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Introduction 
This article is based on a case study prepared at the 
request of the Health & Environment Analysis for 
Decision-making (HEAD LAMP) project of the Of
fice of Global and Integrated Environmental 
Health of the World Health Organization (WHO). 
The main purpose of the HEAD LAMP initiative is 
to obtain information on which to base preventive 
action against environmental health problems. To 
achieve this aim, HEADLAMP promotes the devel
opment of methods to link environment and 
health data collected routinely within countries. 
The project intends to identify core environmental 
health indicators for use in environmental health 
management at local and national levels, and to 
encourage their use to direct policy. 

Primarily, this article will address the develop
ment of data linkage methods, and will discuss 
briefly, based on existing experience with data link
age in Sao Paulo, the potential for routine environ
mental health monitoring and management in a 
major developing-country industrial centre. 

At what. could be called the macro level, we will 
look briefly, at an environmental hazard which 
may have broad health impacts for the population 
of the city: air pollution. At what could be called 
the micro level, we look at a complex of environ
mental hazards which affect the population of Sao 
Paulo differentially depending on household and 
neighbourhood circumstances. At this level, we re
view the use of routinely collected data on socio
environmental conditions (water consumption, 
population density, sanitation, income and educa
tion standards) and their linkage to health data. 

For our analysis of data linkage methods, in
cluding issues of data quality and linkage potential, 
we draw heavily on recent research in Sao Paulo by 
Stephens et al. (l).d 

First, we shall give some background to the case 
study of Sao Paulo. Sources of population, health, 
socio-environmental and air pollution data are 
identified. Data are assessed on the basis of their 
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availability (frequency of measurement, access and 
geographical reference) and their quality (com
pleteness and accuracy). Current monitoring and 
linkage activities are presented, supplemented by 
ad hoc studies which have used the same type of 
data to demonstrate health links (2). Finally, the 
potential for Health and Environmental Data Link
age Analysis and Monitoring Projects in the Sao 
Paulo Metropolitan Area is discussed briefly. 

Background information: Sao Paulo 
Metropolitan Area (SPMA) 
The Sao Paulo Metropolitan Area (SPMA) is situ
ated in southeastern Brazil and comprises 39 
municipalities in a territory of 8 051 km2. Map 1 
shows maps of the SPMAand Sao Paulo City (SPC). 
Approximately 5 000 km2 of the SPMA is urban
ized. Sao Paulo City, the main municipality of the 
metropolitan area and capital of the Brazilian state 
of the same name, occupies 1 577 km2. 

The SPMA contains 12% of the Brazilian popu
lation. In 1991, 15 416 416 people lived in the 
SPMA, with 9 626 894 of them living in Sao Paulo 
City (SPC). According to this most recent census, 
the annual growth rate of the region has slowed 
from 4.5% (3.7% for SPC) between 1970-1980 to 
1.9% (1.2% for SPC) from 1980-1990 (3). 

Socio-economic environmental and health situation 
The SPMA accounts for 18% of Brazilian gross 
domestic product (or US$ 425 billion), 31% of 
Brazil's industrial domestic product and 25% of 
the industrial labour force. Today, the region is the 
largest industrial centre in Latin America. 

Despite its economic stature, there are consid
erable inequalities in income distribution in the 
metropolitan area: the richest 10% of the popula
tion earned 30% of the total income, and the poor
est 50% earned only 25% of the total income in 
1990. The unequal distribution of the economic 
benefits of urban growth in Sao Paulo has had a 
marked impact on the distribution of household 
environmental benefits resulting in "an inequi
table burden of negative environmental impacts 
which affect the poor" (4). 

Sao Paulo's growth and industrialization 
have also been marked by serious environmental 
problems. The deteriorating quality of environ
mental resources including air, water and land 
have been mentioned by various authors (4-6). At 
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Map 1 
Sao Paulo City (SPC) and Sao Paulo Metropolitan Area (SPMA), Brazil 
Carte 1 
Ville de Sao Paulo et agglomeration de Sao Paulo, Bresil 

the macro-level, industrial air and water pollution 
have been tackled with some success. However, 
there are still serious problems with air pollution 
produced by motor vehicles and water pollution 
due to inadequate treatment of sewerage. Solid 
waste collection has also been a matter for 
concern, because the annual increase in quantity 
has not been followed by a corresponding 
increase in waste treatment sites (2). Erosion, 
flooding, soil contamination, mudslides, and 
noise pollution are other environmental prob
lems in the region (2, 4). 

To set the linkage of environment and health 
data in Sao Paulo in its broader health context, we 
shall describe the aggregate epidemiological pro
file of the city. In the City of Sao Paulo in 1992, only 
4% of all registered deaths were due to infectious 
and parasitic diseases, whereas 33% of all deaths 
were due to diseases of the circulatory system, 12% 
to respiratory problems, and 14% to external 
causes. Other cause groups accounted for the re
maining 37% of all registered deaths (Funda~ao 
SEADE- internal files). 

In general, Sao Paulo is a city of considerable 
industrial and economic strength, with emerging 
problems of the macro environment including air 
pollution. In socio-economic terms, the city is char
acterized by large disparities in wealth between the 
rich and the poor and this has repercussions for 
social and environmental conditions at the micro
level. Bearing in mind the city's overall context, 
we will now explore monitoring of the enVIron-
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ment and health and the use of data linkage in Sao 
Paulo. 

Data Linkage 
The type of linkage possible using existing data is 
dependent on the range and quality of informa
tion available and accessible. There are, broadly, 
3 types of data required for the linkage of environ
ment and health data: numerator data (i.e., data 
on health events - ideally clinically-diagnosed mor
tality or morbidity); denominator data (i.e., data 
on the population at risk); and lastly, the exposure 
data (i.e., data on the environment to which the 
population is exposed). 

In order to explore the possibilities and practi
calities of data linkage we will review information 
in Sao Paulo under the general themes of: sources 
of data; quality of data; and monitoring and data 
linkage. The discussion focuses on data linkage at 
the ecological level, that is analysis based on 
grouped data (rather than individual data). 

Sources of data and availability 
Urban areas of both developed and developing 
countries are often characterized by their multi
plicity of agencies, and if they are regional or na
tional capitals, by the presence of academic institu
tions. Consequently, there is often no shortage of 
information collected on health-related conditions 
and on the urban environment. Sao Paulo is no 
exception. 
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Denominator data (population) 
Census data are normally the main source of popu
lation estimates and can be used to provide ap
proximate information for denominators in rates 
of mortality and morbidity. One advantage of cen
sus data is that they are based on total counts of the 
population and are regularly undertaken (allowing 
time trends to be analysed). Disadvantages occur if 
the census occurred many years prior to a current 
analysis. Mobility of the population can be difficult 
to estimate accurately and may differ widely be
tween sub-groups. 

Brazil's population census (most recent in 
1991), is carried out every 10 years, and compiles 
the following information: resident and/ or 
present population (in other words, de jure and/ or 
de facto population), distribution by age, sex, mari
tal status, religion, race, urban/rural condition, 
education, place of birth, relation to the head of 
the household, etc. (7).e 

Population enumeration is based on the small
est geographical fraction (census units) but results 
are published by districts or municipalities. The 
SPMA is formed by 139 districts with 96 of them in 
SPC. Data on census units are available upon re
quest. Access to the data is obtained by published 
reports or by terminal and disks. There is no 
charge to obtain general population data, but 
IBGEf has set fees for special tabulations. The 1991 
Census has recently made available data on age 
structure of the population. 

Ad hoc surveys have also been used as sources 
for population estimates. PCV (Pesquisa de Con
dir;iies de Vida- survey ofliving conditions) (5)g and 
Pesquisa Origem Destino (origin - destination 
survey)h are two such surveys that can provide 
population data, and are used particularly for local 
planning in inter-censual periods. 

Numerator: health data on mortality and/or morbidity 
Sources of routine numerator data on mortality 
and morbidity can be diverse. Routine numerator 
data can be obtained primarily through vital events 
information, infectious disease notification and 

< Basic data are collected for the total population, but more 
specific information, for example, fertility, mortality, 
migration, labour force, is collected only for a sample, which, 
until 1980, represented 25% of the population. In the 1991 
Census this sample varied between 10 and 20%, depending on 
the size of the city. 

f IBGE (Brazilian Institute of Geography and Statistics) located 
in Rio de Janeiro is a federal government unit in charge of 
Census operations. 

g The Pesquisa de Condi~oes de Vida collected data on family 
income, labour market, housing, access to health care, 
education and property for 5 500 households in the SPMA. 

h The Pesquisa Origem Destmo was carried out by the SPMA in 
1987. This research resulted from a survey of 26 000 
households and used the population projected by Funda!;ao 
SEADE for 1990 as its expansion factor. 
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facility-based information. Here we will discuss 
only vital events and facility-based information. 

Vital registration of events (mortality). Annual analyses 
of mortality data in Sao Paulo are made by 
Funda(ao SEADE, a division of the Sao Paulo State 
Planning Secretariat. Death certificates are com
piled on a monthly basis from civil registers ( cart6-
rios) and deaths are coded by place of residence of 
the deceased.i Data on age, sex, place of occur
rence, main and associated causes of death are also 
available. Data on yearly mortality is obtained from 
SEADE upon request or through their annual pub
lications. Mortality data can also be acquired from 
the Ministry of Health, but their data are always 
produced after SEADE's data. where registration 
of death events is a condition for burial in con
trolled cemeteries, and all cemeteries are con
trolled by government, then registration of events 
is more comprehensive. 

Daily enumeration of deaths is also compiled 
through the Sao Paulo Municipal Secretariat of 
Health (SEMPLA), where PRO AIM, a municipal 
project to improve death certification, obtains 
death certificates sent by city funerariasj 24 hours 
after the occurrence of every death. PRO AIM data 
are based on 56 districts and subdistricts in SPC. 
Access to these data can be obtained through 
SEMPLA's computer terminals. 

Morbidity data. Morbidity data are produced rou
tinely in public and private health facilities with 
an official compilation mechanism embracing 
public and private hospital admissions. Data on 
outpatient care are officially compiled only for 
public facilities. A recent household survey (the 
PCV) showed that only 40% of the families living 
in the SPMA are exclusive users of the public 
health system (publicly-owned facilities plus pri
vately-owned facilities financed by public money). 
The other 60% have individual private health in
surance, are enroled in company plans or use 
private facilities on an ad hoc basis. This official 
data base thus does not contain outpatient data 
on 60% of the population, making routine mor
bidity data incomplete in terms of the popula
tion's health experience.k 

1 SEADE codes mortality data for all municipalities in the SPMA. 
In SPC place of residence is disaggregated into 56 districts and 
subdistricts. There are plans to adjust SPC coding to the 96 new 
districts. 

j Special shops that organize funerals, make and sell coffins. 
They are private in the majority of Brazilian cities. In Sao Paulo 
City for historical reasons they belong to the public sector. 

k The "Hospital data base" (SIH-SUS) gathers data on 
admissions to the public-sector hospitals and the "Ambulatory 
data base" (SIA-SUS) registers data from appointments made 
with public-sector outpatientfacilities. Both systems were set up 
by the Ministry of Health, but State Secretaries have their own 
data bases. In Sao Paulo, the State Health Secretary runs a very 
well structured information system (CIS). 
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Health surveys have been carried out to obtain 
data on morbidity. In the 1980s, IBGE undertook 2 
surveys (8). Cancer registers are also available. The 
population based register was established in 1969, 
but there has been discontinuity in its work and the 
latest data are from 1978. There are also hospital 
registers in the main cancer units in SPC. Access to 
this type of data can be obtained through ad hoc 
reports and publications. 

Exposure data 
There is a diverse range of sources for environmen
tal exposure data - at the micro-level, data are ob
tainable through service providers, and intermit
tently from the census or other large-scale house
hold surveys. Macro-environmental problems are 
often monitored through agencies set up for the 
purpose. 

Service-based data. Most cities maintain records of 
environmental services such as water supplies, sani
tation, electricity connections, sewerage connec
tions and solid waste disposal. These data serve to 
give a broad idea of the environmental conditions 
faced by the population in their homes or neigh
bourhoods. At the very least, agencies dealing with 
environmental services will have information on 
the more affluent areas of town where services are 
regularly provided. Agencies which provide infor
mation on the supply of an amenity to an area may 
not routinely collect data on aspects of quality, 
quantity or regularity of that supply. 

Census or large-scale household survey data. The 
main advantage of exposure data culled from the 
census is that information is often detailed and the 
measurements apply to individual households. 
Since one of its aims is to represent the whole 
population, the census may also be the most com
prehensive and detailed available source of micro
level environmental exposure information. De
pending on the degree of disaggregation of data 
required, an advantage of using exposure data 
from the census is that the geographical break
down of the data is compatible with the breakdown 
of census-based denominator data (thus enhanc
ing the reliability of the linkage of the two types of 
data). A disadvantage of census-based exposure 
(and population) data may be that geographical 
disaggregation of information is not compatible 
with the disaggregation of data on health events 
such as mortality (often reported by administra
tive/political districts). 

Spot-monitoring systems. Some cities now employ 
monitoring systems which monitor an environ
mental hazard at certain geographical locations. 
Such monitoring usually documents a macro-envi
ronmental problem, for example air or water qual
ity. If carried out consistently over time this moni
toring can gauge trends in conditions. A limitation 
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of such spot monitoring may be that a small num
ber of stations or points of monitoring may not be 
able to represent accurately the overall profile of 
conditions in a large area. 

In Sao Paulo, both micro-level and macro level 
environmental hazards are monitored. At the 
macro-level, air pollution is monitored by an agen
cy set up for the task. Micro-level environmental 
health conditions are monitored routinely by ser
vice agencies. 

Macro-level exposure data: air pollution. CETESB (the 
State of Sao Paulo Environmental Agency) is the 
main source of routinely-collected air pollution 
data in the SPMA (9). There are 22 automatic and 7 
manual stations collecting air pollution data in 
SPMA. 60% of the automatic and 86% of the man
ual stations are in SPC. Because air quality is only 
monitored close to the stations, the results are not 
representative of the whole district. The majority of 
stations are placed at busy roads in the town's 
centre. 

CETESB provides data on air pollution each 
day to the media plus a forecast of pollutant disper
sion for the next 24 hours. Basing calculations on 
the Pollutant Standard Index (PSI) created by 
the Environmental Protection Agency (EPA) of 
the United States of America, CETESB computes 
an index which expresses the quality of Sao Pau
lo's air within 6 categories: "good", "regular", 
"inadequate", "bad", "worse" and "critical". 
CETESB also adopts criteria for controlling daily 
acute episodes of air pollution based on 3 category 
levels- "attention", "alert" and "emergency"- for 
each pollutant. 

Micro-level exposure: socio-environmental data. At the 
micro-level we focus on 5 socio-environmental 
hazards in Sao Paulo which have differential im
pacts on households in the city. These indicators 
of environmental health hazard were selected by 
local planners, academics and service agency staff 
in a forum, on the basis of their relationship to 
micro-level environmental health problems in the 
city (as perceived by participants). Measured at 
the ecological level (ecological in the sense of 
using geographical data to compare environmen
tal conditions between districts within the city), 
the data used to compose an index of socio-envi
ronmental deprivation in the city were "income" 
=average per capita income; "education"= per
centage of illiterates and people who did not com
plete primary school; "sewerage facilities" = per
centage of houses linked to central sewerage; 
''water supply" = average per capita water con
sumption; and "housing" = average number of 
persons per house. Using a complex of indicators 
to measure socio-environmental hazard reflects 
both the opinions of planners and policy-makers 
in Sao Paulo and a concern about individual data 
quality. 
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To analyse the effects of differentials in envi
ronmental conditions within the city, differences 
in conditions and health between areas in the city 
can be mapped, provided that geographical refer
ences for data are compatible. Sao Paulo City has 
until recently been divided into 56 districts and 
sub-districts, the traditional geographical bases for 
census data and vital registration. Some environ
mental service agencies use their own system to 
divide the city: for example SABESP (the water and 
sanitation agency) uses 310 "real estate sectors" . 

The data used for monitoring micro-level envi
ronmental problems in Sao Paulo can be obtained 
from the following sources: (i) Pesquisa Origem-Des
tina provided disaggregated data on "income" and 
"education" for each district and sub-district; 
(ii) data on the "water supply" and "sewerage 
facilities" variables were collected at SABESP; and 
(iii) the 1991 Population Census gave us data on 
housing density. Micro-level data on household or 
neighbourhood conditions can also be obtained 
through surveys organized by state or metropolitan 
departments or by IBGE. National household sur
veys carried out by IBGE started in 1981 with the 
theme "health", and an annual survey has been 
carried out each year since .I IBGE data are accessi
ble through publications, disks, reports and special 
tabulations. The national census also collects socio
environmental data every 10 years. 

Data quality 

Denominator (Population) 
Monitoring environmental and health conditions, 
particularly over time and within small areas, re
quires an understanding of population mobility, 
since quite often an individual will face a risk in 
one location but may fall ill or die in another area. 
The linkage of data on a particular environment 
with the health of those who, at any one time, live 
in that environment is therefore difficult. No rou
tine information about previous residence (i.e., 
specific location) is available routinely in Brazil. 
Data on population mobility within Sao Paulo are 
largely unavailable, but may be derived from the 
1991 census. 

In terms of completeness of denominator data, 
there is an overall 5-10% under-enumeration in 
the Brazilian census. This under-enumeration is 
distributed unevenly by area and age groups. The 
homeless in Sao Paulo are a potential source of 
substantial under-enumeration in census counts. 
This has the effect of creating an under-estimation 
of denominators, with particular impact on data 

1 1982- education; 1983- national insurance and occupation; 
1984- fertility; 1985- children; 1986- access to health service, 
nutrition, membership in community organizations and birth 
control; 1988 - political participation and energy facilities; 
1989 -labour market. 
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from central areas of the city where higher concen
trations of the homeless attempt to subsist. There 
are claims in SPC that the 1991 census under
enumerated considerably, although this claim is 
refuted. 

Numerator (mortality and morbidity data) 
Routine vital registration data on deaths in Sao 
Paulo are excellent overall (10). They are estimated 
to be 99% complete, with only limited area-specific 
problems. There is also satisfactory accuracy in the 
reporting of the main cause in the death certificate 
(11). Area-based data, particularly in the central 
areas of Sao Paulo, are affected by the deaths of the 
homeless, who are not registered in the census, but 
appear in mortality figures in civil registers 
(cart6rios) in the centre of the city, making rates 
appear high in these areas. Peripheral areas in the 
metropolitan area, such as the District of Parelhei
ros in SPC, may also be affected. 

Exposure data 
Macro environment: air pollution. Air pollution is var
ied in its nature - it can be indoor, outdoor or 
personal. In terms of health-threatening pollution 
in the short-term, tobacco is probably the main air 
pollutant in urban areas to cause respiratory dis
eases (12). It also contributes to many other diseas
es outside the respiratory system. Indoor pollution 
is another factor in health problems. Institutional 
geographical information on these two sources of 
pollution is scarce in SPMA. Air pollution monitor
ing activities in the SPMA collect data only on 
outdoor pollution. The monitoring stations in Sao 
Paulo gauge only very localized problems, reflect
ing each monitoring station's surroundings. 
Most stations are located along busy roads and are 
concentrated in the central areas of the city. 

In terms of completeness of air pollution moni
toring, there is also variation among the monitor
ing stations in continuity of data collection. For 
example, Lapa station monitored 360 days in 1992 
whereas Santana monitored only 251 days that 
year. In addition, not all stations monitor the same 
type of pollutant. In SPMA only one automatic 
station (Parque Sao Pedro) and the 2 mobile labo
ratories are able to measure all common pollut
ants. The severity of the problem over a larger area 
cannot be assessed with a sparse set of observations. 
Monitoring should be complemented with spot 
surveys, but financial limitations have restricted 
such surveys. 

Socio-environmental data. Routine data on micro
level environmental conditions in Sao Paulo are, 
on the whole, very good and a large number of 
sources (mostly academic studies) are available to 
cross-check and corroborate data. Limitations of 
routine information on socio-environmental con
ditions are related to the level of disaggregation 
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permitted by existing data sets and to the sensitivity 
of existing indicators. 

With respect to the level of disaggregation, the 
division of a city (with a population of over 9 mil
lion) into 56 districts and sub-districts avoids gross 
and misleading aggregation of statistics, but still 
leaves some degree of data aggregation, some of 
which conceals differentials in environmental con
ditions and possibly health impacts within districts. 
The 1992 revision of internal city boundaries into 
96 districts was intended to solve this to a degree. 
Adoption of the new boundaries has yet to be 
implemented by several agencies, most notably the 
vital registration system, which still uses 56 divi
sions for its data analysis. 

A more difficult problem is related to the sensi
tivity of existing data to reflect accurately environ
mental quality at the micro-level. To give an exam
ple of problems with data sensitivity in Sao Paulo, 
and using access to sanitation, despite evidence of 
some differentials between areas within the city, 
routine information on "access to sewerage facili
ties" do not give an accurate picture of distinctions 
in service quality between the extremelyvulnerable 
and the privileged in the city. SABESP data indi
cate that in more than 50% of the districts and sub
districts in Sao Paulo, 90% of the households have 
"connections" to sewerage facilities. In contrast, 
and at greater degree of specificity, the results of a 
major household survey for the metropolitan re
gion showed that only 40% of the favela house
holds have access to sewerage facilities and 25% of 
the cortiro~ households have no access to this ser
vice (5). Aggregate data on districts containing 
small pockets of favela households and cortiros do 
not reveal enough about conditions there. 

Existing health and environment monitoring 

Monitoring of micro-level environmental conditions 
Despite the fact that over 40% of the population 
are known to be living in poverty, environmental 
problems at the micro-level in Sao Paulo have not, 
until recently, been "monitored" in the sense of 
(publicly) documenting socio-environmental con
ditions and using monitoring data to act. However, 
to the degree that each agency is aware of the 
coverage and quality of its particular environmen
tal service, individual aspects of environment at the 
micro-level have been monitored. For example, 

mCartiros or rented rooms are an "illegal" housing category in 
the City of Sao Paulo, resembling the tenement slums of 
industrialized nations. They are the oldest, most popular kind 
of housing, mostly in the centre of the city. Families live in one 
or two rooms and share common kitchens and bathrooms. 
Data relative to cartiros are controversial, since there is no 
consensus on the definition. They are also difficult to count 
because they are hidden in other categories in population 
censuses and municipal registers. Also, there has been no 
comprehensive survey in Sao Paulo of environmental 
conditions in cortiros. 
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SABESP officials have extensive data and are aware 
of the distribution of their services and service 
quality. Similarly, the Housing Secretariat moni
tors the degradation of housing stock into cortiros 
and maps and monitors the development of 
favelas. Each agency monitors conditions for its 
own purposes, often linked to maintenance of 
agency-specific environmental and professional 
standards, and also to financing of service delivery. 
Data have not been shared between agencies until 
recently. 

Despite limited communication among agen
cies about the socio-environmental conditions 
which they each document individually, there have 
been several initiatives over the past decade to 
compile broad-ranging data on socio-environmen
tal conditions. The municipal planning secretariat 
(SEMPLA) compiles and has access to diverse in
formation on services and uses it to estimate future 
needs. SEMPLA does not, other than in a discre
tionary sense, have control over the delivery of 
services to areas with poor environmental facilities. 

In 1993, a collaborative initiative was set in 
place, involving SEADE (the state statistical agen
cy), SEMPLA (the municipal planning secretariat), 
SABESP (water and sanitation), the municipal 
Housing Secretariat, Sao Paulo State Education 
Secretariat, and the London School of Hygiene 
and Tropical Medicine (1). This initiative aimed to 
create a linked data base, which monitored socio
environmental conditions within the city for one 
year (1992-93), both through developing compati
ble maps of the distribution of health and environ
mental conditions by district and through the con
struction of an index of socio-environmental depri
vation based on routine, existing data. The index 
measured relative socio-environmental conditions 
between districts and established 4 zones of socio
environmental qualityn which were then linked to 
health conditions within the city. 

According to this analysis, 43.8% of Sao Paulo's 
population live in the quartile of districts with the 
worst socio-environmental conditions (Zone 1). 
They have a low level of education and income, 
have limited access to sewerage facilities, consume 
less water per capita and live in higher-density 
housing. Zone 4 has the best socio-environmental 
conditions in the city, with 9.2% of Sao Paulo's 
population. Zones 2 and 3 contained 34 and 45% 
respectively. 

Table 1 shows that large differentials in condi
tions exist among areas in Sao Paulo. For example, 
on average, per capita income is over 3 times high
er for residents of Zone 4 compared to income for 
residents of Zone 1. Differentials in education exist 
also, with levels of illiteracy ranging from 28.1% in 

n Adapting a method developed by the United Nations Human 
Development Report, 1992 to derive a Human Development 
Index. 
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Table 1 
Socio-environmental differentials between zones in Sao Paulo 

Tableau 1 
Differences socio-ecologiques entres les zones de Sao Paulo 

Zones Average per cap1ta Average% of illiterates Average% of houses Average per capita Average number 
income (m1mmum & mcomplete pnmary lmked to the general water consumption (m3)- of people per house -
wages)- Revenu school- Pourcentage network- Pourcentage Consommat1on moyenne Nombre moyen 
moyen par habitant moyen d'analphabetes moyen d'habitatlons d'eau par habitant (m3) d'occupants 
(sala1re mimmum) et de personnes n'ayant relu§es au reseau par hab1tat10n 

pas termme le cycle commun 
de !'ecole pnmaire 

Zone 1 2.1 40.0 64.3 4.3 3.8 
Zone 2 3.2 35.5 81.8 6.2 3.7 
Zone 3 4.3 32.8 94.2 11.5 3.4 
Zone 4 7.2 28.1 98.7 20.6 2.8 

Source· Ref (1) (from Ref. (15), SABESP, 1993, FIBGE, 1992)- Ref (1) (d'apres Ref (15), SABESP, 1993; FIBGE, 1992) 

Zone 4 (the best) to 40% in Zone 1. Differentials in 
water consumption are striking: in Zone 1 only 
4.3 m3 of water are consumed per day per capita. 
In contrast, over 20 m3 are consumed per day per 
capita in Zone 4. 

The majority of districts in Zone 1 (the most 
deprived) are on the periphery of the city, while 
the centre houses the most privileged (on aver
age). The distribution of socio-environmental con
ditions should be borne in mind as we discuss the 
monitoring of the macro-environmental problem 
of air pollution. 

Macro-environmental monitoring: air pollution 
Air pollution monitoring started in 1965 in 3 in
dustrial municipalities of the SPMA (9). Monitor
ing in Sao Paulo City started 3 years later with the 
measurement of sulphur dioxide (S02) and smoke 
levels at only one site (13). There were 14 sites in 
1977 (reduced to 6 in the early 1980s) with 3 of 
them providing information to Global Environ
ment Monitoring System (GEMS). In 1981, the 
State of Sao Paulo Environmental Agency 
(CETESB) installed automatic monitoring devices 
at 25 new sites (including Cubatao, a city outside 
the SPMA), an improvement on the previous man
ual method. 

In 1994 the monitoring network consisted of 
12 automatic and 6 manual stations in SPC and 
10 automatic and 1 manual stations in other munic
ipalities of the SPMA. There are also 2 mobile 
laboratories which operate automatically. The auto
matic network measures the following features: re
spirable particles (PM10), sulphur dioxide (S02), 

oxidesofnitrogen (NOx),ozone (03),carbonmon
oxide (CO), hydrocarbons (HC), wind speed (WS) 
and direction (WD), humidity (H) and tempera
ture (T). The manual network measures S02 and 
smoke levels, while at 9 automatic sites, suspended 
particulate matter (SPM) is measured manually by 
the high volume samplers. Table 2 shows the config
uration of the automatic network in the SPMA. 
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Emissions inventory is an important activity in 
the air pollution control and monitoring process. 
Emissions are associated with power generation 
and industry, motor vehicle traffic and domestic 
solid fuel. Sao Paulo is considered to have good 
availability of emissions inventories as shown by the 
Urban air pollution in megacities of the world (13). 

Table 3 presents a summary of the relative con
tribution of various emission sources and their re
spective pollutants. 

Topography and climatic characteristics have an 
important influence on air quality as they contrib
ute to the dispersion of air pollutant emissions. 
Varied topography, proximity to the sea, surround
ing mountains, the "street canyon" effect (busy 
roads with tall buildings in both sides of the road 
preventing dispersion of low level emissions) and 
thermal inversions are the main factors which influ
ence the dispersion of air pollutants in Sao Paulo. 
Frequently during the winter du in Sao Paulo (May 
to August), inversion layers form above the ground 
and trap pollutants, which in turn aggravates the 
thermal inversion. CETESB has a special scheme for 
monitoring air pollutant dispersion in winter. 

CETESB has data on first and second maximum 
daily pollutant levels, arithmetic and geometric 
means, and number of monitored days since 1988. 
There is also information on the number of days 
when pollutant levels were above national stan
dards and indications whether these levels trig
gered the categories of critical points of "atten
tion", "alarm" and "emergency". 

Twenty-one fixed stations monitor respirable 
particles. In 1992, 15 of these reported days when 
levels were above national standards (50 g/m3).0 

The highest annual arithmetic mean was found in 

0 There is variation between the stations in terms of number of 
days above the national standards. For example, Guarulhos' 
levels were above national standard for 15 days, Cerqueira 
Cesar's for 11 days, Mo6ca's for 7 days and Santana's for 
2 days. Cubatao, an area outside the SPMA, had levels above 
national standards for 37 days. 
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Table 2 
Configuration of the automatic network in the SPMA 

Tableau 2 
Configuration du reseau automatique dans !'agglomeration urbaine de Sao Paulo 

N' Station location - PM1o so2 NO N02 co HC 03 Humid- Temper- Wind Wind 
Emplacement lty- ature- speed- d1rect1on-
de Ia statiOn Hum1- Tempe- Vitesse Direction 

d1te rature du vent du vent 

01 Parque D. Pedro X X X X X X X X X X X 
02 Santana X X X X 
03 Mo6ca X X X X X X X X 
04 Cambuci X X 
05 lbirapuera X X X X 
06 N.Sra. do 0 X X 
07 S. Caetano do Sui X X X X 
08 Congonhas X X X X X X 
09 Lap a X X X X X 
10 Cerqueira Cesar X X X X X 
11 Penh a X X 
12 Centro X X 
13 Guarulhos X X X X 
14 Sto Andre - Centro X X X X 
15 Diadema X X 
16 Santo Amaro X X X X 
17 Osasco X X X X 
18 Sto Andre- Capuava X X X X 
19 S. Bernardo do Campo X X X X 
20 Taboao da Serra X X 
21 Sao Miguel Paulista X X X X 
22 Maua X X 
26 Mobile lab. II - X X X X X X X X X X X 

Lab. mobile II 
27 Mobile lab. I - X X X X X X X X X X 

Lab. mobile I 

Source Ref- Ref (9) 

Table 3 
Summary table of the relative contribution of different emission sources and respective pollutants 

Tableau 3 
Tableau recapitulatif de !'importance relative de differentes sources dans !'emission de polluants 

Sources- Sources 
Pollutants - Polluants Vehicles- Veh1cules Industry -lndustnes Other - Autres Total - Total 

co 94% 3% 
NOX 92% 7% 
so2 64% 36% 
PM1o 40% 10% 

Source· Ref -Ref (9) 

Cerqueira Cesar (92 gfm3) reflecting traffic prob
lems in the area. Smoke level is measured at 7 sta
tions: only one of the stations had an arithmetic 
mean smoke level above the national standard in 
1992. Suspended particulate matter (SPM) is as
sessed at 9 sites in the SPMA, using the high vol
ume sampler collecting a 24-hour sample every 
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3% 100% 
1% 100% 
0% 100% 

50% 100% 

6 days. At 4 of these, the annual geometric mean 
levels of pollutant were found to be above the 
national standard. CETESB data indicate a decline 
in the levels of the 3 pollutants mentioned over the 
last 10 years (9). 

For sulphur dioxide, none of the monitoring 
sites reported annual arithmetic means above stan-
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dards in 1992 and data show decreasing levels of 
this pollutant for all sites over the last 10 years. The 
case of carbon monoxide is more serious: one of 
the sites (Cerqueira Cesar) reported 78 days when 
for 8 hours, CO levels were above national stan
dards. On one of these days pollutant levels 
reached "attention" critical status. There is no 
clear, observable trend over time for carbon mon
oxide. None of the sites had representative data for 
nitrogen dioxide. 

Current health and environment data linkage 
activities 
This section documents briefly the results of envi
ronmental and health data linkage, looking first
at the micro-level- at the health effects of the socio
environmental risks faced by the population of Sao 
Paulo. Macro-environmental monitoring and its 
linkage to health data are summarized. 

Micro-level environmental problems: Health and 
environment differentials 
We begin with the results from the recent data 
linkage of environment and health data in Sao 
Paulo (1). Results reflect the inequalities in condi
tions between the central, intermediate and per
ipheral areas of the city of Sao Paulo. They most 
strongly indicate the impact of an environment of 
poverty on the population, particularly for those 
who live on the outskirts of the city, both with 
respect to material symptoms of poverty in terms of 
access/non access to public services and to the 
added environmental risks attached to living in 
situations of social disadvantage. 

The study results also suggest that Sao Paulo's 
economic strength has not been able to provide 
benefits for a considerable proportion of its inhab
itants. Fifty-nine per cent of Sao Paulo's inhabit
ants (5 664 000 people) live in precarious housing 
(14) and approximately 16% of the people 
(1 536 000 people) have no access to sewerage fa
cilities (SABESP, internal files, 1993). In a city 
which needs both a skilled, blue-collar workforce 
and an efficient army of white-collar workers to 
IJlaintain good-quality industrial output, 33% 
(3 168 000) of its citizens are illiterate or have not 
completed primary school (15). 

The study of socio-environmental zones for the 
City of Sao Paulo showed that approximately 44% 
of the population live in areas with the worst per 
capita income, with least access to sewerage facili
ties, lower water consumption per capita, highest 
population densities and the least education. Link
ing this information to mortality data revealed that 
people living in the worst areas had considerably 
higher levels of mortality than those living in areas 
with better socio-environmental conditions. 

Looking at Sao Paulo's health differentials by 
age group, there is significant room for improve
ment in the 0-4 year-old group, probably through 
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preventing deaths by diarrhoea and pneumonia. 
Overall, respiratory and infectious disease account 
for the majority of deaths in this age group. Differ
entials between the zones are striking. Respiratory 
and infectious mortality rates are (respectively) 3.8 
and 4.4 times greater for children in Zone 1 (the 
least privileged) than in Zone 4. It should be noted 
that infectious diseases represented only 2.6% of 
all deaths in Sao Paulo for 1992. However, these 
figures indicate that despite its status as one of the 
most successful examples of a city in an industrial
ized developing country, Sao Paulo has yet to con
quer preventable child deaths in vulnerable popu
lation groups. 

Perhaps the most alarming differential is in 
homicides which account for major excesses in 
mortality between socio-environmental zones. Vio
lent deaths are a particular cause of concern for 
the poor: in 15-44 year olds in the worst socio
environmental conditions there were 3 428 violent 
deaths in 1992 (or 16.5/10 000) compared to 
326 deaths in Zone 4, the wealthiest (7.8/10 000). 
This could be described as an "epidemic of vio
lence" affecting the poor of Sao Paulo most severe
ly. Overall in 1992 there were 3 759 deaths due to 
homicides (8/10 000 population). If we consider 
only males aged 15-24, the mortality rate for homi
cide was 19.5 I 1 0 000 in 1992. This rate is just below 
that in the United States (21.9), which has the 
highest rate for this age group of males among 
industrialized nations (16). It is probable that this 
"epidemic" is related to the environment of social 
disadvantage experienced by many in Sao Paulo. 

Looking at older age groups, mortality patterns 
in the 45-64 year-old group show evidence of pre
mature deaths from traffic accidents, cerebrovascu
lar diseases and hypertension. There are significant 
differentials between socio-environmental zones. 
Increasing levels of mortality from diseases of the 
circulatory system in developing countries are often 
thought to indicate transition from diseases of pov
erty to diseases of affluence. Data from Sao Paulo 
corroborate increasing evidence that circulatory 
diseases cannot be called diseases of affluence: in 
Sao Paulo, as in developed countries, their impact is 
felt most severely by the poor. Data on differential 
mortality from circulatory diseases in Sao Paulo in 
1992 indicate that in socio-environmentally disad
vantaged Zones 1 and 2, residents experienced 
significantly higher rates of mortality compared to 
their wealthier neighbours in Zones 3 and 4. 

Interestingly, differentials in mortality appear 
to diminish in the 65+ age group. It seems that the 
elderly die at similar rates whichever zone they 
reside in. 

Ad hoc studies linking household environmental data 
with health data. Household-level differentials 
shown by this data linkage exercise (1) are supple
mented by evidence from other studies. For exam-
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ple, Monteiro (17) found that downward trends in 
infant mortality in the City of Sao Paulo during 
three decades (1950-1979) correlated strongly with 
trends in real minimum wages, improvements in 
water supply and access to health care. Other stud
ies corroborate this broadly (18-20). 

A Municipal Health Authority ReportF notes 
that mortality from external causes (road acci
dents, homicides and suicides) was the major cause 
of death in the 5-39 age group. Differentials be
tween sub-districts are shocking: the mortality rate 
from homicide is 11.3 per 100 000 in J ardim Paulis
ta (a rich area) and 69.2 per 100 000 in Itaim 
Paulista (a poor area). 

Macro-environment: air pollution and health data 
linkage 
Currently, assessment of air quality consists of ex
amining ambient air quality against established 
guidelines. This system is not based on previous 
local linkage of health and environment data and 
establishment of local standards but works on a 
"risk analysis" basis, where only environmental 
data is monitored and public health risk is extra
polated from international data and standards. 

The main aim of monitoring air quality in Sao 
Paulo is to trigger emergency actions when pollut
ants in the atmosphere reach levels that may (ac
cording to international criteria) cause risk to pub
lic health. Control and monitoring activities in the 
SPMA are based on standards defined in 1976 by a 
State decree (9), the same standards set by the 
United States Environmental Protection Agency 
(EPA) (21). 

There have been some critics of this approach, 
who argue that establishing standards based on 
foreign data suggests that the adverse effects of air 
pollution on human health are exclusively depen
dent upon the air pollutant concentration, and are 
not influenced by local conditions. q In reality, local 
climate, socio-environmental conditions and lifes
tyles in Sao Paulo are all likely to affect the relative 
influence of air pollution on health. 

Although local air pollution and health data are 
not linked routinely, several ad hoc studies have 
been undertaken in Sao Paulo to look at links 
between pollutant levels and morbidity and mortal
ity (22-24).r 

The studies by Ribiero (22) and Sobralr assessed 
pollutant levels in terms of respiratory, infectious 

P Issued by the Sao Paulo Municipal Health Authority and 
presented at the 1992 II Brazilian Conference on 
Epidemiology. 

q Rancevas, S. with the English title, Environmental risks due to the 
use of alternative forms of energy. 

r Sobral, H.R. Polui(iio do are doenras respirat6rias em crianras da 
Grande Siio Paulo: um estudo de geografia medica. Tese de 
Doutorado, Sao Paulo, Departamento de Geografia, 
Faculdade de Filosofia, Letras e Ciencias Humanas, 
Universidade de Sao Pau1o, 1988. 
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or ventilatory symptoms in children, while the oth
er two (23,24) seem to show correlations between 
increased levels of particulate matter, so2 and co 
and cases of respiratory and cardiovascular disease 
admitted as emergencies at local hospitals. Finally, 
Saldiva et al., through a time series ecological 
study, found significant association between mor
tality in the elderly and respirable particulates 
from pollution (25), and robust association be
tween child mortality and NOx levels (26). 

Conclusions: potentia/linkage, monitoring and 
policy activities 
One of HEADLAMP's main aims is to provide 
decision-makers with the necessary tools to moni
tor environmental health problems and to assess 
the effect of their policies. There is an assumption 
that action will be facilitated by data linkage and 
the development of indicators. Environmental 
health measures will "give explicit policy-related 
information". This final section briefly discusses 
the potential policy implications of the HEAD
LAMP idea. 

Current environmental policy and plans 
Air pollution. Sao Paulo has achieved some success 
in control of its macro-environmental problems. 
Control of industrial pollution, dating back two 
decades, (high-sulphur fuel oil was replaced by 
low-sulphur fuel, biomass, natural gas or electrici
ty) has reduced the emissions of so2 by a factor of 
over 5 since 1976 ( 13). This change has allowed for 
considerable improvement in the SPMA's air 
quality. Motor vehicle traffic is now responsible for 
the largest proportion (64%) ofS02 emissions (9). 

The National Alcohol Programme imple
mented in 1979 brought important changes in air 
quality in Brazil. In 1989 half of the motor vehicles 
in the SPMA were running on alcohol and gasoline 
and 22% of vehicles used alcohol alone. Overall it 
can be said that the introduction of alcohol de
creased emission of CO, NOx, HC, S02, increased 
amounts of aldehyde and eliminated emissions of 
lead. Since 1979, CETESB has done special surveys 
to assess these changes. It is likely that increases in 
motor vehicle registrations and in the proportion 
of vehicles which run on diesel mean that current 
reforms will not contribute much to further im
provement in vehicle pollution. The Programme 
for Controlling Air Pollution due to Motor Vehi
cles is an attempt to solve the problem and it is 
expected to be in full effect by 1997. 

Socio-environmental conditions. Disparities in socio
environmental conditions between groups within 
Sao Paulo have been the subject of discussion for 

• These causes represented only 1.5% of all causes of death. 
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many years in the city (27, 28). Significant steps 
have been taken towards improving the coverage 
of basic environmental infrastructures within the 
city. To a large extent, this has been achieved: 
piped water and sanitation facilities extend into 
many of the favelas and the corti~os; and primary 
health initiatives have increased coverage by immu
nization campaigns within the city. The combina
tion of these public health actions has had a 
marked effect on infectious diseases throughout 
the city, particularly among children. However, as 
we have discussed, disparities in conditions be
tween groups within Sao Paulo still exist and these 
appear to have significant ramifications for the 
health profiles of both children and adults. 

Future planning. Sao Paulo is at an opportune mo
ment to develop policy-oriented monitoring sys
tems of its environmental and health conditions. 
For the first time, a comprehensive plan aimed at 
sustainable development of the city, has been put 
forward by the authorities. The Metropolitan Plan 
for Greater Sao Paulo (2) stresses the need to look 
for long-term, not short-term solutions to the 
city's problems. The plan attributes 4 dimensions 
to development: (i) economic growth; (ii) social 
equity; (iii) preservation and improvement of qual
ity oflife; and (iv) protection of natural resources. 
The main aim of the plan is to guarantee the sus
tainable future development of the metropolis. 

Within this context there is a rising popular 
concern for the quality of Sao Paulo's macro
and micro-environments. The consequences of in
equalities in socio-environmental conditions are 
clear from documented health data; the impact of 
these and the potential consequences of poor air 
quality are widely reported in the popular press 
and academic circles. 

At the macro level, according to recent re
search, the population perceives poor air quality as 
a principal aspect of environmental degradation in 
the SPMA (28). Jacobi found that air pollution was 
perceived as the main environmental problem of 
the city, followed by urban violence and the short
age of health services. It is important to note that 
environmental priorities, and definitions of the 
problem, differed substantially according to the 
socio-economic status of the respondents. In the 
wealthiest strata, 71% of householders ranked air 
pollution as their number one problem, referring 
to vehicular emissions as their main air quality 
concern. In contrast, 46% of households in the 
poorest strata perceived air pollution to be their 
major environmental problem - these households 
were referring to problems of air quality in terms of 
dust, smoke and foul smells. 

As the case of Sao Paulo shows, there are exten
sive data available on environmental conditions 
and health in the metropolis. Routine environ
mental data have not, until recently, been linked to 
health outcomes. 
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In the case of our macro-environmental risk, air 
pollution, monitoring is carried out currently on 
the basis of risk analysis relying on international 
guidelines to set local standards of suspected 
health effects. Ad hoc studies of air pollution and 
health suggest local risk, but data linkage has not 
been established routinely. 

For micro-environmental problems, ad hoc 
studies have documented differentials in health 
and environment between groups within the city 
for some years, but until recently the linkage of 
diverse, routine data has not been accomplished. 
The intra-urban environment and health study in 
Sao Paulo demonstrated the extent of micro-envi
ronmental problems and health effects of these on 
the population of the city. Perhaps more impor
tantly, the study's methods can be seen as a pilot 
attempt to establish the feasibility oflinking diverse 
environmental and health data and developing 
routine communication between diverse data 
sources. By working directly with selected planning 
and environmental service agencies and develop
ing linkages over time, the study has facilitated 
environmental and health data linkage on a more 
systematic basis for the future. 

Despite Sao Paulo's achievements in estab
lishing good information systems, there is still po
tential for improvement in information systems. In 
order to understand the priorities of different 
groups within the city, planners have expressed a 
need for the development of more compatible and 
interlinked data systems, for the express purpose of 
creating integrated urban policies. This fits closely 
the recommendations of Agenda 21, "to establish,· 
as appropriate, adequate environmental monitor
ing capacities for the surveillance of environmen
tal quality and the health status of populations". In 
order to move towards integrated information sys
tems, Sao Paulo still needs to develop its capacities 
for linked monitoring of environmental and 
health problems. Among the priorities are the cre
ation of geographically compatible data bases for 
environmental and health sources and the estab
lishment of a routine system for communicating 
and publicizing linked health and environmental 
data. 

Stepping back to the macro level, Sao Paulo 
seems now to have an operational risk analysis sys
tem and to have acted concertedly on some forms 
of air pollution. Whether this has been achieved on 
the basis of actions guided by monitoring or on the 
basis of problems perceived at a political level, is 
not clear. Given HEAD LAMP's thesis that health 
and environmental monitoring is a necessary cata
lyst for environmental change, this is an important 
unanswered question. 

Despite monitoring of the environmental prob
lem of air pollution at the macro-level, there are 
also still gaps in understanding of air pollution and 
its specific effects on the population of Sao Paulo. 
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For example, there are still significant questions 
related to the specific interactions of the local cli
mate with fluctuations in pollution and effects on 
health. Perhaps more importantly, there is almost 
no evidence of the relationship that the macro and 
micro problems may have with each other. There is 
international evidence, for example, that the poor 
may face higher health risks from exposure to air 
pollution (4). It is not clear whether this is true in 
Sao Paulo. 

Finally, and in relation to HEADLAMP's the
sis that monitoring is followed by policy, it should 
be stressed that it is not clear whether monitoring 
an environmental problem (and/or its health ef
fects) has a substantial impact on environmental 
policy, nor if it does, how this occurs. It has been 
argued that only one of the four key mobilisers of 
policy change is technical advice based on "infor
mation, analyses and options" (29). 

How might the complex interaction of informa
tion and policy development relate to Sao Paulo 
and its environment? For the macro-problem of air 
pollution, Sao Paulo is in a critical stage. Risk anal
ysis suggests that the city centre is the most vulnera
ble area and that vehicular pollution is the culprit. 
Vehicles in Sao Paulo are owned mostly by the 
wealthy. Will the wealthy willingly compromise 
their expression of economic gain - the car - for 
health benefits? The historical short-term reaction 
of the wealthy to air pollution in the centre of cities 
is to try to retreat to insulated suburbs, commuting 
(mostly by car) to a centre which may be increas
ingly characterized by office blocks and run-down 
housing lived in by the poor. It is not clear if this is 
the future for Sao Paulo, nor what role monitoring 
of the problem might play. 

Finally, monitoring of health and environment 
linkages has to be set within the context of public 
health priorities facing populations in the short 
and long term. Policies must be seen in the context 
which shapes them. To some extent, the way in 
which policy makers respond to the micro-level 
environment of poverty faced by many of Sao Pau
lo's citizens will inform responses to macro prob
lems. In the short term Sao Paulo's health pro
file is characterised by diseases of the elderly (heart 
disease and neoplasms), with an adult health pro
file dominated by diseases of the social environ
ment - violence being the major threat. Currently, 
violence ranks second to air pollution as a major 
environmental problem perceived by the rich and 
poor in the city (28). Both are perceived urban 
environmental threats to health, but it is violence 
that has the more substantial impact on population 
health at present in Sao Paulo, with significantly 
higher risks among the poor. 

At present, the wealthy in Sao Paulo ensure 
their safety from the environmental health threat 
of violence with security systems. In terms of envi
ronmental strategy, it is a not dissimilar attitude to 
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that of wealthy 19th-century Londoners who built 
parks to insulate themselves from the ill-under
stood "miasmic" diseases of their poorer neigh
bours (30). 

There is a danger that both the complex micro
environmental problems and the macro-environ
mental questions may be dealt with in the same 
way. Air pollution may have substantial effects on 
people's health in Sao Paulo, but the question 
remains: who pollutes and who pays and will pay 
with their health? Given the current inequalities in 
the structure of Sao Paulo's society, will monitor
ing the environmental impacts of air pollution re
ally catalyse the rich into curbing their vehicle use 
in order to protect the health of the whole society? 
It is this question which is at the heart of the debate 
on monitoring environment and health - a ques
tion which faces many cities. Improving methods 
to monitor problems is just one step - an equally 
fundamental question is how to use that informa
tion to influence policy. 

Summary 

This article addresses the development of data linkage 
methods for the analysis of urban environmental health 
problems and the development of appropnate policies 
and discusses, based on ex1sting experience of data 
linkage 1n Sao Paulo (Brazil), the potential for routine 
environmental health monitoring and management in a 
major developing country industrial centre. The article 
looks briefly at two major en vi ron mental health problems 
in Sao Paulo. first, air pollution which has potential 
impacts on health of the whole population, and second, 
environmental d1fferent1als 1n cond1t1ons between 
groups within cities, which have substantial health ef
fects on the economically deprived. The art1cle argues 
that the health impact of environmental differentials in 
Sao Paulo is large, but unmonitored as a serious envi
ronmental health threat. In contrast, air pollution is 
monitored routinely, although its health effects are rela
tively small at present The paper concludes with a 
discussion of pol1cy implications of environmental 
health monitonng- which potentially require a substan
tial sh1ft 1n attitudes of the urban wealthy. 

Resume 

Sante et environnement a Sao Paulo (Bresil): 
methodes d'appariement des donnees et 
politique adaptee 

Cet article traite de Ia mise au point de methodes de 
raccordement des donnees pour !'analyse des proble
mes de salubrite de l'environnement en milieu urbain et 
de Ia conception de politiques appropriees. A partir de 
!'experience acquise a Sao Paulo en matiere de raccor
dement des donnees, il etudie les possibilites de sur
veillance continue et de gestion de !'hygiene de l'envl
ronnement dans un grand centre 1ndustnel d'un pays en 
developpement. Deux grands problemes de salubrite 
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de l'environnement a Sao Paulo sont brievement expo
ses : d'une part, Ia pollution atmospherique, qui a des 
effets potentiels sur Ia sante de toute Ia population, et 
d'autre part, les conditions ecologiques plus ou mo1ns 
bonnes dans lesquelles vivent les differents groupes de 
citadins, qui ont d'importantes consequences sanitai
res chez les classes defavorisees. Malgre son amp leur, 
l'impact sur Ia sante des differences ecologiques a 
Sao Paulo nefait objet d'aucun control e. alors qu'1l s'ag1t 
d'un grave danger pour Ia sante. En revanche, Ia pollu
tion atmospherique est surve1llee de maniere systema
tique, bien que ses effets sur Ia sante soient a l'heure 
actuelle relativement faibles. L'art1cle se conclut par un 
examen de Ia strategie qu'impllque le controle de Ia 
salubrite de l'enwonnement - par exemple, un 
changement profond d'attitude chez les citadins plus 
favorises. 
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