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        Abstract



        Municipal solid waste (MSW) characterisation across socioeconomic residents is necessary for planning sustainable solid waste management. In view of planning for Kumba municipality in the South West Region of Cameroon, three types of socioeconomic residents classified as low, medium and high income residential areas were randomly sampled. In each residential area, 32 households were sampled following systematic random sampling. Over a period of eight weeks within three periods characterised with varying activities, statistically designed number of samples for waste composition were hand sorted and weighed at source of generation. The study revealed that the per capita generation of putrescible and miscellaneous wastes (predominantly sand, ash and dust) were statistically different (p < 0.05) across residents and were inversely related to income while the generation of plastics, metals, papers, glass except textiles were statistically different across residents and were positively related to income. Putrescible waste was the most predominant waste category constituting more than 75% across residents. No significant differences were observed for per capita waste generation across residents during the entire period of study and within residents during the different periods over which the waste categories were measured. However, within the different periods, waste generation was significantly different across residents with more waste being produced in low income residents. The waste density was found to decrease with increasing income. The observed variation of waste generation and composition has implications for collection frequency, equipment needs, composting and digestion of the biodegradable for biogas generation to sustain the solid waste management sector.
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      1. INTRODUCTION


      Waste generation is an attribute of every life and a human being ceases to generate waste only when he is no more and is to be disposed as waste [1]. The quantity and quality of municipal solid waste (MSW) generated varies in space and time with the variation attributed to rising consumer attitude, population growth, seasonality and development of technologies [2-5]. Several authors have found that the per capita MSW generation, the quantity of waste produced by one person in one day, is positively related to income levels of the people in the community [2, 6, 7]. The composition of MSW generated varies with the income level of the community or residential area [5, 8]. The proportion of biodegradable content in waste generated in developing countries is higher than that generated in developed countries although the total amount of biodegradable waste remains higher in high income economies [4, 9]. For example, countries in East Asia and Pacific (EAP) region have the highest proportion of biodegradable waste (putrescible) at 62% while the Organisation for Economic Co-operation and Development (OECD) countries with a relatively lower population have the least at 27%, although the total amount of biodegradable waste is still highest in OECD countries [4].


      The volume of solid waste generated has continually increased at a faster rate than management resources, resulting to indiscriminate disposal and mal-practices which tend to endanger human health and the environment [10-13]. The rudimentary nature of MSW characterisation data, especially in developing countries [14, 15] makes waste management more difficult. Besides the absence of data, waste management solutions in developing countries are usually constrained by financial deficiencies, lack of policy implementation and inefficient community participation [14, 16-18].The availability of data on MSW characterisation is the first vital step in developing an integrated solid waste management plan, an approach which seeks to protect human health and the environment [15, 19]. With available data, a well-designed MSW management scheme could promote the quality of urban environment, generate employment and income, protect environmental health and support the efficiency and productivity of the economy [20].


      However, there is little or no information yet on the characterisation of MSW in most urban communities of Cameroon and in particular the South West Region. In addition, waste collection frequency by the management authorities in most cities in Cameroon is not commensurate to waste generation resulting to wanton disposal. This paper aims to quantitatively and qualitatively characterise MSW generated in three socioeconomic levels in the municipality and at different periods in order to assist the management authority in developing an integrated municipal solid waste management scheme.

    


    
      

      2. MATERIAL AND METHODS


      
        

        2.1. Study Area


        Municipal solid waste was characterised in Kumba which is the head quarter of Meme Division in the South West Region of Cameroon. It is the largest city in the region and according to the Kumba City Council1, the population of the municipality was estimated at 450,000 inhabitants in 2014, spread across a surface area of 186 km2. The equatorial location of the municipality, coupled with its rich volcanic soil has favoured many large agro-industrial establishments. Its proximity to the Nigerian border and a home for many financial and educational institutions has also enhanced its commercial activities.

      


      
        

        2.2. Sampling Procedure


        The sample unit for waste generation and income level was the household. Standard of housing infrastructure was used to delineate income levels of households and classified into strata [5, 7, 19, 21]. In this regard, three strata were identified:


        
          	Low income residential areas (LIRA): Illegal and non-permanent structures or houses in unplanned and squatter settlements and occupied by poor families with very low income.


          	Medium income residential areas (MIRA): High rise buildings or multiple occupancy properties with no gardens and close to shopping centres or the central business district.


          	High income residential areas (HIRA): Single detached houses outside the city centre with gardens.

        


        As households could not disclose their income levels, proxies of income such as educational attainment, number of people working in a household and earning an income and the type of job involved were used in the field to assist in affirming income levels of the three socioeconomic residential areas [7, 21].


        The study chose 96 households equally shared among the strata (32 households for each income level residential area). Eighty two (82) households participated with a population of 474 people in the study period of eight weeks with the number of samples for waste categories for low, medium and high income residential area being 213, 181 and 195 respectively (Table 1). This corresponds to 90% confidence level (CL) for number of samples in waste characterisation study [15, 22]. The sample size was reasonably large as the CL for solid waste characterisation data are usually set at 80% or 90% [22].


        
          1Archives, Administrative account of 2014, personal communication with Chief of Cabinet and Director of Administrative Affairs and Finance of the Kumba City Council.

        


        
          Table 1 Household units following areas of residence.


          
            
              
                	Residential Areas

                	Number of households contacted

                	Number of households that participated

                	Number of Persons that Participated

                	Number of each waste category
              

            

            
              
                	LIRA

                	32

                	28

                	165

                	213
              


              
                	MIRA

                	32

                	27

                	136

                	181
              


              
                	HIRA

                	32

                	27

                	173

                	195
              


              
                	Total

                	96

                	82

                	474

                	589
              

            
          


        

      


      
        

        2.3. Data Collection and Analysis


        Occupants in the households that were sampled were educated on the research objectives. Each household was provided a labelled plastic bag in which the different waste samples were to be collected. Hand sorting of waste at the primary stage of waste generation was conducted in order to improve the accuracy of the data collected [15]. Once every week, the households were visited and wastes samples in the labelled bags were collected and manually sorted according to the profile in Table 2.


        
          Table 2 Household waste composition profile considered in the survey.


          
            
              
                	Categories

                	Sub-categories
              

            

            
              
                	Putrescibles

                	Food remnants, fresh and decaying leaves, vegetation, garden wastes
              


              
                	Plastics

                	Plastic bottles, packaging materials
              


              
                	Metals

                	Cans, bottle caps, ferrous metals, aluminium items
              


              
                	Papers

                	Newspapers, magazines, office papers, junk mails, envelopes
              


              
                	Glass

                	Glass, bottles, jars
              


              
                	Textile

                	Clothes, belts, shoes
              


              
                	Miscellaneous

                	Wood, stones, pebbles, waste electrical and electronic equipment, batteries, ash, dust, sand
              

            
          


          


        


        Each category of waste was weighed to the closest ±50 grams using a sensitive spring scale balance and the values were registered in a data sheet. The number of people living in the house at the time of the study was recorded weekly. Data was collected for 8 weeks from 6th December 2013 to 28th January 2014. Data collection was categorised into three periods presumed to be different in economic activities and consumption habits. The Christmas period was used as a reference for the periods following its observed exceptional food preparation, increasing purchasing power of households, sharing of gifts among others and its relation with waste generation when compared with other periods before and after Christmas. Period 1(week 1 & 2): 6th to 17th December 2013 – before Christmas; Period 2 (week 3, 4 & 5): 18th December 2013 to 7th January 2014 – within Christmas; Period 3 (week 6, 7 & 8): 8th to 28th January 2014 – after Christmas. Structured questionnaire was used to collect data to elucidate the following: per capita waste generated, socioeconomic characteristics, current waste management practices among others.


        Waste density for each residential area was determined by stuffing the waste bags of known dimension and dividing the stuffed weight by the total volume [23]. The per capita waste generated was calculated by dividing the mass of the total waste generated by the number of days used to generate the waste, then dividing this by the household size [5, 19].Variation of per capita generation for waste categories across the socioeconomic residential areas and the waste generation was analysed using the General Linear Model (GLM) procedure of Statistical Analysis System (SAS) version 9.1 at p < 0.05; while data from the questionnaire was analysed using Statistical Package for Social Sciences (SPSS) and SAS version 9.1.

      

    


    
      

      3. RESULTS AND DISCUSSIONS


      
        

        3.1. Variation of Waste Generation in Relation with Socioeconomic Characteristics


        The results showed that higher educational level and a job source with a high income earning potential could influence the composition of waste generated in Kumba municipality (Tables 3a, 3b and Table 4). Previous studies showed that educational attainment enhanced the earning potentials of individuals, improved the quality of life and subsequently influenced the quality and quantity of waste generated [2, 6, 7, 19, 24, 25].


        
          Table 3(a) Educational level of respondents following area of residence.


          
            
              
                	Educational level of respondents

                	Residential area (%)
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	FSLC and below

                	85

                	35

                	12
              


              
                	GCE Ordinary Level

                	7.5

                	30

                	23
              


              
                	GCE Advanced Level

                	7.5

                	30

                	27
              


              
                	University degree

                	0

                	5

                	38
              


              
                	Total

                	100

                	100

                	100
              

            
          


        


        
          Table 3(b) Proportion of distribution of job categories of respondents across residential area.


          
            
              
                	Job categories

                	Job distribution following residential area (%)
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	Small farmer/trader

                	77

                	26

                	10
              


              
                	Large scale farmer/trader

                	10

                	13

                	15
              


              
                	Employed by private/organisation

                	8

                	38

                	38
              


              
                	Employed by government

                	5

                	13

                	37
              


              
                	Self employed

                	0

                	10

                	0
              


              
                	Total

                	100

                	100

                	100
              

            
          


        


        
          Table 4 Generation of waste categories across residential area.


          
            
              
                	Waste categories

                	Waste generation (g/person/day)
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	Putrescible*

                	207.6 ± 29.6

                	198.5 ± 30.7

                	134.9 ± 30.7
              


              
                	Plastics*

                	5.5 ± 3.3

                	18.8 ± 3.5

                	17.2 ±3.5
              


              
                	Metals*

                	1.0 ± 0.9

                	2.2 ±1.0

                	4.4 ± 1.0
              


              
                	Papers*

                	1.4 ± 0.8

                	5.0 ± 0.8

                	6.1 ± 0.8
              


              
                	Glass*

                	0.9 ± 0.7

                	2.5 ± 0.8

                	4.9 ± 0.8
              


              
                	Textiles

                	4.3 ± 1.1

                	5.8 ± 1.2

                	4.9 ± 1.2
              


              
                	Miscellaneous*

                	22.1 ± 4.3

                	18.0 ± 4.5

                	5.6 ± 4.5
              


              
                	Total (g/person/day)

                	242.8 ± 40.7

                	250.8 ± 42.5

                	178.0 ± 42.5
              

            
          


          


        


        The variation of putrescible waste with income in Table 4, confirms the results in Tables 3a and 3b that low and medium income residents are more involved in farming activities with their wastes characterised by more of putrescible wastes such as peelings of cassava, cocoyam, plantains, bananas and vegetable materials among others, as compared to high income residents. High income residents who are employed by the government and private organizations and less involved in farming activities (Table 3b), probably consumed more comestibles than low income residents.


        The variation in miscellaneous waste (predominantly sand, ash and dust) could be due to the presence of unpaved yards and subsequently sand in sweepings and the overdependence on fuel wood and charcoal as a source of energy by low and medium income residents. It was observed that most of the high income residents had paved yards or well-shaped grass surfaces and used cooking gas as fuel, hence a substantial reduction in miscellaneous.


        The positive correlation between synthetic materials (except textiles) with income could be attributed to the consumption of more packaged foods and the quick to use and quick to dispose habit which develops with affluent lifestyle. These consumer products could be canned drinks and food, plastic drinks and other items which come with packaging. These products could be relatively expensive and not always afforded by low income residents. In addition, the high proportion of papers in high income residents could be due to paper from packaging and a low level of recycling among high income residents. The lack of differences in the generation of textile wastes across socioeconomic levels could be attributed to the fact that low cost clothing and other textile materials are always available in the local markets.


        The waste density tends to decrease with increasing income (Table 5) and could be attributed to the significant proportion of putrescible waste, sand, ash and dust in low income residents. Similar findings to the results in the current paper have been reported by [26] in Kano metropolis, Nigeria who found that food waste, ash and dirt were inversely related to income and were different across socioeconomic residents while the generation of non-biodegradables (paper, cardboard, textile, rubber, plastic, metal, and glass) were directly related to income and were different across the residents. In a related study, waste components except for food waste and ash were positively related to income level in Eskisehir city, Turkey [27]. The findings that average per capita waste generated in the municipality was not different across socioeconomic levels within the entire study period agree with similar studies in developing countries [28, 29]. This could be attributed to the overall low level of economic development.


        
          Table 5 Descriptive statistics of MSW density across residential area.


          
            
              
                	Item

                	Residential area
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	Number of persons

                	166

                	136

                	175
              


              
                	Number of days

                	51

                	44

                	175
              


              
                	Total waste (kg)

                	1692

                	1399

                	1418
              


              
                	Total volume (m3)

                	6.69

                	6.08

                	6.45
              


              
                	Density (Kg/ m3)

                	252.91

                	230.10

                	219.84
              

            
          


        


        The high proportion of putrescible waste, predominantly food waste generated in Kumba which falls within the range 84 to 88% for LIRA, 78 to 81% for MIRA and 75 to 77% for HIRA is typical for waste management studies in developing countries [2, 19, 26]. This high proportion of putrescible waste implies an increased potential to generate biogas for cooking. Among the different types of biodegradable wastes, food waste holds the highest potential of economic exploitation as it consists of high amount of carbon in the volatile solids that can be converted into biogas [30]. The high proportion of sand, ash and dust which predominates the miscellaneous waste is also typical of low income residents in developing countries [2, 19]. This proportion has implication on the types of vehicles for waste collection as sand, dust and ash are abrasive and could wear out the sliding parts and expose hydraulic components of compactor trucks.


        Furthermore, the increasing composition of non-biodegradable wastes with income has implications for the deployment of recycling options in the future. Recycling conserves resources and energy. For example [31], reported that recycling 0.907 tonnes of paper would save 30.8 m3 of water, 15 - 17 trees, provide energy to power an average American home for six months and reduce greenhouse gas emissions by one metric ton of carbon equivalent.

      


      
        

        3.2. Waste Generation in Relation to Household Size


        The present findings which showed that there was no difference in the total per capita waste generation across socioeconomic levels of residents (Table 4) agrees with work by [28, 29]. However, it contrasts earlier studies relating household size and income to waste generated; total waste generation increases with income [2, 6, 11]. [6] showed that as the number of household occupants increase, waste generation per person rather decrease mainly because of economies of scale in the consumption of goods and packaging in the developing countries.


        The proportion of biodegradable content of waste generated in developing countries is higher than that generated in developed countries; however, the total amount of biodegradable waste remains highest in high income economies [4, 9]. This study suggests that the lower generation of biodegradable (putrescible) waste in high income residents and the level of development of the community could have contributed to the insignificant difference in the per capita waste generation across socioeconomic residents.

      


      
        

        3.3. Spatial and Temporal Variation of Waste Generation


        This study showed that waste generation did not vary in different periods within the same residential area (Fig. 1) suggesting that the general low level of economic development influenced the purchasing power; hence consumption was not affected by activities across the period. The difference in waste generation across socioeconomic levels of residents within the same period could be attributed to variation in waste categories. This variation has implication for resource allocation and collection frequency by the management authority. This is in conformity with the notion that waste stream varies with location in a municipality, hence management strategies should preferably also vary with waste stream [11, 32].


        [image: ]
Fig. (1)

        Per capita waste generation in time and space. Period 1(week 1 & 2): 6th to 17th December 2013 – before Christmas; Period 2 (week 3, 4 &5): 18th December 2013 to 7th January 2014 – within Christmas; Period 3 (week 6, 7 & 8): 8th to 28th January 2014 – after Christmas.
      


      
        

        3.4. Waste Management Practices and Community Participation for Sustainability


        The present study found that the waste collection service providers, the city council, were irregular and the low income residence were totally omitted due to financial constraints (Tables 6 and 7). Considering that the bulk of waste is putrescible and produced mainly by low income residents, a total omission of this stratum of the community will mean huge amounts of waste will be abandoned. Following this limitation, households indiscriminately disposed wastes in ways that could hamper environmental health (Table 8).


        
          Table 6 View of residents on the frequency of passage of refuse van.


          
            
              
                	Passage frequency

                	Residential area (%)
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	Once in 3 days

                	0

                	13

                	4
              


              
                	Once in 7 days

                	0

                	4

                	11
              


              
                	Once in 14 days

                	0

                	31

                	27
              


              
                	Once after 14 days

                	0

                	52

                	46
              


              
                	Never passes

                	100

                	0

                	12
              


              
                	Total

                	100

                	100

                	100
              

            
          


        


        
          Table 7 View of residents on status of bin level upon the passage of refuse van.


          
            
              
                	Residential area (%)

                	Opinion on bin level
              


              
                	Half full

                	Always full

                	Always overflows

                	Empty

                	Total
              

            

            
              
                	Medium income

                	22

                	13

                	65

                	0

                	100
              


              
                	High income

                	21

                	25

                	50

                	4

                	100
              


              
                	Total*

                	21

                	19

                	58

                	2

                	100
              

            
          


          


        


        A large proportion of households were found willing to participate in waste sorting with available incentives (Table 9). It was also found that a highly significant proportion of respondents (77%) were not educated on MSW management (X2 =9.41; df=2; P < 0.01) and the level of awareness seemed to increase with increasing level of income (Table 10). This finding agrees with previous studies that financial constraints and lack of policy implementation threatens waste management in most cities in the developing world resulting to indiscriminate waste disposal [14, 18, 20]. Furthermore, incentives and public awareness enhances community participation in the recovery of MSW, its values and sustainability in the management [8, 14, 33]. The situation in Kumba could be improved if community participation is enhanced to recover and market the values embedded in MSW.


        
          Table 8 Proportion of residents using the various waste disposal sites.


          
            
              
                	Disposal site

                	Residential area (%)
              


              
                	Low income

                	Medium income

                	High income
              

            

            
              
                	Refuse van

                	0

                	78

                	54
              


              
                	Hole

                	50

                	9

                	54
              


              
                	Open space/bushes

                	69

                	22

                	23
              


              
                	Aquatic

                	0

                	13

                	8
              

            
          


        


        
          Table 9 Basis under which households were willing to participate in the sorting of MSW.


          
            
              
                	Residential area (%)

                	Basis for participation on waste sorting
              


              
                	Unwilling

                	Participate with incentives

                	Unconditional

                	Total
              

            

            
              
                	Low income

                	12

                	42

                	46

                	100
              


              
                	Medium income

                	26

                	22

                	52

                	100
              


              
                	High income

                	23

                	27

                	50

                	100
              


              
                	Total*

                	20

                	31

                	49

                	100
              

            
          


        


        
          Table 10 Awareness situation of respondents on MSW management.


          
            
              
                	Residential area (%)

                	Responses
              


              
                	Yes

                	No

                	Total
              

            

            
              
                	Low income

                	8

                	92

                	100
              


              
                	Medium income

                	17

                	83

                	100
              


              
                	High income

                	42

                	58

                	100
              


              
                	Total*

                	23

                	77

                	100
              

            
          


          


        

      

    


    
      

      CONCLUSION


      The quest for a wealthy lifestyle is influencing the composition of solid waste stream across socioeconomic levels in Kumba municipality. Irrespective of the income level of the residential area, municipal solid waste was predominantly putrescible, made up of remains of organic food stuffs constituting more than 75% of the waste stream. This reflects an overall low income level which is typical of a developing country. The management authority could envisage a bottom-up approach for sustainable MSW management through resource recovery for energy following the available proportion of biodegradable waste to remedy the financial stress in providing infrastructural needs.

    

  


  
    Notes

    
      1Archives, Administrative account of 2014, personal communication with Chief of Cabinet and Director of Administrative Affairs and Finance of the Kumba City Council.
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