is 6.15 and is lower than the CIAPOL threshold values which are between 6.5 and 8.5. Soil pH is a variable that influences the adsorption, retention and movement of heavy metals in soils [11]. The average pH value is greater than 7. It reflects the basic nature of the landfill soil and the maturity of the compost. Mature composts have a pH close to neutral, or higher. The pH values obtained for the soils comply with the CIAPOL discharge threshold values. These pH values are due to bacterial hydrolysis of nitrogen, associated with the decomposition of organic acids (produced during the acidogenic phase of waste degradation) and protein degradation, to produce ammonia (NH3). These pH values give the soil a strong adsorbent character [12]. The composition of the leachate is strongly dependent on the physicochemical and biological mechanisms taking place in the landfill. These parameters depend on the evolution of the bioactivity of the landfill, and are generally very high during the first phases (Ca2+, Fe2+. Mg2+) [13]. Metallic trace elements present in leachate can cause pollution and have serious repercussions on human health or the environment. Pollution of groundwater and surface water is, in particular, the result, respectively, of the infiltration and diffusion of leachate into the permeable or fissured subsoil, as well as the flow of leachate into the network hydrographic. The average chromium values obtained for the soil and leachate samples are higher than the rejection threshold values set by the Ivory Coast anti-pollution center (CIAPOL). This is also the case for lead detected in both types of samples. Chromium, in the Cr (III) form, is essential to human and animal life. Furthermore, hexavalent chromium (VI) is generally considered to be the most toxic compound. Indeed, it can cause cancers (lungs, nose, stomach, intestine) and dermatitis. In household waste, it is found in textiles, unclassified fuels (waste from tanneries, surface treatments, wood preservation, etc.) and special waste (dyes, aerosols). However, further analyzes concerning the forms of the detected ETMs could not be carried out. All forms of lead are toxic to living beings. Lead toxicity manifests itself by disorders of the nervous system, particularly in children, liver and kidney disease. It is found in paper and cardboard, unclassified fuels (stabilizers in rubbers) and special waste (aerosols, batteries, varnishes and paints). The sources of zinc in household waste are paper and cardboard, textiles, special waste (batteries, aerosols). Its toxicity depends on the copper content in the body. It alone does not present any known toxicity [12]. The average values obtained for zinc are lower than the CIAPOL release threshold values. Vanadium is a trace element whose high content in the body causes problems such as bronchitis or pneumonia. In household waste, they are found in black pepper, parsley, mushrooms, spinach and legumes [14]. Titanium has been used in the form of micrometric and nanometric TiO2 powder for many years (early 1990s) for its opacifying and whitening properties and its adsorption capacity for ultraviolet rays. It is found in paints and cosmetic products [15]. The presence of iron in leachate indicates the presence of scrap metal in the waste. Naturally, ETMs are present in soils. Analyzes carried out on the landfill soils aim to highlight the presence of metals in the landfill soils. The contents obtained are higher than those obtained in leachate. This suggests an accumulation of heavy metals in the soil following the decomposition of waste via leachate. The values obtained for iron are well above the CIAPOL rejection threshold values. Which indicates high iron pollution [16]. The presence of such a proportion of iron in the soil could be explained by the type of soil that we encounter in Ivory Coast. Indeed, Ivorian soils are ferralitic, meaning that we find high concentrations of iron in the soils. With the addition of waste, these contents increase [12]. This could ultimately have an impact on human health and the environment by leaching metals in the soil into surface water or by their infiltration into groundwater by leaching if environmental conditions change or are favorable.
4. Conclusion
[bookmark: _GoBack]This study made it possible to take stock of the Bonoua landfill. Indeed, the waste produced there constitutes a real problem for the municipality. The study made it possible to understand the different aspects linked to the proliferation of this waste. These aspects are economic and organizational. The study reveals that waste of any origin produced by the city is directly dumped in the city landfill without any treatment. Laboratory analysis made it possible to detect the presence of trace metal elements in the soil of the landfill which can, through infiltration and leaching, pollute groundwater and surface water in the vicinity of the landfill. This represents a significant environmental risk for humans and the environment.
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