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   ABSTRACT
  Wa ste management is a signifi cant problem in 

Guatemala, as elsewhere in the developing world. The 

inappropriate disposal of solid waste produces pollution 

and places the environment and human health at risk. 

Environmental risk factors, including inadequate disposal 

of solid waste, are implicated in 25–30% of disease 

worldwide with children bearing a disproportionate 

burden of those diseases. Therefore, economic 

development which reduces inappropriate disposal of 

waste and affords economic opportunities may help 

reduce the global burden of disease on children. In the 

indigenous highlands of central Guatemala, a community 

supported non-profi t organisation called Long Way 

Home ( http://www.longwayhomeinc.org ) is employing 

alternative construction techniques to build a vocational 

school complex. The construction of the school from 

waste materials demonstrates the use and principles of 

re-purposing materials, helps clean the environment and 

affords further educational and vocational opportunities. 

This article will outline the health problems inherent in 

an indigenous area of a developing country and will offer 

an alternative solution to reverse environmental risk 

factors associated with solid waste pollution and also 

actively improve child health.     

  BACKGROUND: WASTE AND THE 
IMPLICATIONS FOR CHILD HEALTH 
  The global picture  

 While waste remains valueless it will be wasted: 
and this valuelessness is a consequence of the 
tunnel vision from which we in the West all 
suffer.   
 Martin Pawley,  Garbage Housing , 1975.  

 H uman health is inextricably linked to the envi-
ronment and environmental problems ranging 
from air and water pollution to drought and war 
contribute to illness in humans. Environmental 
threats have been historically related to poverty 
and under-development. 1  These include insuf-
fi cient access to safe and clean drinking water, a 
lack of home and community sanitation, indoor 
air pollution associated with coal and wood burn-
ing for cooking and heating, inadequate solid 
waste disposal in poorly sited dumps or by con-
tinuous open burning of waste, natural disasters 
and vector-borne diseases carried by insects and 
rodents. In 2000 the WHO estimated that a third 
of all human deaths, or 50 000 daily, are linked 
to poverty, 2  that 272 million school days are lost 
each year due to diarrhoea, 3  that diarrhoea causes 
nearly 2 million deaths annually (mostly of chil-
dren) and that 90% of these deaths could be pre-
vented by environmental changes. 3  An estimated 
43% of the total burden of disease due to envi-
ronmental risk factors falls on children under the 
age of 5, although they only compose 12% of the 
population. 4  

 Citizens of developing countries are dispro-
portionately affected by environmental factors 
because of underfunded governments, undevel-
oped environmental policies and internal corrup-
tion which all contribute to unequal distribution 
of wealth and services. A 1999 study conducted 
by Smith  et al  4  concluded that between 25% and 
33% of the global burden of disease had an associ-
ated environmental risk factor and that the risk 
lessens with economic improvement ( fi gure 1 ).   

Children under the age of 5 bear a dispropor-
tionate burden because of their age-related vul-
nerability to common diseases associated with 
environmental risk factors. T hey are particularly 
susceptible to acute respiratory infection and 
acute gastroenteritis (the largest single causes of 
mortality), which are responsible for the disease 
burden in resource poor settings being 10 times 
that in developed countries.  

  The Guatemalan picture 
 Although quantifying the causes o f disease is 
complex, the evidence for environmental causal-
ity is beyond doubt. In rural areas of Guatemala 
in 2000 only 70% of the population had access to 
potable water and 29% had no access to sanita-
tion services. 5  In urban Guatemala only 81% had 
access to solid waste collection and 100% of fi nal 
disposal was considered poor (in open dumps or 
equivalent). 5  

 According to a 1998 study of municipal solid 
waste management in Latin America and the 
Caribbean, there were no sanitary landfi lls in 
Guatemala and the municipal government had 
one of the lowest expenditures for this service in 
the region. 6  The entire public investment in solid 
waste management was less than 2.0% of the 
municipal budget and less than 0.05% of GDP, 
and was ranked second to last out of seven catego-
ries in the region. 6  In small cities there are no pub-
lic dumps and waste is disposed of in open dumps 
and water bodies. The report concludes that “to 
achieve sustainable development, it is necessary 
to increase waste recovery, reuse, and recycling. 
The most important issue to prevent nega-
tive environmental impacts is to improve MSW 
[municipal solid waste] management,  specifi cally 
fi nal disposal”. 6  

 Poverty creates a host of environmentally 
related pressures on resources which include the 
fouling of water supplies due to the mismanage-
ment of waste. Citizens of poorer countries have 
fewer municipal resources controlling, regulating 
and managing basic needs such as water sanita-
tion and disposal of waste, including both bio-
logical and industrial waste products. As a result 
the waste is processed, collected and contained 
in an insanitary manner and is disposed of in 
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waterways, ditches and backyards. Using alternative construc-
tion that removes waste from the environment and supplies a 
more structurally sound and healthy alternative compared to 
current construction options offers a multifaceted solution to 
health and environmental issues in developing countries.   

  EXPLANATION OF LONG WAY HOME 
  Background 
 San Juan Comalapa is a rural municipality in the west-central 
highlands of Guatemala with a population of 41 000 which is 
95% Kaqchiquel Maya and 5% Ladino (of mixed racial ances-
try). In San Juan Comalapa 57% live in poverty and 10% live in 
extreme poverty. This pervasive poverty puts pressure on local 
natural resources resulting in pollution of waterways, hillsides 
and the air, which leads to illness and a degraded landscape. 
Historical social inequalities in the country have led to the 
marginalisation of the indigenous population and disparities 
in wealth, access to healthcare and education. 

 Long Way Home began operations in San Juan Comalapa 
in 2004 with the grassroots development strategy of bringing 
local indigenous residents together to learn about eco-friendly 
living, appropriate sustainable technologies and improved 
waste management solutions. The fi rst project completed was 
a community centred recreational park called Parque Chimiyá, 
which features a soccer fi eld, basketball court, tree nursery, 
community kitchen and recycling centre. 

 In 2008, Long Way Home purchased land to build an edu-
cational complex utilising a whole-systems approach, which 
included the use of thermal mass structures, passive solar heat-
ing/cooling, active and passive solar energy, rainwater harvest-
ing, permaculture and seismic resistant structures. This new 
centre is comprised of primary school classrooms, vocational 
workshops, a library, an internet cafe, offi ces, meeting spaces, 
a dining area, a recreational space, gardens and a volunteer area 
( fi gure 2 ). The construction mainly employs alternative and 
natural building methods including the use of rammed-earth 
tyres and inorganic trash-fi lled plastic bottles. Gardens sup-
ply food for the school, while the nursery produces regional 
trees and plants for local reforestation. Construction began in 
January of 2009 and will be fi nished by 2014.   

  Material collection and re-use 
 Materials are the backbone of the project and heavily infl uence 
the school’s design and building techniques. Rammed earth, 
re-purposed waste, and natural and low cost materials are the 
main elements used for the school’s construction. Used car and 
truck tyres are a key component, and are packed with dirt to 
create rammed-earth tyres that are stacked to form building 
and site retaining walls ( fi gure 3 ).   

These tyres are collected for free from nearby auto-mechanic 
shops, where the owners would otherwise pay to have them 
taken away. Because tyres are built to be durable they persist 
in landfi lls for many years, where they can leech chemicals, 
breed mosquitoes and catch fi re. Their durability makes them 
an excellent casing for rammed-earth elements. When fi lled 
with earth they become a strong, easily stacked and appropri-
ately sized component for building and retaining walls. Tyre 
building innovator, Michael Reynolds explains that “the very 
qualities of tires that make them a problem to society (the fact 
that they won’t go away) make them an ideal durable building 
material”. 7  Additionally, they are free, local and consistently 
available. As these benefi ts become more widely recognised, 
used tyres will become a commodity and will eventually 
boost the local economy. 

 In addition, used plastic bottles are packed with inorganic 
trash to create trash bottles that are laid vertically as fi ll between 
wall frames ( fi gure 4 ). Tyres and plastics are responsible for a 

 Figure 1    The distribution of environmental and non-environmental 
risk factors for disease throughout the world demonstrates that 
Latin America is similar to the global average. The d ata represent 
annual disability adjusted life years per 100 years per capita. The 
more developed countries comprising the category of ‘Established 
Market Economies’ shows the effect that development can have on 
environmental risk factors fo r disease. 4     

 Figure 2    Master plan of the Técnico Maya School in San Juan 
Comalapa, Guatemala, which will begin educating students in 2012. 
The vocational and primary school complex occupies 1.75 acres 
and offers a beautiful setting where students can learn about the 
benefi ts of waste management, alternative construction and relevant 
technology.    

 Figure 3    A single rammed-earth tyre holds three wheelbarrows of 
dirt and takes a labourer 20 min to complete. The vocational school 
pictured here utilises 600 used tyres, which would other wise be 
thrown in landfi lls or burned. Once the rammed-earth tyre walls are 
built they are covered with a smooth plaster on the inside and outside.    
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large portion of local contamination and building walls with 
these waste materials is one way of mitigating this environ-
mental degradation. 8     Trash bottles are collected and created 
close to the construction site. Plastic bottles and inorganic 
trash are ubiquitous in San Juan Comalapa, and are frequently 
seen in the streets, rivers and on forest paths. Creating a trash 
bottle is an easy task for all ages, is particularly appealing to 
youth, and calls for an immediate ‘buy-in’ from the commu-
nity. Inorganic trash, such as plastic wrappers from common 
snacks, is compacted into an empty plastic bottle using a thin 
rod that fi ts through the top of the bottle. 

 Students are taught about the importance of making trash 
bottles at school through environmental education pro-
grammes and at Parque Chimiyá. Long Way Home has placed 
a monetary value on the trash bottles by setting park admis-
sion at one trash-fi lled bottle. In this way a new currency is 
created and social norms are formed. 

 This campaign has already reduced municipal litter, intro-
duced local families to a new waste management solution and 
has simultaneously created a stream of building materials for 
Long Way Home’s construction projects. Attendance at the 
park in 2008 totalled 18 000, and one-third, or 6000, of these 
visitors entered with a trash bottle. In 2009, Parque Chimiyá 
collected 10 000 trash bottles ( fi gure 5 ).   

  Benefi ts of re-valuing 
 Utilising materials such as these re-values something that was 
previously seen as lacking in value and a burden on society. By 
re-valuing waste Long Way Home’s integrated alternative con-
struction project is currently alleviating health issues in fi ve 
important ways:     Using waste material for construction results 
in less waste material accumulation in locations where it can be 
harmful to humans and/or harmful to the local environment. 
“Every day, around the world”, according to public-health 
expert Eileen Stillwaggon, “ illnesses related to water supply, 
waste disposal, and garbage kill thirty thousand people and 
constitute 75 percent of the illnesses that affl ict humanity”. 9  

   Using waste material for construction results in lower 1. 
building costs. Projects utilising waste and natural mate-
rials often cost less than an equally sized project using 
manufactured materials. However, even in circumstances 
where the fi nal project cost is the same, there is a signifi -
cant difference in the breakdown of the project budget. The 

utilisation of waste materials allows a greater proportion 
of the construction budget to be allocated to labour rather 
than to materials. This means more money into the pockets 
of the labourers, and labour is a plentiful resource in this 
overpopulated and undereducated area. Low cost building 
options are important in fostering economic development 
in impoverished areas. 
   Using waste material for construction results in a practical 2. 
demonstration of how to reuse the abundance of discarded 
material found in the community. This tangible example 
will inspire more students to study sustainability, alterna-
tive construction and waste management. And students 
who do so will be agents of change in their local commu-
nity and beyond. 
   Using waste material for construction is an effective devel-3. 
opment strategy because it engages the community. Creating 
trash bottles and general trash collection is a task suited to 
all ages and skill levels. Allowing communities to take part 
in a building project, even in a small way, helps people feel 
they have an investment in the outcome of the work. 
   Vocational education leads to employment, which has a 4. 
broad positive effect on health. With a combined vocational 
and environmental curriculum, the Técnico Maya School 
will produce Guatemalan citizens uniquely equipped to 
provide innovative solutions for their community. From 
organic gardening to alternative construction methods, local 
youth will be learning about the inextricable link between 
environmental health and physical well-being. The voca-
tional school will offer coursework in carpentry, masonry, 
mechanics, electrical courses, welding, horticulture, cook-
ing, small business management and artisan entrepreneur-
ship ( fi gure 6 ). This training will prepare students to fi nd 
employment in their chosen trade, successfully run a profi t-
able business and pass their skills on to the next generation 
( fi gure 7 ). Privately contracted construction projects will 
provide practical opportunities for the students and income 
for the school, and will expand the awareness and practice 
of sustainable building in the area.       

  THE FUTURE 
 Re-utilising waste products as a building resource is posi-
tively affecting children’s health in San Juan Comalapa 
by decreasing pollution and poverty. By increasing access 

 Figure 4    A trash bottle is easily created by children and adults 
alike and holds 2 lb of common household trash. This small toilet 
house utilises 1500 trash bottles and can be erected in 1 week. The 
Técnico Maya School’s 2000 ft2 library will also employ trash bottles 
in this way.    

 Figure 5    Children in San Juan Comalapa regularly bring trash bottles 
as their entrance fee to Long Way Home’s recreational park. They 
are excited to play a part in building a school from trash, and are 
very receptive to learning about the connection between solid waste 
management and preserving their environment.    
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to education and job creation, the Técnico Maya School is 
improving the health of Guatemala’s most needy children. 
In addition,  the community is already seeing the use of 
‘trash bottles’ in schools as children pack their non-perish-
able trash into individual plastic bottles inste ad of discard-
ing the trash on the streets. Long Way Home’s work is part of 
a larger global context that is using alternative construction 
to create a more sustainable community and a healthier built 
environment. 

 The US Peace Corps has been utilising waste materials to 
improve health for many years. In Guatemala they have built 
successful trash bottle schools in four Guatemalan depart-
ments (San Marcos, Baja Verapaz, Quiche, Quetzaltenango) 
with funding from t he non-profi t organisation H ug It Forward 
(personal communication from Carolyn Beal, October 2010). 
Formal information is still being gathered, but anecdotal 
reports show that these trash bottle schools have decreased 
pollution and improved child health. 

 Earthship Biotecture, a design/build fi rm in Taos, New 
Mexico has employed rammed-earth tyres in post-earthquake 
housing in Haiti. 10  Their most recent project in Port-au-Prince 
illustrates the applicability of tyres to earthquake prone areas 
with a high level of poverty. Further examples of rammed-
earth tyre buildings can be found in Orange Hill in Jamaica, 11  
Kodaikanal in India, 12  San Juan Del Sur in Nicaragua 13  
and Brighton in the UK. 14  These projects demonstrate that 
rammed-earth tyre construction is applicable to many regions 
of the world and can be part of improving child health on a 
global scale. 

 In addition to travelling to San Juan Comalapa to volunteer 
on a building project or host a health clinic with Long Way 
Home, paediatricians can affi liate themselves with similar 
groups addressing the root causes of poverty and disease in 
other countries. 4 Walls International ( http://www.4wallsintl.
org/ ) and Containers to Clinics ( http://www.containers2clin-
ics.org/ ) utilise waste materials to build housing in Mexico 
and health clinics in Haiti, respectively. Organisations such 
as Partners In Health ( http://www.pih.org/ ), Partners In 
Development ( http://www.pidonline.org ) and the African 
Medical and Research Foundation ( http://www.amref.org/ ) 
provide an opportunity for paediatricians to contribute medi-
cal services in various countries around the world. 
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 Figure 7    The classrooms will be a place where students can learn 
the writing, language and accounting skills necessary to run a small 
business and will ensure students are studying in a clean, well-lit 
and comfortable environment.    

 Figure 6    The workshops will be a place for students to learn 
traditional trades as well as alternative construction and relevant 
technology. This rammed-earth tyre structure will be a laboratory for 
student’s experiments and hands-on learning.    
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