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Abstract

This paper presents examples of some health hazards under the framework of
sustainable development, highlighting the importance of integration of variables affecting
health not only in the context of each particular category such as air pollution and
electromagnetic fields, but also integrating the effects of multiple threats within a
geographical area, where some interaction of these variables can rise the threat of
disease. Thus, to identify health hazards within geographical areas, where citizens are
normally exposed to, every effort should be done to eliminate the risk, in the context of
land use. This paper suggests an integrated transdisciplinary framework using GIS in the
context of health hazards, aiming to assist in suggesting an international law for land-
use. One argument for the need of international efforts is that health hazards and
environmental risks could be crossing any boarder, affecting any human being no matter
age, race, or religion.

Introduction

In the last few years the problem of revealing universal signs of sustainable development
is a matter of great concern. In terms of this approach, the environment, economy and
social development should be treated as a unified architectural ensemble with its internal
connections. For example, on United Nations, The World Commission on Environment
and Development (Brundtland Commission) (1987) sustainable development is definition
emphasizes on the concept that current generations should meet their needs without
compromising the ability of future generations to meet theirs, and the debates of the
Millennium Summit as presented by The United Nations Development Program (2001).
Hughes and Johnston (2005) have recognized that sustainable development is now as
much about social equity—for current generations—as about efficient resource-use and
conservation of natural resources for future ones. Thus, sustained growth is the key to
greater social equity. We need economic growth that does not leave large segments of
humanity behind. One of the aspects of sustainable development is the threat of health
hazards as the links between health and economic development have become
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increasingly recognized, especially with respect to the contribution of health to poverty
reduction. Furthermore, the growing burden of non-communicable diseases, as well as
the communicable disease burden, has become more evident. Addressing the human
dimension of sustainable development is increasingly recognized as fundamental to
achieving its goals. Indeed, the first principle of the 1992 Rio Declaration emphasized
that “Human beings are at the centre of concerns for sustainable development. They are
entitted to a healthy and productive life in harmony with nature”. Sustainable
development cannot be achieved if there is a high prevalence of debilitating illness and
poverty, and the health of populations cannot be maintained without healthy
environments and intact life-support systems. (Schirnding , 2002) Agenda 21 also
recognized the importance of protecting and promoting human health, and highlighted
five key action areas: meeting primary health-care needs, especially in rural areas;
control of communicable diseases; protecting vulnerable groups; meeting the urban
health challenge; and reducing health risks from environmental pollution and hazards.
Although many relevant issues were addressed, there were also inevitable gaps, some
of which have since grown in importance.

Health hazards include but is not limited to the of exposure at carcinogenic or toxic
substances, which may be present in air, soil, water, foods, as consequence of anthropic
activities, including the risk associated with nuclear power plants and electromagnetic
fields. For example, a complete Environmental and Human Health Risk Assessment
(EHHRA) requires the integration of information on environmental and chemicals
database, inter and intra media dispersion models output, site description maps and
demographic database. In the last past years, the use of information technology and
systems supporting this process has been extensively used, especially geographic
information systems (GIS). For example, the GIS- based exposure maps identify high
exposure areas for policy developers and planners in a simple and realistic manner.
Satellites with television, spectrometric, photographic equipment are the main means of
continuous control of the state of natural systems of our planet. The GIS spatial
database does not just allow combining different health hazards but also other variables
necessary for the assessment of the social-geophysical factors, which depend on the
location of the area of interest and its population such as proximity to the radiation risk
sites and population density in this area. Although the extensive work concerning some
health hazards, these efforts are isolated and need integration. This paper suggests an
integrated transdisciplinary framework using GIS in the context of health hazards, aiming
to assist in suggesting an international law for land-use.

Griffiths (2006) adds another dimension, which is the reduction of health inequalities to
be considered as a high priority. It would have enormous impact if national and local
strategies for reducing health inequalities were merged with strategies for reducing
environmental inequalities and promoting environmental justice. The concept of
environmental justice includes the right of all to a healthy environment: poorer
environments (with more exposure to pollution, fuel poverty, etc.) and poorer health are
found disproportionately amongst the disadvantaged in society.

Lat, but not least, the sustainable use of finite natural resources is a major determinant
of health. The interdependence between the sustainability of the environment and the
sustainability of the human species needs full recognition and the development of new
public health practices. Environmental sustainability is a key objective of partnership
working between health and other government agencies at local level. Partnerships



between health organizations and local authority planning departments concerning
spatial planning, particularly for new developments, are important to ensure the design
of healthy sustainable communities. . (Schirnding, 2002) thus, this paper concludes with
a suggested framework for the policy makers.

Health Hazards

During the last few years the global environmental threats to health and human survival
are increasing, including changes in global climate, depletion of the ozone layer,
biodiversity loss, and changes in the biosphere and ecological processes. Disruption of
complex ecological processes is undermining the geographical distribution of vector-
borne infections such as malaria, dengue fever, and leishmaniasis. Other factors include
disruptions to weather patterns, increased exposure to thermal extremes, changes in the
range, seasonality, and incidence of food-borne and water-borne infections, agricultural
crop yields, plant and livestock pests, and salination of water associated with sea-level
rise. Further, long-term changes in world climate will affect many prerequisites for health
and sustainable development: sufficient food, safe and adequate drinking water, and
secure dwellings. Some health effects will be direct, such as heat-wave or flood-related
deaths, whereas others will result from disturbances in complex ecological processes,
affecting patterns of vectors and infectious diseases. Poor populations are most
vulnerable to the health effects of climatic variation and climate change. (Schirnding ,
2002) In this section, we are going to introduce some few examples of health hazards to
highlight the complexity managing each of these sources.

Chemicals

The assessment of health risks due to exposure to environmental pollutants has been
usually focused on analyzing the impact of a single compound. However, people are
rarely exposed to individual substances, but to a notable variety of chemicals (Haddad et
al., 2001). In recent years, new efforts have been made in order to take into account the
possible adverse health effects of an exposure to pollutant mixtures, rather than to single
chemicals (Pohl et al., 2003, Cizmas et al., 2004, Jonker et al., 2004, Wilbur et al., 2004
and Monosson, 2005). One of the basic premises to carry out a good analysis of a
chemical mixture is the evaluation of each substance separately. Moreover, the study of
the individual characteristics of each pollutant, with respect to the remaining chemicals
of the mixture, is highly valuable. The comparison of substances has sometimes been
executed by applying different prioritization schemes (Groten, 2000 and Mowat and
Bundy, 2002). This is an easy way to develop ranking and scoring systems (Swanson
and Socha, 1997, Lerche and Sorensen, 2003 and Lerche et al., 2004). These new
methodologies are aimed to establish an order of importance of different chemicals
depending on individual characteristics, such as human and ecological effects. Often,
ranking systems have been based on three basic characteristics to quantitatively assign
a score to each substance: persistence, bioaccumulation and toxicity, commonly known
as PBT (Knekta et al., 2004). Different approaches in governmental environmental



policies have been carried out to integrate these tools in the management of the
environment.

Air Pollution

As Scoggins (2003) discusses, urban air pollution is a major focus of public health
concern and regulatory activity (WHO, 2002). Appropriate guidelines and effective
interventions require knowledge of the burden of illness and premature deaths
attributable to specified pollutants. A long-term worldwide research program is
concentrating on effects of particulates and other criteria pollutants such as NO,, O; and
CO (Brunekreef and Holgate, 2002).

Short-term exposure studies have reported positive associations between air pollution
and all-cause mortality (Schwartz and Dockery, 1992 and Touloumi et al., 1994),
cardiovascular mortality ( Morgan et al., 1998), and respiratory mortality ( Lebowitz, 1996
and Hales et al., 2000). Similar associations have been reported with deaths due to
pneumonia, chronic obstructive pulmonary diseases mortality, lung cancer, and heart
disease ( Cohen, 2000; Fischer et al., 2003 and Pekkanen et al., 2002). Relatively fewer
long-term studies have been conducted, however, these have also reported positive
associations between annual average particulate pollution levels (PMs, or PM,s) and
annual all-cause mortality, lung-cancer and cardiopulmonary mortality (Pope et al., 1995;
Dockery et al., 1993 and Pope et al., 2002). Early ecological studies conducted in the
USA during the 1970s and 1980s also showed significant and positive associations
between total mortality and annual air pollution (particles and sulfates), even after
including variables for home heating, socio-economic status, population and climate (
Lave and Seskin, 1970; Lave and Seskin, 1972 and Ozkaynak and Thurston, 1987).

Electromagnetic fields

According to the WHO (2006) Mobile telephony is now commonplace around the world.
This wireless technology relies upon an extensive network of fixed antennas, or base
stations, relaying information with radiofrequency (RF) signals. Over 1.4 million base
stations exist worldwide and the number is increasing significantly with the introduction
of third generation technology.

Other wireless networks that allow high-speed internet access and services, such as
wireless local area networks (WLANS), are also increasingly common in homes, offices,
and many public areas (airports, schools, residential and urban areas). As the number of
base stations and local wireless networks increases, so does the RF exposure of the
population. Recent surveys have shown that the RF exposures from base stations range
from 0.002% to 2% of the levels of international exposure guidelines, depending on a
variety of factors such as the proximity to the antenna and the surrounding environment.
This is lower or comparable to RF exposures from radio or television broadcast
transmitters.

There has been concern about possible health consequences from exposure to the RF
fields produced by wireless technologies. This fact sheet reviews the scientific evidence
on the health effects from continuous low-level human exposure to base stations and
other local wireless networks.



Media or anecdotal reports of cancer clusters around mobile phone base stations have
heightened public concern. It should be noted that geographically, cancers are unevenly
distributed among any population. Given the widespread presence of base stations in
the environment, it is expected that possible cancer clusters will occur near base
stations merely by chance. Moreover, the reported cancers in these clusters are often a
collection of different types of cancer with no common characteristics and hence unlikely
to have a common cause.

Scientific evidence on the distribution of cancer in the population can be obtained
through carefully planned and executed epidemiological studies. Over the past 15 years,
studies examining a potential relationship between RF transmitters and cancer have
been published. These studies have not provided evidence that RF exposure from the
transmitters increases the risk of cancer. Likewise, long-term animal studies have not
established an increased risk of cancer from exposure to RF fields, even at levels that
are much higher than produced by base stations and wireless networks.

Few studies have investigated general health effects in individuals exposed to RF fields
from base stations. This is because of the difficulty in distinguishing possible health
effects from the very low signals emitted by base stations from other higher strength RF
signals in the environment. Most studies have focused on the RF exposures of mobile
phone users. Human and animal studies examining brain wave patterns, cognition and
behavior after exposure to RF fields, such as those generated by mobile phones, have
not identified adverse effects. RF exposures used in these studies were about 1000
times higher than those associated with general public exposure from base stations or
wireless networks. No consistent evidence of altered sleep or cardiovascular function
has been reported.

Housing

As Jacobs (2005) presents, the World Health Organization (WHO) has recently issued a
series of publications on the link between substandard housing and health (WHO,
2005a) and has conducted several international conferences on the subject in recent
years (WHO (World Health Organization), 2004a and WHO, 2005a).

Several reviews show many links between health (both physical and mental) and
housing quality, especially with regard to specific chronic diseases and injuries (Matte
and Jacobs, 2000; Breysse et al., 2004; Krieger and Higgins, 2002; Jacobs, 2005). For
example, inadequate ventilation, excess moisture, and other deficiencies in housing still
contribute to asthma, mold-induced illnesses, carbon monoxide poisoning, and other
diseases and injuries (Matte and Jacobs, 2000; Krieger and Higgins, 2002). Excessive
moisture, whether it is caused by roof or plumbing leaks or more complex flows across
building membranes and vapor barriers, has been tied to improperly planned ventilation
that failed to consider walls as dynamic systems (ASTM, 1994).

A visual assessment was found for each of the seven protocols. The specific element of
each protocol that was determined through visual assessment was then placed into one
of the following visual hazard subcategories:

« electrical hazards,



« structural hazards,

* moisture/mold hazards,
* presence of pests,

« ventilation,

* injury hazards,

« fire, and

* miscellaneous

Examples of the Use of Health GIS

As Kistemann et al. (2002) clarify; the domain of health is no typical area to applicate
Geographical Information Systems (GIS). In environmental sciences, GIS have been
widely used to analyze a huge variety of land characteristics, and to solve problems
related to human activities (Carlon et al., 2001, Facchinelli et al., 2001, Thums and
Farago, 2001, Nam et al.,, 2003, Blanco and Cooper, 2004 and Elbir, 2004).
Nevertheless, the recent development clearly shows that also within the domains of
environmental health, disease ecology and public health GIS have become an
indispensable tool for processing, analyzing and visualizing spatial data. In the field of
geographical epidemiology, GIS are used for drawing up disease maps and for
ecological analysis. The striking advantages of GIS for the disease mapping process are
the considerably simplified generation and variation of maps as well as a broader variety
in terms of determining area units. In the frame of ecological analysis, GIS can
significantly assist with the assessment of the distribution of health-relevant
environmental factors via interpolation and modeling. On the other hand, the GIS-
supported methods for the detection of striking spatial patterns of disease distribution
need to be much improved. An important topic in this respect is the integration of the
time dimension. The increasing use of remote sensing as well as the integration into
internet functionalities will stimulate the application of GIS in the field of Environmental
Health Sciences (EHS). In future, the integration and analysis of health-relevant data in
one single data system will open up many new research opportunities.

Another example for GIS use is that a large number of chemicals are used on a regular
basis in modern society. Thousands of new chemicals are added each year, many of
which may have toxic properties constituting potential health hazards. Rapid assessment
of the risk associated with the use of these chemicals is therefore essential to protect
people from exposure to potentially harmful substances. Exposures to chemicals (and
physical agents) are typically unevenly distributed geographically as well as temporally.
Disease occurrence also shows geographically varying patterns. Geographic information
systems (GIS) may be used to produce maps of exposure and/or disease to reveal
spatial patterns. Exposure mapping using advanced GIS modeling may enhance
exposure assessment in environmental epidemiology studies. Disease maps can be
valuable tools in risk assessment to explore changes in disease patterns potentially
associated with changes in environmental exposures. Spatial variations in risk and
trends related to distance from pollution sources may be studied using software tools
such as the Rapid Inquiry Facility, developed by the U.K. Small Area Health Statistics
Unit and enhanced in the European Health and Environment Information System project,
for an initial quick evaluation of any potential health hazards associated with an
environmental pollutant. (Lars, 2004)



In the context of health risk assessment, GIS has been used for quantifying the human
health risk through a system able to manage all the steps in a georeferenced structure
was introduced (Bagli et al., 2004). According to Morra et al. (2006) GIS tool is
considered as an integrated approach for assessing the risks to human health; in order
to display maps of ISO-dose and ISO-risk contours. In the numerical code the modules
of the procedure are integrated in a system with a graphical user interface through which
specific territorial pattern are represented in great detail to provide an example of GIS
supporting human health risk analysis in the context of calculation of the upper-bound
excess lifetime cancer risk and noncarcinogenic hazards. The procedure usually
adopted in performing this evaluation, as assumed in the developed GIS tool, is based
on the following paradigm:

1. Identification of Chemicals of Concerns (COC)

2. COC Fate and Transport Assessment

3. Exposure Scenario Definition and Exposure Intake Assessment
4. Dose—Response Assessment

5. Risk Characterization.

The first step is the identification of substances which cause adverse effects and
involves consultation of any toxicological and epidemiological data. In the second phase
the distribution of concentrations of contaminants in various environmental media is
analyzed. The Exposure assessment of the third step requires the determination of the
emissions, pathways and rates of movement of a substance and its transformation and
degradation with the aim to estimate the “concentration/doses to which human
populations (i.e. workers, consumers and men exposed indirectly via the environment) or
environmental compartments (aquatic environment, terrestrial environment and air) are
or may be exposed” (CEC, 1993). Dose-response assessment is obtained from
epidemiological and toxicological data. Usually this is a tiered process that progresses
from the use of short-term (acute) tests and conservative assumptions to longer-term
(chronic) tests paired with more realistic assumptions. The risk characterization, which
concludes the procedure, is essentially a summary of the data compiled in the risk
assessment process including the uncertainties associated with each stage and the
presentation of a risk estimate. The digital site and facility description is an input of GIS
Spatial DB; it consists in identifying and mapping contaminant sources, collecting facility
and site information (e.g. the localization of rivers or lakes, soil properties, groundwater
level, terrain elevation), estimating emission rates, and identifying Chemicals of
Concern. For each chemical of concern identified in the contaminated area, estimates of
the concentrations must be defined for each environmental medium of interest (e.g. soil,
ground water, surface water, sediment, air, vegetation). User may derive concentrations
from two broad methods: direct monitoring (e.g. sampling and chemical analysis of
media at the site coupled with summary statistics) or environmental modeling (e.g.
mathematical modeling to predict contaminant concentrations in various media). In both
cases the output of the analysis is a series of maps describing the distribution of the
toxic and carcinogenic chemicals concentrations in the environmental contaminated
media.

Scoggins (2004) presents a study showing the use of GIS in the context of air pollution
that relates ambient air pollution levels to mortality in Auckland, New Zealand. Urban
airshed modeling and GIS-based techniques to quantify long-term exposure to ambient
air pollution levels and associated mortality. The GIS-based exposure maps identify high



exposure areas for policy developers and planners in a simple and realistic manner.
Taken together with overseas studies the study provides additional evidence that long-
term exposure to poor air quality, even at levels below current standards, is a hazard to
the public health.

Ecological studies are targeted on the description of relations existing between the
geographic variation of diseases and risk factors and their analysis by means of
statistical procedures. As mentioned above, the risk factors include the exposure to
relevant biological, chemical or physical environmental agents, but they also comprise
social, economic and behavioral factors.

The space-related analysis of epidemiological data to be performed in an ecological
study can be subdivided into several steps (van den Berg and von der Ahe., 1997):

Identification of a possible health problem (assumption of an increasing number of
cases)

Verification that an observed spatial pattern of disease cases considerably differs
from the pattern expected.

Ecological analysis: based on the knowledge of disease distribution and considering
the spatial distribution of risk factors, certain hypotheses regarding the cause of disease
distribution are generated and checked by means of statistical methods.

For example, geographic-ecological analysis is also based on the principle of the spatial
linkage of health data and risk factors. The current place of residence is frequently taken
as point of reference. The exposition of a population to a risk factor, e.g. to air pollutants,
is assessed by means of the emission level of the place of residence. In many cases,
this procedure proves to be more reliable than the collection of individual exposition data
(English, 1992; Morgenstern, 1998). It implies the differentiated mapping of
environmental risk factors in terms of the area to be covered * a task for which GIS are
highly suitable.

Since the beginning of the 90ies, the U.S. Centers for Disease Control and Prevention
(CDC) have carried out several GIS-supported analyses covering infectious diseases'
occurrence due to environmental factors (Croner, 1996). Initially, GIS were used in the
field of epidemiology in order to control parasitic diseases because the complex
interactions between environmental factors and pathogens, vectors (e.g., mosquitoes,
ticks), the various host animals and pathogen reservoirs can be recorded in one single
system (Mott et al., 1995). In Maryland, e.g., a risk model for the occurrence of the Lyme
disease, transmitted by ticks, has been established, in which numerous ecological data
influencing the appearance of ticks could be included (Glass et al., 1995).

The remote sensing data are increasingly used for investigations in the field of
environmental health sciences for risk mapping, surveillance or monitoring, In one of the
projects, a satellite-based Global Positioning System (GPS), methods of remote sensing
and GIS have been used as complementary tools (Seto et al., 1998). Remote sensing is
frequently applied on the investigation of the malaria risk.



The use of GIS as a Transdisciplinarity Tool

Lawrence and Després (2004) discuss some key questions about the natural and human-made
environment, at whatever geographical scale; need to be understood by innovative concepts and
methods. This stems from the fact that the capacity of human societies to deal with environmental
questions (such as climate change, health, land-use, forestry management, renewable and non-
renewable resources, housing, poverty and urban planning) are insufficient even though many
professionals are convinced that they have the "right answers". The incapacity to deal with the
above-mentioned problems is related to their complexity, to the compartmentalization of
scientific and professional knowledge, to the sectoral division of responsibilities in contemporary
society, and to the increasingly diverse nature of the societal contexts in which people live. In
addition, the lack of effective collaboration between scientists, professionals and policy decision-
makers has led to the "applicability gap" in sectors that deal with both the natural and human-
made environment. There is an urgent need for innovative approaches in many situations, such as
the blatant failure of the wealthiest countries of the world to provide all citizens with secure
employment, affordable housing and appropriate health care that meet at least minimal
requirements.

As Kistemann et al. (2002) argue environmental health sciences (EHS) are dealing with
the effect of natural and social environment on human health. Reflecting the complex
and heterogeneous character of this structure, many sciences make specific
contributions to its analysis, among them environmental hygiene and environmental
medicine, toxicology and epidemiology, but also natural sciences, economics and social
sciences. In many cases, the investigation requires a close interdisciplinary co-operation
(Eikmann and Herr, 2001). If the aspect of spatial relation between human health and
environmental factors is to be dealt with, the expertise of geographical science as being
focused on a spatial approach is required. Along with the reintroduction of classical
literature into medicine and the ™neo-Hippocratic/ refocusing since the 18th century, the
notion that place was an types of data: on one hand geometric data which are the co-
ordinates of points defining also curves and areas and on the other hand the attribute
data containing the factual information.

Thus, this area calls for transdisciplinary research , which focuses on the organization of
knowledge around complex heterogeneous domains, rather than the disciplines and subjects into
which knowledge seems inevitably to become organized in academic settings (Nowotny et al.,
2001), ‘transcending’ the academic disciplinary structure. Further, it tackles complexity in
science and it challenges knowledge fragmentation (e.g. Klein, 2004; Ramadier, 2004). It deals
with research problems and organizations that are defined from complex and heterogeneous
domains (e.g. Horlick-Jones & Sime, 2004). Beyond complexity and heterogeneity, this mode of
knowledge production is also characterized by its hybrid nature, non-linearity and reflexivity,
transcending any academic disciplinary structure (Balsiger, 2004). The following figure shows
the transdisciplinarity nature of environmental problems.
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Figure 1. Identifying and structuring problems in transdisciplinary research (Neef, 2005)

Some authors such as Hochtel et al. (2006) have applied a theoretical concept of
transdisciplinarity by presenting the successive work stages. It demonstrates why and how
transdisciplinary methodology is to be applied. The transdisciplinary strategy was adopted since it
enables researchers to cross disciplinary borders and to deal with extra-scientific “real world
problems”. This can bee seen in figure 2:
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Figure 2. The problem solving strategy in transdisciplinary projects Hochtel et al. (2006)

In the context of health hazards the framework presented in figure 2 applies as we are
dealing with the many sources and pathways of single agents (e.g., lead) is a complex
process—the complexity is magnified by several orders if considering the effects on
health of housing or transport, urbanization and globalization, or changes to the
ecosystem and to ecological processes. Health and environmental issues are becoming
increasingly complex, crosscutting, and inter-related. (Schirnding , 2002) As been
addressed in the above section the GIS can be used an integrator, in this case. The use
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of GIS is not limited to identify the combinatory health hazards per geographical area,
but also for:

Monitoring the application current agreed upon hazards/ laws
Identifying new potential hazards

Identifying new patterns

Identifying new laws

Healthcare planning (hospitals distribution, equity)

Land use

Crisis management

The proposed GIS use is not just recommended at local level, but should be considered
as a global project.

Conclusion:

This paper has presented some examples of some health hazards under the framework
of sustainable development. It concludes that there is vital importance for the integration
of variables affecting health not only in the context of each particular category such as
air pollution and electromagnetic fields, but also integrating the effects of multiple threats
within a geographical area, where some interaction of these variables can rise the threat
of disease. An integrated transdisciplinary framework using GIS in the context of health
hazards has been presented.
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