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WASTE MISMANAGEMENT IN DEVELOPING COUNTRIES: 

A CASE STUDY OF ENVIRONMENTAL CONTAMINATION 

Navarro FERRONATO1, Vincenzo TORRETTA2, Marco RAGAZZI 3,                   

Elena Cristina RADA4  

Solid waste management in developing countries represents a dangerous 

issue due to environmental impacts and human illnesses triggered by waste releases 

in water bodies and by the practice of the open burning, which are mostly 

underestimated by the Governments. Lack of economic funding, public awareness, 

technological facilities and know how worsens the situation, giving low hopes of 

improvement. In this paper, a field work implemented within a Bolivian city is 

proposed, giving an example of current solid waste management activity in a low-

middle income country, highlighting environmental and social issues. A few 

estimations about environmental impacts are presented while some suggestions are 

provided. 
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1. Introduction 

Waste collection, processing and final disposal still represent a problem in 

many low-middle income regions [1-3]. This is due to waste management 

multifactorial issues which involved technical, environmental, financial, socio-

cultural, institutional, legal frameworks and tourism, which are not fully considered 

in such emerging countries [4-9]. As a result, where public awareness and 

municipal solid waste (MSW) services miss, people burry or burn their own waste 

or an informal recycling sector start to operate within the area, like only feasible 

activity for poor households for receiving an income [10-12]. The recycling rate 
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achieved by the informal sector in developing countries is quite high, often in the 

range of 20-50%, comparable with those achieved by modern waste management 

systems [6,13]. However, since informal waste collection, recycling and disposal 

are low paid activities, workers are often not aware of labour related risks and they 

generally do not have access to adequate medical treatment [14-16]. Awareness of 

waste management practices could be developed with experiences and 

understanding of environmental issues within the municipalities starting from 

sensitive campaigns at school and by integrated Law and regulations applied by 

local Governments. Moreover, stakeholders cooperation, Universities inclusion and 

international agreements, among all partners, can allow improving solid waste 

management practices rapidly and in a sustainable manner [17-19]. Changing the 

knowledge from ‘waste to disposal’ to ‘waste as a resource’ is a sustainable way 

for decreasing environmental impacts due to waste mismanagement. Waste to 

recovery and waste to energy is a new common practice in developed countries, 

although energy recovery is a second order form of waste exploitation. Indeed, the 

priority should be given to material recycling and reduction, which are closely 

related to waste and environmental impacts minimization. Thus, also low-income 

countries should introduce this practice [20-25]. 

The present paper introduces the above management issues in a South 

American low-middle income country where environmental impacts and lack of 

resources is a challenge which must be overcome. Bolivia is the country proposed, 

giving particular emphasis to a small city of 30,000 inhabitants, where the 

environmental impacts are not considered by the population and by the 

municipality. An overview of the region is introduced, highlighting environmental 

issues and socio-cultural characteristic of the city, while suggestions for future 

improvements are provided. This study represents and original contribution since 

evaluates the environmental pollution in a low income reality, assessing the 

quantity of leachate and gas released by the local dump site, the social equity and 

providing suggestions for improving the MSW management for a developing 

region.  

2. Strategies implementation  

The study has been carry out by a direct collaboration with the municipality 

of Monteagudo, a small city within the department of Hernando Siles in the 

Chuquisaca region. The survey comprehend a field work of 10 days together with 

interviews to the local engineers and to the components of the environmental 

secretary, visits to the dump site and a questionnaire survey applied to a group of  

young students which lived in the city. In order to better understand the context 

where the survey took place, a brief description of the city is provided below. 
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Monteagudo is located within the Chuquisaca region, 315 km far from 

Bolivian capital city, Sucre, and at an altitude of 1,250 above the sea level. The city 

covers an area of 1,439 km2 and the households live mostly within the city centre 

(73%), with a population density of 14.29 inhabitants per km2, while the others live 

and work within the country. Monteagudo is situated in a Sub-Andean mountain 

region, characterized by high variations of temperature and low meteoric 

precipitation, about 923 mm per year. The citizens live mostly of agriculture, 

breeding and petrol extraction as is the most important industrial activity spread in 

Bolivia. 

3. Results  

The survey conducted in Monteagudo allowed studying issues related to the 

MSW management activities, evaluating technical capabilities, the presence of the 

informal sector, the recycling systems, the releases of the open dump site and the 

social behaviour. 

3.1.  Solid waste collection and generation 

Solid waste management is implemented by the Municipal Government of 

Monteagudo, which directly control and manage the collection and the final 

disposal. Street sweeping is applied manually during the collection service, like the 

gathering of the hospital waste and markets refuses, which happen daily and without 

any different treatment. The means used for the collections are one compactor track, 

an open track and few carts, the latter used for street sweeping. Solid waste 

collection covered 80% of the city area, giving more preference to the city centre. 

All users give the waste directly to the transport means, as households are advised 

by a sound alert during service transition. However, the streets are mostly dirty and 

with high amounts of garbage scattered, where animals and flies are usually present. 

Collection routes are not planned and depends on streets dirty. The service applied 

is paid only for the 30% by the citizens, as public charges are not sufficient to cover 

all service cost. As a result, Bolivian Government finance such operations, without 

the possibility to implement new technological improvements.  

Within the city there are not many sensitivity campaigns; every month the 

population clean parks, public spaces and roads, as in 2011 were introduced the 

‘day of the solid waste’, where all households are invited to maintain the cleanness 

of the city. Solid waste dump is forbidden within water bodies and open spaces, 

however, uncontrolled dumping is common within the area. Moreover, open 

burning is widespread in the city, since solid waste are commonly burned outside 

the houses. 
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The last study implemented within the city estimated that the production of 

MSW within the city is about 0.39 kg/inh. per day with an average density of 271 

kg/m3 [26]. Waste fractions are reported in Table 1. 

It is visible how the inert fraction (construction waste) is significantly present 

within waste composition, as is direct consequence of the considerable urban 

expansion and building construction within the city. However, excluding this 

fraction, is evident the percentage of organic matter typical of developing countries, 

as reported in other studies worldwide [27-29]. 

Table 1 

Monteagudo waste composition 

Material Fraction (%) 

Organic matter 49 

Plastic 7.24 

Paper and cardboard 2.49 

Metal 1.27 

Glass 0.37 

Hazardous waste 0.29 

Inert 31.19 

Other 10.3 

 

As a result, every day within the city 11 tons of MSW are produced for an 

annual contribution of 4,125 tons, if summed with the solid waste generated by the 

markets. All this material is finally disposed in an open dump site without any 

precaution.  

3.2.  Informal sector and final disposal 

The waste produced in Monteagudo is disposed to an open dump site without 

formal recovery or pre-treatment, as typically happen within the majority of 

developing countries [30-32]. The open dump is located 3 km far from the city 

centre, it covers an area of about 0.5 ha and it was built in 2011. The previous final 

disposal site was located nearest the city, and has been closed for odours and general 

impacts which affected the citizens. The current site is near a valley, where residual 

waste are stored without any technical precaution required for the protection of the 

environment such as daily covering, waterproofed base, natural gas burning, 

leachate caption and treatment. Every typology of waste is stored here, and 

comprehend hazardous materials, hospital waste and slaughterhouse remains, 

enhancing the impacts which the environment is subjected [33].  

Within this partially controlled area, informal recycling activities took place, 

as depicted in Figure 1. Women are used to gather exploitable materials, like plastic 

or metals, which are sold to the recycling industry located in Santa Cruz. Indeed, 

every two weeks, open trucks come to Monteagudo to collect and buy recyclable 

materials, applying an effective informal regional reverse logistic system. 
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Generally, 1.8 tons of plastic are gathered every two weeks. However, this activity 

is dangerous for the people who works in, as are in contact with hazardous 

materials, sharp residual materials, dangerous liquids and flies, vectors of illnesses 

such as dengue and malaria.   

 

 

3.3. Assessment of the leachate and the landfill gas released by the open 

dump site  

 

For evaluating the environmental impacts due to the mismanagement of the 

open dump site, we estimated the quantities of landfill gas and leachate produced 

during the years after the starting operation of the site. To do so, some 

simplifications were introduced in terms of amounts of waste disposed, 

temperature, rain and area of the site. Indeed this information are not supported by 

reliable data.   

For the estimation of the landfill gas released, we adopted the method 

LandGEM, provided by the American environmental protection agency (EPA). It 

considers the variation by the time of the landfill gas produced by the computation 

of the following equation [34]: 

 

𝑄𝐶𝐻4 =  ∑ ∑ 𝑘 ∙  𝐿0 ∙ (
𝑀𝑖

10
) ∙ 𝑒−𝑘𝑡𝑖𝑗1

𝑗=0.1
𝑛
𝑖=1     (1) 

 

Where QCH4 is the annual production of methane, i is the index which considered 

the annual increase of waste, n is the year of the calculation, j is the increase of the 

 

Fig. 1. General scheme of MSW generation, collection and disposal in Monteagudo 
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calculation into each year, k is the constant related to the kinetic of methane 

production (considered equal to 0.05), L0 is the capacity of methane production (170 

m3/t of waste), Mi is the quantity of waste disposed in the year i, while tij is the age 

of the quantity disposed in the year ij [34]. In particular, the model estimates the 

quantity of methane, non-methane organic compounds (NMOC) and carbon 

dioxide. The most dangerous contaminant produced by the dump site is methane, 

since its green-house effect is 24 times higher than carbon dioxide.  

The general hypothesis made for the calculation are the following: 

• the quantity of waste disposed from the year 2011 is about 24,090 tons (the half 

composed of putrescible fractions); 

• the 50% of the landfill gas produced is methane;  

• the open dump site is considered as a controlled landfill; 

• the mass of methane and dioxide carbon increase linearly. 

By the equation (1), it can be estimated that in six years the methane produced is 

equal to 431.34 tons, about 645,500 Nm3 (density equal to 0.667 kg/m3),  while the 

CO2 produced is about 1,183.49 tons (1.831 kg/m3), which will increase during the 

next years since the open dump site is still in operation (Figure 2). It means that, in 

six years, the open dump site alone contributed to the Green-House gas (GHG) 

emission as about 9,000 cars which travels 10,000 km per year and which produce 

127 gCO2/km. This quantity of GHG produced represent the cumulate quantity 

generated during the years, without considering variation of the seasonal 

conditions, waste fractions and generation per inhabitant. However, it provides an 

useful data for estimating the main impact due to waste mismanagement. 

 

 
Fig. 2. Tons of methane and carbon dioxide released during the years by the open dump site according to 

the results of equation (1). 
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 For estimating the production of landfill leachate (LL), it has been 

considered that the annual precipitation during an ordinary year is about 923 mm 

and that the area of the disposal site is about 0.5 ha. The equation considered is the 

following: 

𝑄𝐿𝐿 = 0.3 ∙ 𝑃 ∙ 𝐴 ∙  (
1

1000
)     (2) 

Where QLL is the flow of leachate measured in m3 per year, 0.3 is the coefficient 

which take into account the variation of the infiltration of the rain into the soil while 

A is the area of the open dump site. The equation provides a stream of about 1500 

m3 of leachate per year, with high concentration of COD, BOD, N, P, and heavy 

metals, among others pollutants [33]. As mentioned above, the quantity does not 

considered the seasonal variation of the leachate release and it represents an average 

which could allow decision makers to introduce measures of mitigation for 

preventing environmental contamination and improving the health of the local 

population.  

 In conclusion, this approximated data obtained by preliminary computations 

allow understanding the compulsory requirement of introducing  new management 

practices and regulations for reducing the contamination of the area around 

Monteagudo, particularly due to the final disposal of the waste. 

3.4. The social survey to the students of Monteagudo 

A sample of 60 high school students were interviewed in order to evaluate 

public perception on environmental issues and ecological subjects [35]. The 

questionnaire suggested was built with 20 questions in Likert scale and binary 

responses (Yes-No) and which considered also the possibility that the students do 

not know the answer. The information gathered would provide information about 

the perception, the general knowledge and the recycling behaviour of the students. 

The school is the only existing within the area, and the structure has been built by 

the Salesian organization in 2006. The students interviewed have an average age of 

17.5 years old and the 59% are girls. The questions provided to the students are 

listed in Table 2 whereas an analysis of the results were introduced by commenting 

the frequencies obtained.  

Table 2 

Questions of the social survey 

N° Question Answers 

1 Quantity of waste selected at home 1.Nothing; 2.Something; 3.The half; 4.The 

majority; 5.Everything; 6.I do not know 

2 Who provide the waste collection? 1.Municipality; 2.Private sector; 3. Waste 

pickers; 4. Women and children; 5.Others 

3 Frequency of the collection (per week)  1.One time; 2.two times; 3.three times; 4. 

Four times; 5. Five times; 6. Never 

4 The collection timetable satisfy the citizens 
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5 The timetable of the collection service is respected 1.Never; 2.Sometimes; 3.Often; 4.Mostly; 

5. Always; 6.I do not know 6 The waste is collected by the waste pickers 

7 Are there sensitivity campaigns into the school? 

8 Are there recycling campaigns provided by the 

municipality? 

9 Do you use the bin to through the waste? 

10 Does your family use reusable bags? 

11 Are there bins for the waste in the city? 

1.Yes; 2. No; 3. I do not know  

12 Does the municipality produce compost? 

13 Are there campaigns for the respect of the 

environment? 

14 Are there strategies for the reduction of the waste 

into the city? 

15 The structure of the collection systems is clear 

16 I would like to select the waste at home and within 

the school 

17 Is it the first time that you received information 

about waste management? 

18 Quality of the sanitation systems 

1.Really bad; 2. Bad; 3.Good; 4. Very 

good; 5. Excellent; I do not know 

19 What is the efficiency of the collection systems? 

20 What do you think about the waste management of 

the city 

 

The most important information gathered thanks to this social survey is that 

some households in the city are just applying a selective collection, as a 26% of the 

interviewed affirmed that are recycling the half or more of the waste produced at 

home (Question 1). This practice is understandable as few times during the week 

informal buyers of exploitable materials come in the city in search of recyclable 

waste selected by the citizens. This represents another reverse logistic practice 

applied informally (Figure 1). Nevertheless, the service provided by the 

municipality is not uniform as 40% of the students stated that the collection is 

applied five times per week, whereas 23% affirmed that it is applied less than 2 

times (Question 3). Moreover, collection times are satisfactory for the 60% of the 

students although there is a relevant percentage that do not agree with the current 

service provided (Question 4). Similar percentages were obtained also concerning 

the informal sector which works within the city. The 33% of the sample interviewed 

affirmed that the informal pickers do not work in the city while the 36% stated that 

they work only sometimes (Question 6), giving indication of low awareness about 

solid waste management issues and recycling practices. More accordance was 

achieved for the question related to the sensitive campaign within the school 

(Question 7): 72% of the students answered that such campaigns are provided only 

sometimes, in accordance with the municipal practices. Despite that, it is of interest 

the result obtained for the question ‘Would you like to select the waste within the 

school and at home?’ (Question 16) as the 83% of the students responded ‘Yes’, 

providing a good signal on the willingness to introduce the principle of the circular 

economy into the local context. 
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4. Discussion 

Monteagudo represent the typical developing area where environmental 

preservation do not enter within public regulation and awareness since pollution 

effects are not yet evident and consequently environmental issues are not perceived 

as a real concern for the community. Indeed pollution to water bodies, soils and the 

air around the city are not yet monitored since no specific illnesses due to 

environmental contamination are spreading. However, the river that crosses the city 

and the aquifers are surely contaminated as the infiltration of the rain into the open 

dump is constant and increase during the rainy season. This water is used for 

cultivating the food used in the city, sanitary uses and breeding, therefore citizens 

are indirectly threats by pollutants. Moreover, open burning is really common 

outside the neighbourhoods, resulting in atmospheric contamination and direct 

hazards to human health, although are determined by various combinations of 

weather and climate factors [36-38]. Despite that, solid waste mismanagement is 

not fully recognized by the citizens, as open dumping is not considered as a real 

problem, like also suggested by the answers given by the social survey.  

Solutions are required in short terms as environmental pollution is starting to 

be irreversible since the cost for site reclamation represent a serious barrier for low-

income regions like Monteagudo. International Cooperation, private inclusion and 

introduction of integrated regulations are a sustainable way to overcome such 

issues. Indeed, know-how and technological facilities suited for the context can be 

provided thanks to international aids. The application of the 3Rs (Reuse, Recovery, 

Recycling) principle allows introducing a formal reverse logistic systems improved 

by the private sector and can be a suitable way for improving the economic situation 

of the area, where energy and primary resources are required. Moreover, selective 

collection and correct management practices are rights for local citizens which 

should  receive an easy operated system provided by the municipalities [6, 39-41]. 

In this framework Bolivia national regulation started to provide a few answers in 

2015, when the first Environmental Law about solid waste management were 

redacted. However, many sustainable activities should be applied, involving all 

international and local stakeholders. 

5.  Conclusions 

This paper introduced the issues concerning solid waste management typical of 

developing countries. A Bolivian case study was presented, highlighting main 

problems and barriers for a low-middle income region for developing a sustainable 

solid waste management. So the paper contributed to the provision of an original 

research for evaluating environmental worries, social equity and management 

issues concerning solid waste collection and final disposal. 

Monteagudo is facing with many environmental issues due to open dumping 

and solid waste mismanagement. However, low public awareness on ecological 
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themes and poor economic funds do not allow introducing sustainable systems and 

facilities to treat and recovery solid waste materials. Indeed, open burning and bury 

practices are widespread within the area whereas the municipality do not encourage 

material recycling.  

As a result, Bolivian environment is facing with worrisome mismanagement 

practices concerning solid waste management and ecosystem preservation, like also 

happen within the majority of low-income countries. International cooperation, 

waste pickers formalization, private sector involvement and stakeholder inclusion 

seems to be the right way for solving such issues, although it must be applied in 

short terms in order to prevent higher economic misspend and irreversible 

environmental contamination. 
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