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Space and Health

Professionals and researchers of sciences that do not include Medicine per se conducted an analysis of the spatial and temporal distribution patterns of a given population’s health and disease conditions. Among these specialists we emphasize the importance of medical geographers, currently becoming one of the important auxiliary branches of Medicine.

We are aware that there is a huge variation in the occurrence and prevalence of a large variety of disease and health standards all over the globe, on a varying scale, both on an international level and on the meso- and micro-regional level.

Thus mapping health and disease conditions constitutes a first and important step in the knowledge and understanding of this varied spatial distribution

.

According to STAMP (1964), a map showing the distribution of a given phenomenon or a series of data is simply a factual document. It doesn’t explain anything – on the contrary, it poses several questions. The most important question is why? This question, in turn, forces us to search for an explanation for the complex and intriguing pattern revealed by the map. We are encouraged to seek an eventual correlation with factors which we know or suspect may affect this distribution. When we do so other maps are devised, also showing the distribution of these eventual explanatory factors. Often the expected correlation is not found, but research must continue to formulate new hypotheses.

According to FORATTINI (1992) “the map constitutes a valuable research instrument that fosters analysis and the formulation of hypotheses (...) the use of maps lets us establish possible associations with the various determining factors, in view of the aspects of distribution of the negative event and resulting phenomena”.

Geographical analysis may significantly contribute to reveal the causes and consequences and, thus, to the progress of knowledge in public health. That is why I, as a geographer, have been dedicated to this type of research.

However, the appropriate definition of the study and mapping of the different phenomena is critically important to detect the most significant variations and the relations between them and ecological, demographic, social, cultural and economic variables. We usually begin with a broader level and drill down to more detailed levels. The first Medical Geography studies were concerned above all with the global distribution of the most important diseases. Some very interesting studies date back to the 19th Century and to the beginning of the 20th Century. Among them we emphasize MAY’ (1961), Studies in Disease Ecology. May, a physician and geographer, mapped the global distribution of the main diseases transmitted by vectors around the globe.

The second level is continental. On these two levels we see that the weather has a critical influence, above all on the distribution of vector-transmitted diseases, because vectors’ survival and reproduction depends on temperature and humidity. The third level is the national level, where variations may be linked to climatic factors only in the case of very big countries with significant climate differences. In general at this level socio-economic, medical-hospital disparity and environmental quality cause the differences.

On the fourth and local level, which may be a city or micro-region, we can better verify the influence of environmental contamination on health. The oldest and extremely illustrative example of mapping on a local scale is Dr. John Snow’s map of the deaths caused by cholera in Soho, London, in 1848. In a period of 10 days more than 500 deaths due to cholera occurred in that district. Snow carefully plotted the exact location of each victim’s house on a map and found that they were all around a well that supplied the houses’ drinking water. He then suggested the hypothesis that the water of the well might be responsible for the disease. This was confirmed when the well was closed down at his request and the cholera magically disappeared. The form of transmission of the disease had been discovered, and from then on preventive measures could be adopted.

Air Pollution and Respiratory Disease from a Geographic Standpoint

We will now focus on the subject of interest: air pollution. In the 1980s I decided to study the spatial distribution of air in the Metropolitan Region of São Paulo and subsequently verify if there were different effects on the health of the population, depending on the population’s different strata. In this case the mapping procedure consisted of a research tool that allowed the development of a cross-sectional study that sought to identify the prevalence of respiratory disease and symptoms in the population. The WHO had recommended cross-sectional studies in areas where the phenomenon had not been previously studied (WHO, 1974). 

In 1988 the conclusion of the survey indicated a correlation between the levels of air pollution from sulfur dioxide and particulate matter and symptoms of respiratory disease in children between 11 and 13 years old in three areas of São Paulo’s metropolitan region with different pollution indexes: one with very high levels (Tatuapé); one with intermediary levels (Osasco) and one with very low indexes (Juquitiba). The three pilot areas were selected after analyzing the values of 39 CETESB telemetric sites in the larger São Paulo region for the 10-year period that preceded the study. As other pollutants like photochemical oxidants (NO, NO2, NOx and ozone) and carbon monoxide are only measured in a few telemetric sites they could not be mapped.

The study was resumed in 1998. Its main objectives were:

1 – Reproduce, 12 years later, the survey conducted in São Paulo’s metropolitan region verifying the relation between air pollution and respiratory disease in children in the three above-mentioned areas with different pollution levels: Juquitiba, Osasco and Tatuapé.

2 – Analyze public policies to resolve air pollution in the metropolitan region of São Paulo and their results in terms of the metropolitan region’s air quality.

3 – Assess the effect of the change of air quality on children’s respiratory health.

4 – Verify if there were any alterations in the prevalence of the symptoms of the disease and causes of mortality in all three areas, and if such alterations are related to the change in the level of contaminants.

Main phases executed during the study to attain study objectives:

1 – Identification of public policies and air pollution control programs in the metropolitan region of São Paulo in the 1970s, 1980s and 1990s.

2 – Survey of data on mortality and cause of death between 1984 and 2000 in the municipalities of Osasco and Juquitiba and in the Tatuapé district in the Municipality of São Paulo.

3 – Statistical treatment and analysis of morbidity data obtained though questionnaires applied to children 11 to 13 and verification of possibly confusing factors that may interfere with the results obtained: housing small children’s conditions, parent’s literacy level and smoking habits. We compared the data obtained in both, 1986 and 1998.

Among the results obtained, a few relevant items are worth emphasizing:

a) In the 1960s and 1970s air quality was largely influenced by industrial sources. Industrial pollution control programs for air quality were very successful in São Paulo’s metropolitan region.

b) 1976 saw the beginning of the control of pollution by particulate matter from stationary sources; 1982 saw the control of SO2 emissions and seems to have been successful, thanks to the limits established for sulfur concentration in fuel, the replacement of fuel oil by electricity or natural gas and the departure of the most polluting industries from the metropolitan region of São Paulo.

c) 1989 also saw the beginning of the new vehicle emission reduction program based on the emission levels established in 1986 for carbon monoxide, hydrocarbons and nitrogen oxides. Even so, vehicles are currently the main source of contaminants in São Paulo.

d) PROCONVE – the Program to Control Vehicle Pollution – had good results, since it managed to reduce the levels of nearly all air contaminants, in spite of the amazing 750% increase of the region’s vehicle fleet in the period. The number of automotive vehicles registered in the metropolitan region of São Paulo attained 5.7 million in 2000. Between 1977 and 2000 CO levels dropped 3.1%; SO2 levels dropped 88.1% and particulate levels 58.4%, in spite of the growth of the fleet.

e) Ozone is currently the pollutant that causes the greatest concern. As it is a secondary pollutant its control is more complex and depends on the control of its precursor gases and atmospheric reactions. Precursor gases are associated above all to automotive vehicles, and concentrations increased considerably between 1977 and 2000: hydrocarbons increased 6.6%; NOx increased 208.1%.

f) Control programs were not equally effective in the city’s different regions. They also depend on demographic and socio-economical dynamics.

g) During the period analyzed pollution levels dropped significantly in the district of Tatuapé, in the eastern area of the municipality of S. Paulo. Sulfur dioxide concentration dropped from an average of 124(g/m3 between 1973 and 1983 to 59(g/m3 between 1984 and 1998. Particulate matter concentration dropped from 127(g/m3 to 75(g/m2. Smoke levels, that began to be measured in the 1990s, also diminished. Today the air quality standards of the pollutants measured at the site are met.

In 1986 Tatuapé had a higher prevalence compared to the other two regions: 66.6% of the symptoms analyzed. In 1998 this proportion dropped 40.7%. On the other hand, of the 27 symptoms studied there was an increased prevalence of 13 symptoms and a reduction of 12 symptoms.

This improvement was almost simultaneous with the improvement of the district’s socio-economic situation. The district was founded in 1688, with small crops and cattle breeding until the 19th Century. Its name portrays its low demographic density and rural customs: Tatuapé, or “caçar tatú a pé”, meaning to hunt armadillos on foot. With the development of the coffee plantations in the state the region made way for the railway, grew and became more markedly urban. In the early 20th Century important textile industries like Tabacow and Santista settled in the area, which gained an industrial and residential profile as industry workers also settled there.

At the end of the 1970s control of industrial pollution, added to land appreciation and others, caused the most polluting industries to move to areas more distant from the center of the city and their replacement by real-estate ventures that began the area’s verticalization process. Buildings, condos and trade ventures were launched, focused on a higher-income population. The arrival of the subway to the region, in the same period, contributed to its transformation into an “elite” neighborhood. In the 1980 and 1990 several middle-class inhabitants managed to invest and make the most of commercial opportunities and, newly wealthy, remained in the area, altering its appearance and socio-economic profile. The district’s I.D.H. estimated for 1989 indicated 084. For 1999 it indicated 089 (MARCEL, in print). Social indicators like longevity, education and income are above the average of São Paulo’s metropolitan region; its per capita income is double that of the city’s inhabitants. The reduction of air contamination levels definitely contributed to improve the quality of life in the district.

The district has an area of 8.2 km2. In 1996 its population was 77.492 inhabitants, and its demographic density was 9.450 inhabitants per km2. However, similarly to all the consolidated central area of the municipality of São Paulo, the district was losing population at a rate of –1% a year, with a loss of 4.348 inhabitants between 1991 and 1996 (EMPLASA, 2000). This loss may have been due to the exit of low-income inhabitants who, as their financial situation did not allow them to live in an area with a higher socio-economic standard, migrated to more peripheral areas, without infra-structure and services, where land and housing cheaper. This perverse phenomenon is typical of Brazilian urban areas and of the Third World in general. However, in the second half of the 1990s the district once again registered a positive demographic growth of almost 2 thousand people, and the 2000 Census registered 79.381 inhabitants (IBGE, 2002). 

The growth of population may be indirectly linked to the improvement of air quality in the area, reported above. However, its rate of motorization is among the highest in the metropolitan region of São Paulo, with more than 401 vehicles per thousand inhabitants (EMPLASA, 2000). The absence of monitoring of other pollutants of vehicular origin in the area may disguise a problem situation.

h) Osasco had a reduction of SO2 pollution of 79(g/m3 in the first period and 22(g/m3 in the second, but between 1986 and 1998 there was a marked increase of pollution due to total and inhalable particulate matter. From 1984 to 1998 the average total particulate matter rose from 73(g/m3 to 131(g/m3. These concentrations are well above primary and secondary air quality standards. Between 1984 and 1998 the level of inhalable particulate matter attained 76(g/m3 - the standard is 50(g/m3.

In 1986 the prevalence of symptoms rose 25% in Osasco. In 1998 it rose to 51.8%, higher than the Tatuapé district’s air pollution levels, as well as the number of more prevalent symptoms compared to the other two areas.

However, the municipality also showed an improved socio-economic profile. But the close proximity of highway junctions, regions of primary attraction and large warehouses neutralized gains in pollution control, in spite of a smaller motorization rate (between 121 and 240 vehicles per thousand inhabitants than Tatuapé). 

Between 1995 and 1999 the municipality did not attain attention, alert or emergency levels, and the days of the year with a dissatisfactory air quality level in regard to suspended dust–inhalable particles diminished significantly after 1995. In that year Osasco had 47 days with a dissatisfactory level. In 1996 it had 11; in 1997, 8; after 1999, none. We can clearly see the influence of the enforcement of more restrictive vehicular pollution levels adopted by PROCONVE for new vehicles in 1997, which had already begun to be adopted by the automotive industry in earlier years.

The municipality of Osasco always had positive demographic growth rates. The geometric growth rate for 1996-2000 was 1.1% a year. In 1991 the municipality had 568.225 inhabitants; in 1996 it had 622.912 and in 2000, 650.992 (IBGE, 2000).

i) Juquitiba, with a smaller population and rural characteristics, is in an area of water source protection. This has controlled the growth of industrial activity. The Regis Bittencourt highway crosses the municipality; this highway links São Paulo to the south of the country and has fairly heavy traffic, in a limited region. Apart from the highway most of the municipality is cris-crossed by local roads and the small urban center has very little vehicle traffic. Its motorization rate is lower than in other regions: 61 to 120 vehicles per 1000 inhabitants (EMPLASA, 2000). 

In 1991Juquitiba had 19.969 inhabitants; in 1996, 21.850 and 26.479 in 2000 (IBGE, 2000). Even so the municipality had the highest annual population growth between 1996 and 2000: 4.92% a year. 

The air quality monitoring station in the municipality was transferred to Cubatão, so we can no longer evaluate local air quality. However, as all activities continue to be predominantly rural and as the motorization rate is still not very significant we believe that it can be considered a control area.

In 1986 the municipality had the lowest prevalence of respiratory disease. Only two symptoms presented a higher prevalence: the hospitalization of children less than 2 years old and frequent ear infections. In 1998 the municipality still presented the lowest prevalence of 20 symptoms and diseases among the 27 persons .

2. A survey was conducted to obtain data on the mortality due to respiratory disease and air pollution in the three regions studied: Juquitiba, Osasco and Tatuapé, to verify if the trend was the same as for morbidity and air quality, mentioned above. However, the survey concentrated on the annual death rate due to respiratory causes due to the impossibility of verifying the correlation between the number of deaths and the daily and monthly distribution of air pollution because of the large number of days with no data on air pollution; alterations in the form of presentation of the data due to these inconsistencies; the change or discontinuity of monitoring stations. During the two decades studied CETESB monitoring stations suffered from wear and poor maintenance, which rendered several stations inactive for certain periods. Thus CETESB adopted the criteria of reporting representative, or sometimes non-representative, monthly data from the stations. 

The Tatuapé monitoring station is one of the oldest (1973), part of the manual network. It was thus among the most affected by obsolescence. Fortunately a smoke-measuring device was installed, allowing the temporal evaluation of air quality. On the other hand, in 1995 the Tatuapé district was dismantled, with consequences on the total number of deaths in the district. We considered the percentage of deaths from respiratory disease compared to the total number of deaths.

Chart 1: DEATHS DUE TO RESPIRATORY DISEASES COMPARED TO TOTAL NUMBER OF DEATHS IN TATUAPÉ, OSASCO AND JUQUITIBA. 1984 TO 2000

 TATUAPÉ OSASCO JUQUITIBA

	Year
	Resp. Dis.
	Total
	%
	Resp. Dis
	Total
	%
	Resp. Dis.
	Total
	%

	1984
	211
	1939
	10.9%
	430
	3436
	12.5%
	24
	116
	20.6%

	1985
	242
	1983
	12.2%
	390
	3303
	11.8%
	17
	 99
	17.7%

	1986
	252
	2049
	12.3%
	373
	3304
	11.3%
	19
	137
	13.9%

	1987
	230
	2033
	11.3%
	377
	3215
	11.7%
	18
	120
	15.0%

	1988
	244
	2089
	11.7%
	428
	3590
	11.9%
	23
	138
	16.7%

	1989
	264
	2100
	12.6%
	400
	3477
	11.5%
	16
	144
	11.1%

	1990
	263
	2144
	12.3%
	404
	3558
	11.3%
	20
	160
	12.5%

	1991
	202
	1951
	10.3%
	423
	3453
	12.3%
	20
	115
	17.4%

	1992
	244
	2020
	12.1%
	431
	3394
	12.7%
	12
	153
	 7.8%

	1993
	283
	2128
	13.3%
	455
	3661
	12.4%
	16
	158
	10.1%

	1994
	257
	2073
	12.4%
	486
	3778
	12.8%
	17
	156
	10.9%

	1995
	100

	 762
	13.2%
	449
	3781
	11.9%
	19
	173
	11.0%

	1996
	 89
	 753
	11.8%
	446
	3961
	11.2%
	16
	181
	 8.8%

	1997
	103
	 764
	13.5%
	453
	3945
	11.5%
	21
	151
	13.9%

	1998
	 99
	 725
	13.6%
	382
	3790
	10.1%
	25
	173
	14.4%

	1999
	 98
	 726 
	13.5%
	376
	3975
	 9.4%
	23
	178
	12.9%

	2000
	104
	 714
	14.5%
	423
	3893
	10.9%
	16
	156
	10.2%


Source of the data: Fundação SEADE




Chart 2: DEATHS FROM BRONCHITIS, ASTHMA AND EMPHYSEMA (D.P.O.C.) COMPARED TO THE TOTAL NUMBER OF DEATHS IN TATUAPÉ, OSASCO AND JUQUITIBA. 1984 TO 2000

	Area 
	Tatuapé
	Osasco
	Juquitiba
	Tatuapé 
	Osasco
	Juquitiba
	Tatuapé
	Osasco
	Juquitiba

	Cause
	Emphysema
	Emphysema
	Emphysema
	 Asthma
	Asthma
	Asthma
	Bronchitis
	Bronchitis
	Bronchitis

	1984
	 0.41
	0.08
	0
	0.36
	0.17
	0
	0.46
	0.20
	0.86

	1985
	 0.50
	0.12
	4.04
	0.65
	0.27
	2.02
	0.80
	0.42
	1.01

	1986
	 0.68
	0.21
	0.73
	0.24
	0.18
	0
	0.68
	0.27
	1.01



	1987
	 0.68
	0.40
	0
	0.29
	0.21
	0.83
	0.54
	0.27
	0.83

	1988 
	 0.90
	0.30
	0
	0.28
	0.16
	0
	0.57
	0.38
	0

	1989
	 0.66
	0.48
	0
	0.14
	0.14
	0
	0.85
	0.20
	0

	1990
	 0.79
	0.39
	0
	0.23
	0.14
	0
	0.65
	0.08
	0.62

	1991
	 0.46
	0.17
	0
	0.10
	0.20
	0
	0.51
	0.23
	0

	1992
	 0.34
	0.44
	0
	0.49
	0.26
	0
	0.24
	0.08
	0

	1993
	 0.98
	0.32
	0
	0.28
	0.19
	0.63
	0.37
	0.21
	0

	1994
	 0.57
	0.42
	0
	0.53
	0.18
	1.92
	0.28
	0.15
	0

	1995
	 1.31
	0.31
	0
	0.26
	0.13
	0
	0
	0.18
	0

	1996
	0.53
	0.27
	0
	0.53
	0.17
	0.55
	0.26
	0.17
	0

	1997
	0.39
	0.27
	0
	0
	0.12
	0
	0
	0.12
	0

	1998
	0.82
	0.26
	0
	0.13
	0.02
	1.1
	0
	0.15
	0

	1999
	0.96
	0.32
	0.56
	0.41
	0.15
	0
	0
	0.05
	0

	2000
	0.98
	0.23
	0
	0.42
	0.12
	0
	0
	0.07
	0


We can see that when we analyze respiratory diseases jointly there are no significant variations in percentile terms throughout the period studied except for Juquitiba, that had a significant reduction of cases of bronchi-pneumonia. with a consequence on percentiles. On the other hand, there are no expressive variations among the three areas studied, although Tatuapé has slightly higher percentages.

An analysis of the isolated respiratory causes shows that Tatuapé presents a slightly higher percentage of deaths from emphysema than the other two regions, the result of its more elderly population and possibly a consequence of the very high pollution levels in earlier decades. Also, in 2000 the death rate from respiratory disease were higher in Tatuapé compared to other regions. In that year death rates due to respiratory disease were 6 deaths per 10.000 inhabitants in Osasco and Juquitiba and 13 deaths per 10.000 inhabitants in Tatuapé, while the general mortality rate was 5.9 per thousand in Osasco, 5.8 per thousand in Juquitiba and 8.9 per thousand in Tatuapé. The figures mirror the older population that lives in Tatuapé. Data from the 2000 Census indicates that the municipality of São Paulo has 9.32% inhabitants 60 years old or more; 6.89% in Osasco and 7.15% in Juquitiba.

We can see, however, a reduction of bronchitis-related deaths in Tatuapé. Juquitiba and Osasco in recent years with the decrease of air pollution levels.

On the other hand the child mortality rate is lower in Tatuapé (11.49 per thousand) than in Juquitiba (15.22 per thousand) and Osasco (18.69 per thousand), indicating improved socio-economic conditions. In addition, Tatuapé has a lower percentage of children’s deaths from pneumonia, which don’t even exist for some years. Thus we observe, in all three regions, a significant reduction of the number of children’s deaths in the 1984 – 2000. period. as well as children’s deaths due to pneumonia.

Closing Comments

The main negative factor that interfered with the execution of the study was the frequent lack of data from CETESB’s monitoring stations in the metropolitan region of São Paulo. This hindered the analysis of daily and monthly variations of pollution and their comparison with daily and monthly mortality curves. The study was only able to use annual data.

Another negative point was the territorial division of the Tatuapé district after the district reform adopted by the municipality in the 1990s, which led to a significant drop in the number of deaths in 1995. We therefore considered the percentage of deaths caused by respiratory disease compared to the total number of deaths.

As positive factors we emphasize the available annual data on cause of death in all three areas studied, obtained from the Serviço de Aprimoramento de Informações sobre Mortalidade - PRO-AIM - of the São Paulo City Hall and Fundação SEADE; the opportunity for the discussion and publication of the results of the survey in domestic and international publications and forums and the opening of new research fronts with the evaluation of the effects of atmospheric pollution on health.

We recommend the development of a master plan comprising environmental factors; the annual control of vehicle emission from the vehicles in circulation for more than one year; fleet renewal (approximately 40% of the vehicles in the metropolitan region of São Paulo are more than 10 years old and, therefore, do not comply with PROCONVE’s current requirements); a stricter control of the black smoke emitted by buses and trucks and the improvement of collective transportation. These programs are necessary in the current situation with the aim of future improvement of the air quality in the metropolitan region.

In addition, planning and policies regarding the use of urban land must take climate dynamics and local and regional air quality into account, as the air pollution phenomenon has completely different effects among the micro and meso-regions, as well as economic and demographic dynamics.
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� The Tatuapé district was divided due to a new regional division of the municipality of S. Paulo





