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Abstract 

Throughout the developed and the developing world, brownfield sites continue 
to be created, even while the inventory of these sites lag behind.  In the city of 
Santa Cruz, Bolivia, abandoned brick factories have become illegal dumps that 
threaten human health, the environment, and ultimately the economic viability of 
the communities where they are located.  This paper begins to examine the 
driving factors behind brownfields redevelopment in Bolivia.  Perceived benefits 
of redevelopment projects are compared to gain a better understanding of the 
differences and similarities that may exist between developed and developing 
countries.  A case study of a brownfield site in Santa Cruz is explored to 
highlight the connections between various types of risks and the desired social 
and economic values and ecological functions. 
Keywords: brownfields redevelopment, developing world, sustainable waste 
management, Santa Cruz, Bolivia, sustainability, risk, greenspace, health. 

1 Introduction 

The term “brownfields” is often used in developed countries to indicate former 
industrial and commercial sites that are either contaminated, unused, and/or 
abandoned [1]. Alker et al. [2] defines a brownfield site as “any land or premises 
which has previously been used or developed and is not currently fully in use, 
although it may be partially occupied or utilized.  It may also be vacant, derelict 
or contaminated.  Therefore a brownfield site is not available for immediate use 
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without intervention.”  Based on this definition, brownfields can be located 
within both developed and developing countries.    
     At the international level, several frameworks and programs exist that address 
development issues, such as ecological conservation and environmental risks.  
The United Nations’ Agenda 21 and Millennium Development Goals are two 
examples that have international implications for brownfields redevelopment 
[3,4].  As an example, the following areas were highlighted as goals for shaping 
the Bolivian National Solid Waste Management Strategy, to avoid the creation of 
additional brownfield sites [5]: 
 Chapter 21 of Agenda 21: a) Reduce waste production; b) Increase 

environmentally favorable waste reuse and recycling; c) Promote 
environmentally favorable waste disposal and treatment; and d) Expand 
waste service coverage. 

 Goal 7 of the Millennium Development Goals: a) Integrate sustainable 
development principles into policies and programs to reverse losses of 
natural resources; b) Reduce biodiversity loss; c) Reduce, by half, the 
percentage of people lacking sustainable access to safe drinking water and 
basic sanitation by 2015; and d) Significantly improve, by 2020, the lives of 
at least 100 million slum dwellers. 

1.1 Estimated extent of brownfields in the United States 

Brownfield sites are often associated with negative perceptions, yet these sites 
often represent under-utilized potential within urban areas [6].  Some of these 
perceptions include visual blight, lower municipal revenues, environmental and 
health risks, safety hazards, crime, and illegal dumping [7].  Unfortunately, many 
communities do not even have formal inventories of their brownfield sites.  This 
is often the case in communities with less intensive industrial pasts (i.e., less 
potential for brownfields), or due to fear that property values may be reduced if 
brownfield sites are publicly documented within the community [7].  In 
developed countries, even though brownfields may occupy only a small 
percentage of urban land, these sites can represent a significant problem because 
of their concentrated locations.  For example, in the U.S., 2-3 percent of the total 
land area is built on (primarily urban) [8]; however, the estimated 450,000 
brownfield sites may occupy 6-15 percent of that urban land [1,7,9].   

1.2 Extent of brownfields largely unknown in Bolivia 

Although the term “brownfield” is often used in developed countries to describe 
vacant or contaminated industrial or commercial sites, it can also be applied to 
areas in developing countries that have been contaminated by a variety of 
domestic or industrial uses (e.g., legal and illegal waste disposal, untreated 
wastewater, commercial processes).  In developing countries, brownfield sites 
are not only unaccounted for, but they are often still being created as 
communities struggle to develop and deal with increasing quantities of less 
organic wastes.   
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     Due to the changing composition in the waste streams of many developing 
countries – from primarily organic to more commonly non-biodegradable – 
many brownfield sites are created due to improper solid waste disposal [5,10].  
In the city of Santa Cruz, Bolivia, at least 53 sites (0.25-5 hectares, 1-4 meters 
deep) exist that are abandoned brick-making enterprises (ex-tejerias); 12 of 
which have been converted into illegal dumps (curichis) [10].  Some of these ex-
tejerias are left to natural succession; however, the majority are either used to 
illegally dispose of all types of wastes or are legally filled in with construction 
debris and other rubble to create areas for housing. 

1.3 Objectives 

The health benefits derived from exposure to green spaces, such as enhanced 
physical activity and reduced blood pressure and stress levels, have been 
documented by previous studies [11,12].  Mitchell and Popham [11] found that 
populations exposed to areas with more green space had lower levels of income-
related health inequalities; while those populations lacking green space exposure 
were less protected from health inequalities related to income deprivation.   
     Therefore, in terms of reducing health and other social inequalities, it is 
appears to be beneficial for communities going through rapid urbanization to 
either protect their natural environments, or to restore green spaces via 
brownfields redevelopment [11].  This paper will examine a variety of driving 
factors behind brownfield redevelopment projects in the developing and 
developed world.  Specifically this paper will: 

 Assess the environmental, social, and economic benefits that impact 
brownfields redevelopment projects; and 

 Determine the connections between environmental, social, and 
economic risks and the desired societal values and ecological functions 
of a case study brownfield site located in the developing world.  

2 Case study: brownfields in Santa Cruz, Bolivia 

2.1 Socio-economic condition of Bolivia  

According to the World Resources Institute [13], 1.3 million Bolivians live on 
less than one dollar per day, with 5.1 million living below the basic needs 
poverty line.  In 2001, 61 percent of the Bolivian urban population was living in 
slum conditions, whereas the average in South America was only 36 percent.  
Additionally, Bolivia has a large gap in economic equality – the wealthiest 20 
percent of the population account for almost half of the total spending, yet the 
poorest 20 percent account for only four percent.  As illustrated in table 1, 
despite the socio-economic problems of Bolivia, it is rich in natural capital.  
More than 11 percent of the total land area is protected in Bolivia, which is well 
above the 5.9 percent average for South America. 
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2.2 Brownfields formation in Santa Cruz, Bolivia 

In the last several decades, the population of Santa Cruz has grown rapidly to 
over 2 million inhabitants, making it the largest city in Bolivia.  While the 
national growth rate for Bolivia was 2.7 percent between 1992-2001 (3.6 percent 
in urban areas and 1.4 percent in rural areas), the department of Santa Cruz grew 
at a rate of 4.3 percent (4.9 percent in urban areas and 2.6 percent in rural areas) 
during the same time period [14].  With this population growth, throughout the 
city of Santa Cruz, green space has been lost due to urban development.  
However, much of the remaining green space has been degraded by improper 
municipal waste management practices [10].  The loss of green space and poor 
waste management have resulted in: 1) increased groundwater pollution and 
urban stormwater drainage problems; 2) reduced air quality; and 3) loss of 
natural resources [5,10,15].  

Table 1:  Socio-economic indicators for the United States and Bolivia [13]. 

Indicators United States Bolivia 
Population (2006) 300,038,000 9,138,000 
Population annual growth rate 1.10 2.74 
Life expectancy (years) 77.3 63.9 
Number living on >$1/day - 14.4% 
National Poverty Rate  - 62.7% 
Human Development Index (1=most developed) 0.94 0.68 
GDP per capita (2002) $35,746 $2,459 
Health care expenditures per capita, total (2001) $4,887 $125 
Male Annual income $43,797 $3,463 
Female Annual income $27,338 $1,559 
Total land protected 8.4% 11.1% 
Number of wetlands of international importance 21 8 
Number of biosphere reserves 47 3 

 

     Throughout Santa Cruz (figure 1), many brownfield sites have been created as 
a result of unsustainable waste management. These sites are an indirect result of 
brick-making enterprises, which create depressions in the landscape as they 
extract clay soil. Once abandoned, these depressions develop into wetland-type 
habitats. However, rapidly expanding city limits have placed these sites within or 
near communities. Due to a lack of waste management and education, residents 
use these sites to illegally dispose of all types of wastes, including hazardous and 
biological wastes [10]. After decades of degradation, these curichis have lost 
much of their natural water-storage capacity as well as biodiversity [15].  
     Much of the waste discarded in these curichis (e.g., tires, plastics, metals, 
electronics) is processed via open burning, which is detrimental to both human 
health and the environment.  Residents have reported health problems they 
associate with open burning events; however, many of the low-income 
communities lack the resources and knowledge to effectively change these long-
standing social practices or engage the assistance of the municipal government.   
     Air pollution, water contamination, direct contact, and disease transmission 
are several of the important exposure routes identified for improperly disposed 
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Figure 1: Map of land-locked Bolivia, including the department of Santa 
Cruz and the city of Santa Cruz.  

 

 

Figure 2: Modified “F-Diagram” developed for this study for solid waste 
that includes five routes of exposure: air, water, disease vectors, 
animals, and direct contact. Barriers to transmission, indicated by 
italics, include engineering and policy solutions and social 
behavior changes – all requiring a certain level of formal or 
informal education.   

municipal waste in Santa Cruz curichis (figure 2).  These exposure routes have 
the greatest socio-economic impacts for residents, particularly children [10]. 
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3 Results 

The benefits of brownfields redevelopment in developed countries are well 
documented [7,12,16-18]; however, brownfields and other contaminated sites are 
just now starting to be considered in some developing countries [5,10,19].  
Therefore, it is important to identify the potential benefits of brownfields 
redevelopment in order to restore the desired values and functions of these sites.  
Benefits of brownfields redevelopment were identified for a developed country 
(U.S.) and a developing country (Bolivia) to examine differences and similarities 
that may exist.  Key environmental, economic, and social benefits were selected 
based on available literature and the primary author’s experience with brownfield 
sites in Bolivia (table 2). 

Table 2:  Potential benefits of brownfields redevelopment that are perceived 
in the U.S. and Bolivia – assuming mixed projects of 
residential/retail and various types of green space 
[11,12,16,17,20]. 

Type of Benefit  Developed (U.S.)  Developing (Bolivia) 
Environmental Benefits 

Reduce health 
risks 

Reduce chronic health risks such as 
cancer, nervous system damage, 
heavy metal poisoning, etc; 

Reduce acute health risks (i.e., 
malaria, diarrhea, respiratory 
ailments) and chronic risks 

Creation of green 
space 

Contribute to maintaining 
biodiversity, moderating the heat 
island effect, reducing pollution, and 
demonstrating sustainable urban 
environmental management  

Provide sustainable stormwater 
drainage, pollution reduction, 
urban wildlife habitat, and 
community gathering sites (i.e., 
soccer field, parks) 

Environmental 
justice 

Increase access by lower-income 
residents to environmental 
recreational opportunities  

Reduce exposure by lower-
income residents to illegal dumps 
and associated health risks 

Economic Benefits 
Job creation Increase local and regional jobs in 

retail, housing services, and/or park 
maintenance 

Increase opportunities for 
individual family businesses or 
green space maintenance 

Spill-over 
economic effects 

Improve overall neighborhood 
quality, attract investment, increase 
property values, and stimulate local 
economies  

Reduce crime, improve 
community health, and prevent 
flood damage  

Prevent housing 
abandonment 

Increase desirability to live in urban 
area and reduce urban sprawl 
pressures 

Reduce crime and improve 
aesthetics 

Social Benefits 
Restore 
neighborhood 
empowerment 

Improve residents’ overall well-
being and renew sense of pride in 
community 

Improve overall residents’ well-
being and renew sense of hope in 
community  

Use of existing 
infrastructure 

Reduce pressure on undeveloped 
greenfields  

Reduce development costs and 
protect green spaces 

Improve city 
services 

Increase tax revenues and revitalize 
urban landscape 

Increase urban drainage and 
improve recreation areas 
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     For both the U.S. and Bolivia, incorporating green space into brownfields 
redevelopment would help provide safe access to urban environmental services 
(i.e., recreation opportunities, urban wildlife habitat, pollution reduction, etc), 
which would restore economic and social values and enhance urban 
environmental functions.  Additionally, both countries would benefit from 
reduced health risks (both chronic and acute for Bolivians), greater 
environmental justice – particularly for lower-income groups, and greater overall 
well-being for residents.  The differences between the two countries were most 
apparent for the economic benefits of redevelopment.  Communities in the U.S. 
would benefit from increased jobs, tax revenues, and property values, as well as 
reduced urban sprawl; whereas communities in Bolivia would benefit from 
reductions in flood damage, crime, and health risks (and their associated costs).  
     Figures 3 and 4 illustrate the connections between various types of risks and 
the desired social and economic values and ecological functions for curichi 
brownfield sites in Santa Cruz, Bolivia.  Figure 3 focuses on engineering and 
policy solutions that would reduce existing human health risks as well as restore 
ecological functions and societal values to the curichis.  Figure 4 demonstrates 
important social behavior changes that would reduce economic, human health, 
and environmental risks, achieve societal and economic benefits, and restore 
societal values and ecological functions to the curichis in Santa Cruz.  In order to 
achieve the desired brownfield functions and values, both engineering/policy 
solutions and social behavior changes need to be jointly implemented.  As shown 
with the Bolivian National Solid Waste Management Strategy [5], policies and 
practices are being discussed at the national level to improve solid waste 
management.  Incorporating environmental education into the Bolivian school 
system has been put forth as a primary method for achieving these desired 
behavior changes in the long term [5].  Currently, few schools in Santa Cruz 
have any sort of environmental education program; however, this is beginning to 
change.  Several small-scale environmental education programs have been 
initiated despite funding issues, which has reduced the extent to which these 
programs can be implemented, particularly for public schools [21].   
     The larger issue with the redevelopment of brownfields in Santa Cruz, as with 
many other areas in the world, is creating an awareness of the inter-related 
problems of environmental degradation, human health impacts, and economic 
viability. Additionally, these long-term problems require collaborative 
partnerships between diverse stakeholders that includes learning and trust-
building among all participants.  
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