How can ecological urbanism promote human health?

Como o urbanismo ecolégico pode promover a saide humana?

Lais Fajersztajn®, Nilmara de Oliveira Alves®, Micheline de Souza Zanotti Staglionario Coelho!®®!, Mariana Matera Veras®d,
Paulo Hildrio Nascimento Saldiva®

[l Universidade de Sdo Paulo (USP), Faculdade de Medicina, Departamento de Patologia, Laboratério de Poluigdo Atmosférica
Ambiental (LIMO05), Sdo Paulo, SP, Brasil

bl Center for Air Quality and Health Research and Evaluation, Sydney, Australia

[l Instituto Nacional de Andlise Integrada do Risco Ambiental (INAIRA), Sdo Paulo, SP, Brasil

Abstract

Resumo

This special issue of URBE dedicated to Ecological Urbanism focuses on the role architects, landscape designers
and urban planners can play in promoting healthier cities in Latin America. In this paper, we survey some of
the empirical evidence that links the built environment with particular health outcomes. For many centuries,
urban settlements were associated with adverse health outcomes, especially related to untreatable epidemics.
As the science of disease transmission developed throughout the nineteenth century, the infrastructure of
cities was transformed to promote improved public health. Significant gains were made, but in much of
the world - Latin America included - urban health still remains a major challenge, all the more so as drug
resistant strains of disease have become more prevalent. We believe Ecological Urbanism offers a promising
framework for addressing these challenges. Distinguished by its integrated, multi-disciplinary foundation,
Ecological Urbanism directly links both population and habitat health. This creates a natural opportunity
for the design professions to play a more consequential role in shaping the health of urban settlements and,
by extension, the regions they center.
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Esta edi¢cdo especial sobre urbanismo ecolégico da revista Urbe destaca o esforgo de arquitetos, urbanistas e
designers em contribuir para cidades mais sustentdveis na América Latina. O objetivo deste estudo é oferecer
aos arquitetos e urbanistas evidéncias cientificas sobre como o meio ambiente urbano impacta a satde.
Historicamente, o viver nas cidades primeiro se associou com piores condigbes de satide, representando um
risco maior para célera e doengas infecciosas. Depois das medidas sanitdrias, viver nas cidades passou a
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ser uma vantagem para a satide, quando comparado com a vida rural. Atualmente, a América Latina ainda

convive com doengas infecciosas caracteristicas do passado, ao mesmo tempo em que enfrenta um aumento

crescente na incidéncia de doengas cronicas, classe de doengas que prevalecem na cidade e sdo modificadas

pelo ambiente urbano. Com foco multidisciplinar e abordagem fluida entre diferentes escalas de andlise,

o Urbanismo Ecolégico surge como uma solugdo promissora para proteger simultaneamente a satide das

pessoas e do planeta. Nés esperamos que, depois desta discussdo, arquitetos e urbanistas usem a abordagem

do Urbanismo Ecoldgico para abragar a ideia de proteger a satide através do exercicio de suas profissoes.

Palavras-chave: Cidades sauddveis. Urbanismo ecolégico. Mobilidade urbana. Poluigdo do ar. Agricultura

urbana.

Introduction

Changes in cities with the goal of increasing the
energy efficiency of buildings, access to low-cost
active transportation, and access to green spaces are
key steps simultaneously to address climate change
and to promote human health (Watts et al., 2015).
Eighty percent of the population of Latin America
(LA) live in urban areas, and inadequate or unplanned
basic infrastructure remains a prevailing condition in
many cities of this part of the world. Urban planners,
architects and designers are in the position to reverse,
or atleast to mitigate, most of the unhealthy exposures
characteristic of city environments, and the Ecological
Urbanism (EU) approach offers a promising framework
for addressing these challenges. Distinguished by its
integrated, multi-disciplinary foundation, EU directly
links population and habitat health, creating a natural
opportunity for the design professions to play a more
consequential role in shaping the health of urban
settlements and, by extension, the regions in which
they are centered.

In this paper, we aimed to provide architects and
urban planners with empirical evidence about how
city environments impact human health. Although
there is a growing body of evidence relating city
environments to human health, many questions remain
unanswered due to the methodological challenges of
addressing all of the variables of a complex system
such as a city, as well as variability among local city
realities. Furthermore, very robust scientific evidence
is necessary to change practices linked to economic
activities in complex scenarios. In a previous study,
we showed that high local knowledge production in
the field of air pollution was correlated with better
local air quality at the national level (Fajersztajn, et al.,,
2013). Nawrot and colleagues (2011) showed that
air pollution is an important trigger of myocardial

infarction, similar in magnitude to other well-accepted
risk factors (e.g., physical exertion and alcohol
consumption), but the stringency of national air
quality standards remains greatly different among
countries (Vahlsing & Smith 2012). Scientists began
to associate tobacco with severe health impacts
in the early 50s (Doll & Hill, 1954), but important
health-related polices were notimplemented in some
cities for a long time or were not implemented at all
in other cities. Sao Paulo banned smoking in public
spaces in 2009, other Brazilian cities banned it in
2014, but Havana has not banned it at all. Thousands
of scientists at the IPCC (Intergovernmental Panel on
Climate Change) endorsed the scientific evidence for
climate change. However, we still do not have a global
climate agreement. Without such robust scientific
evidence, the international community would likely
not be discussing a climate agreement at all (IPCC,
2013).

In this paper, we propose a discussion of the links
between the built environment and public health from
five thematic standpoints: a) transportation, mobility,
and physical activity; b) urban food production; c) urban
heatislands; d) thermal comfortand indoor air quality;
and e) sanitation and wastewater management.
Although we discuss these topics separately, there are
overlaps between them. We classified the thematic areas
according to Rydin et al. (2012) study because they
discussed the role of urban planning in implementing
health improvements from the perspective of health,
which is our research field.

Despite the progress in the domains listed made
over many decades, long before the term EU was
coined, the resulting benefits were not experienced
by all of the residents of LA cities. Furthermore, city
environments are constantly changing (e.g., aging
populations, new technologies, and climate change),
requiring new and/or flexible approaches to urbanism
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projects. Fluid in scale and with a disciplinary focus,
EU has emerged as a promising framework to protect
both the population and habitat health.

Nancy Krieger (2014) introduced the social
determinants of health in the book Ecological Urbanism,
and she showed that the neighborhoods of Boston
affect health differently.

The Moving to Opportunity experiment conducted
at Harvard University with 4,600 families showed
that providing low-income families with assistance
to move to better neighborhoods greatly improved
the mental and physical health of children and adults
(Ludwig et al.,, 2013; Chetty et al,, 2015). If EU could
reduce the socioeconomic disparities in a city, it would
greatly benefit the health of urban populations in
LA. Moreover, there are other forms in which EU can
benefit human health. Some of the city-level polices
to reduce greenhouse gas (GHG) emissions entail net
benefits to human health (Watts et al,, 2015).

Usually, different ecological approaches have
argued against anthropocentrism because it has
resulted in the unsustainable exploitation of nature
resources and the related severe impacts on natural
ecosystems. However, humans are not only aggressors
but also victims, particularly regarding their own
health. In Brazil, despite its effectiveness, the body
of laws and regulations protecting ecosystems and
biodiversity are robust, but the implications for
the health of human beings due to changes in city
environments are frequently neglected. While a new
urban enterprise undergoes a strict environmental
impact evaluation before being approved, possible
health impacts, such as the adverse effects of noise
and local air pollution exposure owing to changes in
road use, are barely evaluated (Saldiva, 2010). It is
important to emphasize that an ecological approach
does not contrast with a human health approach.

The five domains we discuss in this paper are
somewhat related to mental health, but considering
the increased concern about mental illness in city
environments, we will underscore some of these
relationships. Although the potential influence of
individual characteristics on mental health status is
well recognized (WHO, 2014a), less is known about
the association between features of the context in
which an individual lives and their mental health
(Weich etal., 2001). Studies have shown that greater
socio-economic disadvantage, a poorer physical and
social environment, and higher levels of crime are

How can ecological urbanism promote human health?

stressors that can lead to mental illness (Galea et al.,
2011). Ameta-analysis combined data from 16 countries
and concluded that psychiatric disorders are more
prevalent in urban areas - a 1.39 times higher risk -
than in rural settlements (Peen et al., 2010). Mental
and neurological disorders account for almost one
quarter of the total burden of disease in LA and the
Caribbean (PAHO, 2013). Rising levels of violence and
mental illness in LA require integrated actions at the
government level, as well as in health institutions,
society, and other sectors (Harpham, 2009). Urban
settlements could shape mental health for the better
by reducing social deprivation and violence through
the devices discussed in this paper (e.g.,, community
gardens).

In this paper, we first briefly describe the historical
links between health and urban planning. Next, we
propose a discussion based on the five thematic areas
proposed by Rydin et al. (2012): a) transportation,
mobility, and physical activity; b) urban food production;
c) urban heat islands; d) thermal comfort and
indoor air quality; and e) sanitation and wastewater
management. At the end of the paper, we present our
final considerations, including further directions for
research.

Urban planning and health:
a historical overview

Public health and urban planning emerged with the
common goal of reducing the harmful health effects of
rapid industrialization and urbanization. Both fields
were particularly concerned with preventing urban
outbreaks of infectious disease (Corburn, 2004).

The firstinfrastructure improvements to promote
better health in the early 19th century relied on miasma
theory, which was the belief that diseases are caused
by noxious substances present in bad-smelling air.
This theory enhanced public concern with sanitation
and hygiene. Engineering-based measures, such
as sewers and garbage collection, contributed to
containing disease in urban settlements. However,
the great sanitary awakening came in the late 19™
century, when the association between microorganisms
and particular diseases were widely accepted, i.e.,
germ theory. Public health began to devise specific
strategies for controlling and preventing specific
diseases, based on laboratory identification of the
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cause of the disease. At the same time, the public
responsibility for health began to include not only
environmental sanitation, but also individual health.
Developing nations followed this trend, but they
started the sanitary shift a few decades later, by
the middle of the 20th century (Rydin et al., 2012).
However, even now, sanitary facilities have not reached
the entire urban population of LA, particularly the
residents of slums, who are estimated to number 110
million people (FAO, 2014). In Sao Paulo, Brazil, the
sanitary awakening started in the late 19th century,
marked by the foundation of a company to supply
residential water. However, sewage did not receive
the same attention. The first law to regulate water
pollution in the region was passed in 1940, and until
today the sewage treatment rate for the state of Sao
Paulo (of which the city of Sao Paulo is the capital) is
53,34% (Brasil, 2014). Access to health care facilities
has played an important role in improving health
outcomes in cities (Merzel, 2000), but they are not
discussed in this paper.

During the sanitary reform, zoning in countries
such as the United States embodied the concept of
isolating urban populations from the undesirable
externalities of the economy, and it separated the
population from areas strictly designated for functions
considered unhealthy, e.g., industry (Corburn, 2004).
This model probably inspired some LA cities, but their
major challenge has been unplanned growth and the
continued expansion of slums and substandard housing.
Basic urban infrastructure was not implemented
at the same pace of the rapid growth of the urban
population seen in LA.

Subsequently, urban planning and health aims
moved in different directions. The main focus of city
planning became enhancing economic outcomes.
Public health focused on modifying individual risk
factors (e.g., diet, exercise, and smoking), with
successful outcomes. However, the health sector
largely neglected the social dimensions of disease
(Corburn, 2004), restricting the reach of health gains
to selected populations.

Over the past few decades, the World Health
Organization (WHO) has attempted to increase the
overlaps between health and urban planning by two
strategies - health in all polices (Ollila, 2011) and the
healthy cities movement (Rydin et al., 2012) - but
they are not yet robust in LA cities.

Recently, the health community has been concerned
about the health impacts of climate change also
increasing. In 2009, a series of papers published by
The Lancet suggested that actions to reduce GHG
emissions often, although not always, entail net benefits
for health locally (Haines et al., 2009). This year, the
same journal reported that tackling climate change
could be the greatest global health opportunity of the
21st century (Dora et al., 2015; Watts et al., 2015).
Because lower income populations are more vulnerable
to climate change impacts on all scales, not only in
comparing nations, but also within the same city,
tackling climate change is an opportunity to reduce
health inequalities. The EU approach discussed by
Mostafavi & Doherty (2014), in their book that inspired
this publication, is a golden opportunity to reinforce
the links between public health and urban planning
in LA cities, as well as links with the environment.

Building and maintaining cities that shape their
residents’ health for better are not simple tasks.
According to the United Nations, 75.8% of the LA
population live in 198 large cities, and 23% of urban
residents live in slums without access to basic services,
such as housing, clean water, and sanitation. Cities
are complex systems, and WHO has recommended
the use of trial and error in local projects to increase
understanding of how best to improve urban health
outcomes in specific contexts (Rydin etal.,, 2012). Hence,
communication between city planners and the health
sector should be improved and maintained, and this
paper makes a contribution to the health discipline.
To address this trial and error recommendation, we
provide a broad variety of local examples.

In general, chronic non-transmissible diseases
prevail in cities and are modified by them. The LA
challenge is to face this modern pattern of diseases
in highly urbanized regions, along with infectious
diseases and widespread health inequality issues.
The collaborative work between the health sector
and urban planners might result in a considerable
health gain for the region, particularly if planners
focus on strategies to reduce the health inequalities
within cities.

Historically, controlling the environment through
technology (engineering-based measures) was the
main concept driving the cooperation between the
public health and urban planning fields, first through
sanitary-based measures and then using a more
sustainable design. Currently, architects and urban
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planners seek alternative design approaches to address
the whole infrastructure of cities in the EU. Some high
income cities follow each step of this process. LA cities
follow more flexible pathways because some of these
cities are already implementing an EU approach, but
they continue to struggle with poor sewage drainage
and low-efficiency buildings.

Transportation, mobility, and physical activity

According to the WHO, transportation is one
of the social determinants of health. However, its
health aspects are not routinely addressed during the
formulation and planning of urban transport polices
in many LA cities (WHO, 2011).

The flow of goods and people within and through
cities can negatively affect the health of people, the
environment, and the economy. Therefore, there is an
urgent need to improve transportin cities to address
time and air pollutant emissions.

Currently, the urban environment in LA is frequently
characterized by industrialization and environmental
deterioration, as well as crowded cities surrounded
by peri-urban poverty, traffic congestion, and few
or low quality (comfort and time spending) public
transportation options. The prevalent mode of
transportation in cities is private cars. Moreover,
having a car is synonymous with mobility, comfort,
and status (Newman & Kenworthy, 1999). However,
this mode of transportation results in serious health
and environmental problems. Cars restrict physical
exertion, contribute to isolation from social interaction
and stress, and result in loss of hours from work and
leisure due to time spent in traffic. Furthermore,
cars contribute to air and noise pollution, negatively
influencing health (Rissel, 2009). Additionally, car
accidents kill thousands of people every year (Fletcher
& McMichael, 1996 apud McMichael, 1996).

Hundreds of scientific studies have shown how
transportation options can improve health status,
prevent sedentarism-related diseases and mitigate
harmful environmental impacts (e.g., greenhouse gases
emission and urban air pollution). Environment-friendly
and healthy alternatives include walking, cycling,
and the use of public transportation. However, these
alternatives must be safe, comfortable, accessible,
inexpensive, convenient, efficient, and integrated
to cover the whole city to stimulate their use, thus
constituting a challenge for urban planners.

How can ecological urbanism promote human health?

In Europe, strategies to create cycle networks and
integration between cycling and public transportation
have been successful, stimulating the use of active
transport with significant environmental and health
gains (Pucher & Buehler, 2008, 2007).

A recent systematic review of the health impacts
of active transportation, conducted by Mueller et al.
(2015), emphasized that active transport provides
health benefits despite the risks of traffic accidents
and exposure to air pollution, which are outweighed by
the positive outcomes. Active forms of transportation
are linked to increased physical activity and social
interaction. Physical activity can improve the health
status of an individual and can reduce the risk of
developing several diseases, e.g., type 2 diabetes,
hypertension, and obesity. Nevertheless, more than
30% of adults worldwide perform insufficient physical
activity. Moreover, insufficient physical activity, together
with a high-energy diet, is one of the causes of obesity.
Active modes of travel can reduce the number of cars
on the streets, thus benefiting the health by reducing
air pollution.

Unlike in Europe and North America, fewer
cities in LA have introduced active transportation
initiatives. The recent review conducted by Moeller and
colleagues did not find studies conducted in LA, but the
authors excluded studies in Spanish and Portuguese
Language. A search in the PubMed database (using
the keywords “active transportation” and “physical
activity”) yielded 736 results but only four when the
keyword “Latin America” was added. Moreover, only
one (Becerra et al,, 2013) study was in fact on the
topic. According to Becerra and colleagues, the appeal
for active transportation in LA is based on reducing
traffic congestion and not on the environmental and
health benefits of these strategies (Becerra et al,,
2013). Ideally, both the health and environmental
sectors should participate in the decision-making
process, and urban planners should be aware of the
impacts of a built environment and transportation
modes on health.

In contrast, the Web sites of South American
cities depict initiatives in Sao Paulo, Rio de Janeiro,
Curitiba, Bogota, Buenos Aires, and Santiago.
The World Bank has also published reports on the
successful implementation of BRT (bus-based rapid
transit) systems in different countries (e.g., Ecuador,
Mexico). Initiatives that stimulate active transport
also include the construction of exclusive bike lanes
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and the closure of streets to motorized traffic during
the weekends and on holidays for cycling, running,
and walking. Evaluation of the health benefits of
these initiatives has been rare, and the methods to
estimate or predict their health impacts are not precise.
Laverty etal. (2015) examined the correlations among
socio-demographic status, the use of active travel,
and specific health outcomes (adiposity, diabetes,
blood pressure) in adults (mean age: 58 years old)
from six middle-income countries: Mexico, China,
India, South Africa, Russia, and Ghana. They found
that people who use more active modes of transport
presented a reduced risk of being overweight and
lower systolic blood pressure and BMI (body mass
index).Saunders etal. (2013) noted that active travel
could have positive effects on health outcomes but
not specifically on obesity.

Thus, active transportation not only reduces urban
traffic, air pollution, and climate-associated changes,
but it also improves the health status of people.
The benefits rely on healthy increases in physical
activity and social interaction, and on reducing the
levels of air-pollutant exposure in urban areas, which
constitutes a major environmental risk factor for
cardiovascular disease and lung cancer. The only
way to reduce air pollution exposure is to reduce
ambient levels, which requires reducing the emission
of pollutants. According to the WHO (2014b), in 2012,
there were 58,000 premature deaths in LA due to air
pollution exposure.

Vehicle fleets contribute the most to GHG emissions
and therefore to climate change, as well as increased
mortality owing to extreme temperatures. The impact
of temperature on health will be discussed in the
“Urban heat islands” section of this paper.

Active transport integrated into an efficient public
transportation system is an alternative to improve
human health, reduce environmental pollution, and
mitigate climate change. The challenge that urban
planners and policy makers face today in developing
counties is how to implement these changes in
previously built urban environments designed to favor
the private car mode of transport and to attract users.

Urban food production

Despite the widespread notion of food production
as an exclusively rural activity, the growing of plants
and raising of animals within and around cities (FAO,

2014) are not new occurrences. Food insecurity due
to poverty (Zezza & Tasciotti, 2010; Wolch et al,,
2014), war (Milburn & Vail, 2010; Rydin et al,,
2012), and natural disasters (Hara et al., 2013) has
assured the occurrence of the activity in past decades.
At present, UPA (Urban and Peri-urban Agriculture)
is also reemerging in the more sustainable cities of
developed nations (Middle et al., 2014; Hara et al,,
2013; Rydin et al,, 2012).

[t is not possible to project that UPA will replace
traditional forms of feeding in highly populated cities,
but the potential benefits for ecology and human health
cannot be ignored. The WHO appealed to cities and
their governments to incorporate food policies into
urban plans (Rydin et al., 2012).

UPA is widespread in LA. In Rosario, Argentina,
1.35 million inhabitants have 800 community gardens
producing vegetables for 40,000 people (FAO, 2014).
In Mexico City, nearly 23 thousand ha of land are
dedicated to crop production, and in Cuba agriculture
is practiced by 40 thousand urban workers on an
estimated area of 33,500 ha (FAO, 2014).

The benefits of urban food production range
from improvements in health and social outcomes to
environmental and economic benefits. UPA is good
for health because it improves human nutrition.
Compared with other urban dwellers, urban producer
families have more diverse diets and consume more
vegetables and fruits (FAO, 2014). Low ingestion of
vegetables and fruits is a major risk factor for the
global burden of disease (Lim et al., 2012). In LA
and the Caribbean, low intake of whole grains and
other nutrition-related risks are also among the top
ten major risk factors for disease. Better nutrition
benefits cardiovascular health (Hu et al.,, 2001) and
helps to combat other non-communicable diseases,
such as obesity (Gatto et al,, 2015) and diabetes
(Tohill et al., 2004). UPA also creates opportunities
for physical activity, reinforcing the described health
gains (Rydin et al., 2012). Furthermore, engaging in
urban food production potentially enhances emotional
health through stress reduction and socialization.
Along with improving access to quality food, UPA has
proved to be an important response to anticipated
food shortages due to natural disasters, droughts,
and increases in food prices, among other situations
(Haraetal., 2013; Rydin etal., 2012; Angnotti, 2015).

The services to the ecosystem from agriculture
include the regulation of water and climate systems,
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maintenance of soil fertility, and the regulation of
pollination, among others (Swinton et al., 2007).
When food is locally produced, there is a reduction in
transportation demand, resulting in energy savings and
adecrease in the emissions of air pollutants (Angnotti,
2015; Hara et al,, 2013), all of which are ecological
gains. Other potential gains include reduction in solid
waste exporting due to composting projects (FAO,
2014) and better management of rainwater through
wider urban green coverage, which also allows for
groundwater restoration (Angnotti, 2015).

UPA contributes to economic growth through
employment and other forms of income generation
because families engaged in UPA reduce their spending
on food and earn additional income from sales (FAO,
2014). Revitalization of low-income communities
(Angnotti, 2015) and the raising of the value of local
housing due to the amelioration of landscape aesthetics
(Rydin et al., 2012) might emerge as indirect social
and economic gains. Security is enhanced by greater
civic involvement and the presence of more people
outside in yards and gardens (Rydin et al., 2012),
which also promote social cohesion (FAO, 2014).

The agro-ecological approach enhances environmental
and nutritional gains (Baranski et al.,, 2014) and
perfectly suits EU values because both concepts share
integrative views of environmental sustainability.
Furthermore, the agro-ecological approach might be
cost-effective in specific settings. In Havana, producing
1 million tons of vegetables via organic agriculture
is US$39.5 million less expensive than conventional
agriculture (FAO, 2014).

Despite its particular challenges, the city is an
appropriate venue for integrating food production
with other ecosystem services (FAO, 2014). Even in
densely populated areas, food can be produced in
containers on rooftops and balconies, in parks and
elsewhere. Itis important to note that food production
in the city is possible, but replacing the current forms
of food supply to feed cities is not yet possible, and it
isnot currently a goal at all. UPA should ideally occur
alongside the current forms of food supply, and EU
might be an appropriate approach for UPA and other
forms of food supply to cities coexisting.

The dominant form of urban food production in LA
is backyard family horticulture and school gardens,
but the region also has other forms of community
and commercial gardens. UPA production includes
the farming of vegetables, fruits, and cereals, the

How can ecological urbanism promote human health?

raising of small animals for eggs and meat, and the
growing of flowers. All age groups and walks of life
are engaged in these activities, but most of them
come from low-income households. Women are the
more prevalent gender, particularly in the Caribbean,
Bolivia, Colombia, Ecuador, Honduras, and Nicaragua
(FAO, 2014). In EI Alto, Bolivia, a gardening project
taught more than one thousand families production
techniques adapted to the city’s agro-climatic
conditions. The result is that, in one year, a typical
family produces nearly 1 ton of tomatoes, saves US$60
a month on food purchases, and earns US$15 from
the sale of surpluses (FAO, 2014).

UPAis under increasing pressure from urbanization
itself. A major issue is the lack of space, resulting
in the high cost of land and competitive use. In the
peri-urban area of Rosario, Argentina, soybeans for
export have displaced other traditional produce for
the domestic market, such as wheat, sunflowers,
milk, and fruit. In Mexico City and Lima, slums and
industrial activity have been impairing water quality
and availability for agriculture use (FAO, 2014).
Technical issues can be overcome, but most cities
must still face the lack of quality seed, the poor quality
of soils, and the unreliability of water supplies (FAO,
2014). There is also the need to overcome UPA-related
trade issues, including the high cost of inputs and the
unavailability of credit to buy tools and processing
equipment; very limited access to markets is also a
major issue (FAO, 2014; Angnotti, 2015). Moreover,
the overuse of agrochemicals exposes some small
farmers to health risks and impairs environmental
quality, polluting water supplies and other natural
resources (FAO, 2014).

Finally, we draw attention to the role of contaminated
soil in urban areas, which often contains dangerous
levels of heavy metals (Chengetal., 2011; Ferrietal,,
2015). Heavy metals are present in the soil of many
urban vegetable gardens in the United States and
Europe (Clarketal., 2008; Chengetal, 2011; Burtetal,,
2014; Ferri, et al,, 2015), prompting questions
about the potential health consequences of UPA in
contaminated areas.

Lead and other heavy metals have been strongly
linked to severe cognitive, motor and behavioral
disorders in children (Grandjean & Landrigan, 2006).
Researchers agree that the exposure routes for humans
occur through accidental ingestion of the soil and
inhaling of contaminated dust (Kessler, 2013), posing
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risks to farmers, particularly children. There is less
consensus about the health effects of the consumption
of crops grown in contaminated soil (Warming et al.,
2015; Ferri et al,, 2015; Augustsson et al,, 2015),
probably due to the general lack of studies, particularly
in LA. The broad range of variables involved - soil
constitution, type of pollutant, type of crop - has
impaired comparisons between studies. Hence, the most
prudent attitude is to follow the specific management
practices for urban gardeners (Kessler, 2013), which
can help to prevent these harmful exposures. Some of
these recommendations are closely related to urban
planners’ activities, such as building gardens away
from existing roads.

More successful UPA in LA cities has received
technical support from international organizations
and/or NGOs. Political will has also played a role.
Cities where local UPA was successful also inspired
national policies, spreading UPA across the country,
as occurred in Nicaragua and Honduras (FAO, 2014).

Enhancing UPA requires support from all levels
of government because it should be integrated with
activities from different levels of governance, such as
solid waste management, water supply, and education.
In LA, 12 countries have implemented national policies
promoting UPA (FAO, 2014).

Many LA cities use composting for urban organic
waste fertilizer (FAO, 2014). The region also has
experience in better managing of water, storing
rainwater, reusing resources, and using technologies
that conserve water. In El Alto, new technologies have
reduced by 80% the need for water by crops (FAO,
2014). There has also been successful experience
with converting pig manure into biogas and selling
the energy to urban residents (FAO, 2014). In general,
all schools, parks, and community facilities are
candidates for composting projects and for growing
food (Angnotti, 2015).

Zoning urban areas for agriculture can protect
against competition with other land uses and can
facilitate the recognition of UPA as an economic activity.
However, zoning usually neglects UPA (Rydin et al,,
2012); only three nations in LA have explicitly
included it in their occupation planning (FAO, 2014).
Furthermore, protecting sustainable agriculture by
small-scale farmers in peri-urban agriculture by law
could safeguard water reservoirs (FAO, 2014).

Before choosing an area for UPA, itis recommended
that the local conditions (soil, light incidence,

water supply, etc.) be evaluated. In the absence of
contaminant tests (the gold standard), the local
history of urbanization and industrialization has
indirectly addressed the potential contamination
of the soil. In cases of previous industrial activities,
gas stations, and laundry services, it is prudent
to consider the soil contaminated. Remediation
is frequently possible, but the unavailability of
specialized services at some sites and the high costs
might be impediments. Building raised beds and
importing healthy soil are alternatives (Rydin et al.,
2012; Angnotti, 2015; Kessler, 2013). Kessler (2013)
summarized the best management practices for
urban gardeners, including agricultural practices
(e.g., covering existing soil and walkways with mulch)
and good habits (e.g., wearing gloves).

Financial-related mechanisms, such as heavily
taxing vacant land and providing credits for urban
farming, can play key roles in overcoming the high
cost of land (Angnotti, 2015).

Architects and designers have already developed
solutions to cope with the lack of space for activity;
vertical farms, including rooftop crops, are an example
(Torreggiani et al., 2012).

Specific polices can address technical issues with
UPA, such as lack of quality seed, poor quality of soils,
and the unreliability of water supplies. The same is
true for trade-related issues, such as the high cost
of inputs, the unavailability of credit for equipment,
and lack of access to markets. Experiences in LA have
shown that trading production with schools and
hospitals and promoting technologies that add value
to UPA production enhance the activity. In Antigua
and Barbuda, fruit drinks and sun-dried hot peppers
from backyard gardens are improving the financial
gains of gardeners (FAO, 2014).

Occupational health risks owing to the overuse of
agrochemicals can be prevented by the agro-ecological
approach, which is also aligned with ecological values.
In some countries, the use of synthetic pesticides and
fertilizers is forbidden by law.

Finally, urban planners and designers can incorporate
UPA concepts while planning new buildings and cities.
In China, some buildings have been planned with
level rooftop surfaces that can be used for farming.
The arrangement improves the solar angle for natural
lighting within apartment buildings, as well as natural
cross-ventilation (Rydin et al.,, 2012).
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Urban heat island

The accelerated urbanization rate is changing
the landscape and soil coverage. Buildings, roads,
and other infrastructure have replaced land and
vegetation, resulting in elevated temperatures in urban
areas, compared to their outlying rural surroundings,
which is a phenomenon known as urban heat islands
(Berdahl & Bretz, 1997; Sobral, 2005).

The magnitude of surface Urban Heat Islands
(UHIs) varies by the season, due to changes in the sun’s
intensity, ground cover, and weather. Atmospheric
UHIs are often weak during the late morning and
throughout the day and become more pronounced
after sunset due to the slow release of heat from the
urban infrastructure. The timing of this peak depends
on the properties of urban and rural surfaces, the
season, and prevailing weather conditions (Akbari,
2005). Increased daytime surface temperatures,
reduced nighttime cooling, and higher air pollution
levels associated with UHIs can affect human health
by contributing to general discomfort, respiratory
difficulties, heat cramps and exhaustion, non-fatal
heat stroke, and heat-related mortality. UHI can also
exacerbate the impact of heat waves, which are periods
of abnormal heat. Sensitive people, children, the
elderly, and those with chronic diseases are at major
risk. The Centers for Disease Control and Prevention
estimated that, from 1979 to 1999, excessive heat
exposure contributed to more than 8,000 premature
deaths in the United States (CDC, 2004).

Urban pollution contributes to complex atmospheric
processes (Akbari, 2005; EPA, 2006); hence, the
emission of pollutant gases must be considered when
analyzing the meteorological variables of large cities
(Coelho et al., 2010).

In Sao Paulo, the thermal gradient between the
outskirts and the central zone can reach 10 °C.
The reduction of green coverage, the increased use
of fossil fuels, and the construction of high buildings
that act as ventilation barriers can explain UHIs
(Sobral, 2005). In addition, modifications of the
urban thermal profile affect sensible heat, latent heat
and momentum fluxes, surface convergence, optical
properties of the atmosphere, boundary-layer height,
and other boundary-layer features. Such changes
impact pollution dispersion, thunderstorm initiation,
and many other physical and chemical processes in
the urban environment (Khan & Simpson, 2001).

How can ecological urbanism promote human health?

Despite the broad variety of meteorological systems
that affect Sao Paulo, the city presents two well-defined
seasons: Spring-Summer (hot and wet) and Fall-Winter
(cold and dry) (CDC, 2004), but extreme weather
events intensified by climate change are becoming
more frequent (Bornstein & Lin, 2000). In winter,
pollutant concentrations can be critical because
of the low availability of solar energy, limiting the
development of the planetary boundary layer. Hence,
pollution dispersion is heavily dependent on the
strength of the heat island circulation (Bornstein &
Lin, 2000). The health consequences are increasing
hospital admissions due to cardiorespiratory diseases
(Coelho etal., 2010; Braga et al., 2002; Saldiva et al.,
1992), and sometimes death (WHO, 2004). UHIs also
increase ground-level formation of ozone, which is a
pollutant related to acute asthma crises (Andrade et al.,
2004). Nitrogen and volatile organic compounds,
which are released from fossil fuel combustion, react
in the presence of sunlight, forming ozone, particularly
during the high temperature periods of late spring
and early autumn (Hsieh et al., 1999; Andrade et al.,
2004). Further, the temperature gradient between
central (hot) and peripheral areas (less hot) of the city
from UHIs increase heavy rain events in the central
part of the city (Freitas et al., 2007). Urban effects
can be particularly important for explaining the daily
rainfall extremes in the summer (Silva Dias etal., 2013),
leading to floods and associated health problems
(leptospirosis infections).

Thermal pollution can aggravate respiratory and
cardiovascular diseases (WHO, 2004; Guo etal., 2014;
Laschewski & Jendritzky, 2002), and it is associated
with discomfort and physiological stress. The thermal
comfort neutrality range falls between 17 °Cand 31 °C.
Above that temperature, hypotension, hyperthermia,
tachycardia, heart failure, poor appetite, dehydration,
fatigue, irritability, decreased learning ability, impaired
memory, and depression may occur. An increase in air
temperature also impacts flora and fauna, influencing
the distribution of vector-borne diseases, such as
dengue fever (Coelho & Massad, 2012; Laschewski
& Jendritzky, 2002).

Moreover, changes in meteorological parameters
inlarge cities due to urbanization and global warming
have affected weather in these places. As a result, heat
waves, dry weather, and rain are very likely to increase
in both frequency and intensity. In urban regions, these
future heat waves will be exacerbated by the UHI effect
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and will have the potential to influence negatively the
health and welfare of residents. In Shanghai, China, a
study showed that UHIs are directly responsible for
adverse health effects due to exposure to extreme
thermal conditions (Tan etal., 2010). Socioeconomic
factors modulate the health burden of temperature
extremes (Urban et al., 2014; Burkart et al., 2011).
Temperature and mortality are usually associated.
In England and Wales, a study analyzed 10 areas
during the summer from 1993 to 2006, and heat
was associated with increased mortality in nearly all
causes of death in the elderly (Gasparrini etal., 2012).

Weather event extremes present a significant
health risk, and the hazard is likely to escalate with
the increased future temperatures presently predicted
by climate change models. The impact of heatwaves is
often stronger in densely populated cities and where
the climate is involuntarily modified to produce an
UHI effect.

Humans have mechanisms for managing additional
heat and cold, but overcoming this vital threshold
can lead to serious health conditions. A recent
study published in The Lancet with 384 locations in
13 counties revealed that uncomfortable ambient
temperature is responsible for considerable increases
in mortality, with significant differences between
countries. According to the results, the temperature is
responsible for increasing a considerable proportion
of deaths to 7.71% (95% C1 7.43-7.91). Nevertheless,
there are significant inter-country variations in
attributable risk (for both hot and cold), with the
uppermost attributable risk in Italy, China, and Japan
and the lowermost estimates in Thailand, Brazil, and
Sweden (Gasparrini et al.,, 2015).

Health impacts and vulnerability due to extreme
weather events require systematic approaches and
integrated policy and planning responses from
a range of government agencies. Unfortunately,
effective mitigation actions are almost non-existent
in Brazil. According to Marengo etal. (2009), by 2100,
the average temperature may have risen between
2 °C and 4 °C in Brazil, compared with the average
temperatures recorded between 1961 and 1990.
Thermal discomfort conditions will affect thousands of
people. There will likely be an increase in the number
and severity of cases of heart disease, asthma and
infections. At a higher level of severity, individuals
who use medication chronically to control respiratory

and heart diseases will require higher doses to control
their illnesses to cope with environmental changes.
Increased susceptibility to pollutants and climatic
factors is dependent on individual, environmental
and socioeconomic factors and on housing conditions
(Souza & Macedo, 2010).

In contrast, developed countries have implemented
significant mitigation policies in urban planning,
with a focus on sustainability and energy but that
indirectly have co-benefits to health. For example,
Green Infrastructure (GI) has contributed to the
mitigation of UHIs. In the context of climate change,
with the expected increase in temperature, the
dryness and intensity of heat waves, and storms and
floods, green areas assume even greater importance
because they can create a cooling effect that extends
to surrounding areas.

The project of the Urbanism, Climate Adaptation and
Health Cluster, funded by the CSIRO Climate Adaptation
Flagship, focuses on improving understanding of the
interactions between climate and health in urban areas
in Australia, using green infrastructure (GI) to address
high temperatures and dry humidity (CRC, 2012).

A European commission has produced guides to
assist authorities and stakeholders in investing in
Green Infrastructure (GI) through the Cohesion Fund
for 2014-2020. The first is a guide to “multi-benefit
cohesion policy investments in nature and green
infrastructure” (European Commission, 2015).

Seven federal agencies have united to support
the Green Infrastructure Collaborative in the United
States of America. These agencies signed a Federal
Letter of Support committing to specific actions to
promote green infrastructure. The cooperating agencies
are the EPA, the Department of Housing and Urban
Development, the Department of Transportation,
the Department of Agriculture, the Department of
the Interior, the Department of Defense, and the
Department of Energy (EPA, 2014).

Implementation of UHI mitigation strategies, such
as increased vegetative cover and higher-albedo
surface materials, was suggested by studies performed
in New Jersey addressing issues such as economic
efficiency and the reduction of energy consumption
and costs at the sites (Solecki et al., 2005). Urban
food production, previously discussed in this paper,
might be an option for vegetative cover.
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Finally, interventions can be implemented at various
levels: urban planning, with the implementation of
climate controlling factors, such as afforestation,
squares, streets, policies to decrease emissions from
pollutants, etc.; and housing, with improvements in the
constructive conditions that favor thermal insulation
to protect residents (more information in the “Thermal
comfort and indoor air quality” section).

Athird level of intervention is education: educational
campaigns and awareness of the adverse effects of
weather and orientation of attitudes could facilitate
protection against cold/heat or pollution (Sobral,
2005; CDC, 2004).

Thermal comfort and indoor air quality

Urban planners, architects, and designers can help
to assure better indoor quality and thermal comfort
for urban inhabitants at home, work, school or other
facilities. The major challenge will be how to improve
indoor environments for the 110 million slum dwellers
in LA (2010) (FAO, 2014).

Indoor air pollution is among the top risk factors
for chronic diseases in LA (Lim et al,, 2012), and it
was responsible for 7% of the premature deaths in
the region (WHO, 2014b) in 2010. Indoor air quality is
modulated by air exchange, outdoor pollutantlevels,
and the production of indoor pollutants (Rydin et al.,
2012). Architects are in the position to improve air
exchange and consequently indoor air quality.

The burning of solid fuels for cooking and heating
is the most studied source of indoor air pollution.
The impacts on health include increased risks of
pneumonia in children (<5 years old) and of chronic
obstructive pulmonary disease, cardiovascular disease,
cataracts, and lung cancer in adults (Smith et al., 2013).
Women and small children are the most vulnerable
because they spend the most time in or near the
kitchen. The lack of access to clean energy sources
can also result in other health risks, such as burns,
injuries, intoxication, and violence against women
while they collect fuel (Dora et al,, 2015).

In Brazil, the highest percentage of a population
in a metropolitan region without a stove at home
was 1.76% in Fortaleza (IBGE, 2011). However,
this percentage could be significantly higher in the
less-developed countries of LA (Laborde etal., 2015).
More efficient biomass stoves (ideally attaining

How can ecological urbanism promote human health?

nearly complete combustion) have been a successful
solution. In Guatemala, child pneumonia decreased
by half in houses that successfully (90% reduction
in the levels of indoor air pollutants) installed wood
stoves with chimneys (Smith et al., 2011). Additionally,
improved cooking stoves reduce GHG emissions,
both benefiting public health and mitigating climate
change (Wilkinson et al.,, 2009). Affordable household
electricity would also resultin better indoor air quality
because the use of gas or electricity to cook creates
little or no pollution in the kitchen (Smith et al,,
2013). However, improving household ventilation is
an important mitigation strategy, and architects and
designers must be aware of it.

Similarly, improved insulation, efficiency of heating
and the use of other building materials that reduce
heatlosses through the walls, windows, and roof are
among the successful strategies to reduce energy use
(Rydin etal., 2012).

Warmth and energy efficiency interventions can
improve general health, particularly in people with
previous chronic respiratory diseases (Thomson etal.,
2013). Furthermore, thermal comfort strategies are
likely to improve cardiovascular health because low
indoor temperature is associated with a higher risk
of high blood pressure (Shiue & Shiue, 2014)

Indoor tobacco smoke is also a recognized source
of indoor air pollutants (Laumbach & Kipen, 2014).
Restricting smoking indoors is an effective police
for reducing exposure (Sebrié et al., 2008), but it
is probably beyond the abilities of urban planners.
However, improving ventilation can also help mitigate
exposure to indoor tobacco smoke.

Asbestosis a carcinogenic substance (IARC, 2009)
related to a wide variety of lung diseases (O'Reilly et al.,
2007), including asbestosis, a disease caused by the
inhalation of asbestos (Bledsoe et al., 2014). Due to
its insulating, fire-resisting and sound-absorbing
properties, asbestos was usually mixed with cement for
building construction materials, particularly roofing
products (Haynes, 2010). Asbestos is virtually banned
in most developed countries (Laborde et al., 2015).
In LA, Argentina, Chile, Uruguay and Honduras have
also banned asbestos (Laborde et al., 2015). In the
other countries, if possible, architects and designers
should avoid using building materials with asbestos
and other noxious compounds (e.g., formaldehyde)
in their composition to improve indoor air quality
(Wang & Zhang, 2009).
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Sanitation and wastewater management

Safe drinking water access and sanitation are
basic human rights (UN, 2010). There is widespread
understanding that the lack of access to safe drinking
water, sanitation, and hygiene affects human health
(WHO/UNICEF, 2014), particularly causing diarrheal
outbreaks. Malnutrition, vector-born disease
(e.g., dengue fever), neglected tropical diseases
(e.g,, schistosomiasis), and non-communicable disease
risks related to chemical contaminants are recognized
health outcomes (Freeman etal., 2013; Bartram etal.,
2005). Poor people are at greater risk because their
access to improved water sources and sanitation is
restricted (Dora et al., 2015)

In LA and the Caribbean, the access to safe
drinking water reached 94% of the population in
2012. The lowest levels of coverage were found in the
Dominican Republic, Ecuador, Haiti, Nicaragua and
Peru, ranging from 76% to 90% (WHO/UNICEF, 2014).

The scenario is worse for improved sanitation
facilities. In 2012, 110 million people in the region still
lacked access to sanitation, despite improvements in
previous years (WHO/UNICEF, 2014). One explanation
is that investment in infrastructure to supply water
tends to be seen as a priority by politicians and
citizens, whereas the disposal of human excreta is
comparatively neglected (Rydin et al., 2012).

According to the WHO/UNIFEC Joint Monitoring
Program for Water Supply and Sanitation, an improved
drinking-water source is protected from outside
contamination, in particular from contamination
with fecal matter, and should include: piped
water into dwellings; piped water to yards/plots;
public taps or standpipes; tubewells or boreholes;
protected dug wells; protected springs; and rainwater
(WHO/UNICEF /JMP). An improved sanitation facility
is one that hygienically separates human excreta from
human contact: flush toilets, piped sewer systems,
septic tanks, flushing/pouring to pitlatrines, ventilated
improved pit latrines, pit latrines with slabs and
composting toilets. Flushing/pouring to outside, pit
latrines without slabs, buckets, hanging toilets or
hanging latrine, and a lack of facilities or bushes or
fields are classified as unimproved sanitation facilities
(WHO/UNICEEF 2015). However, many unimproved
systems might be misclassified, (Rydin etal., 2012) and
improved drinking water sources might still contain

substantial bacterial and chemical contamination
(Doraetal.,, 2015).

In addition, climate change is expected to increase
the risk of water shortages in urban areas (Dora et al,,
2015), threatening the achievements of water and
sanitation facilities. In 2015, the water sources of the
city of Sao Paulo decreased drastically, impairing the
water supply. At the beginning of the year, the city also
faced a severe dengue fever epidemic. Inadequate
rainwater collection and water storage are possible
causes of the increase in dengue fever cases in 2015.

Ideally, all households should have a potable water
supply for internal bathrooms and kitchens, a flushing
toilet, and storm drainage to prevent flooding, but in
many cities, this set of standards can only be achieved
in the wealthiest neighborhoods. Informal settlements
are of particular concern (Rydin etal., 2012). In Rio de
Janeiro, Brazil, people living in informal settlements
(1.39 million people) have less access to adequate water
and sanitation, compared with the other residents
of the city (Snyder et al.,, 2014). Urban planning
regarding sanitation must focus on reducing unequal
access. A major challenge is defining who will pay for
it. Usually, city authorities see on-site toilet facilities
as the responsibility of individuals. Poor houses in
informal settlements are unlikely to have financial
capital invested in such facilities, particularly those
living in rental properties (Rydin et al., 2012).

Arecentreport described a step-by-step approach
to the complex circumstances surrounding the need
to provide sanitation to urban areas, particularly
to densely populated areas and to the less affluent
sectors of society. It considered financial issues, as
well as other dimensions, institutional, environmental,
technical and social (Galli et al., 2014).

Considering all of the dimensions, increasing the
effectiveness of sanitation measures results in health
protection for those that received these facilities.
However, if city planners also consider the concepts
of ecological urbanism, the environment would also
be protected. In addition, the ecological urbanism
approach is a tool for integrating the planning of green
areas and sanitation, both of which are essential for
the environment and human health. The “Urban heat
islands” and “Urban food and agriculture” sections
discussed some of the wide variety of benefits to
green spaces.
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Final considerations

Ecological and human health gains in city
environments are not at odds. Distinguished by its
integrated and multi-disciplinary foundation, EU is
an opportunity to promote population and habitat
health and to reduce health inequalities in LA, a part
of the world where 80% of population lives in cities,
23% of it in slums.

The empirical evidence discussed in this paper
shows that urbanism-related measures can shape
human health for better or worse. Experiences
from developed (more abundant) and LA cities can
inspire the use of trial and error in local projects in
LA to increase understanding of how best to improve
urban population and habitat health, applying an EU
approach in specific urban contexts.

Similar to initiatives that have proposed indicators
linking health and sustainability for the post-2015
development agenda, a next step to enhance the
links between EU and population health could be
the proposal of health indicators that shape human
health for better city environments.
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Errata

In the article “How can ecological urbanism promote human health?”, DOl number: 10.1590/2175-3369.008.001.
SEO05, published in urbe - Brazilian Journal of Urban Management, 8(1): 77-95, on page 77:

Where it reads:
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